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RESUMEN

Los genes que codifican para la hormona del
crecimiento (hGH) o somatotropina y para el lactdgeno
placentario (hPL) o somatomamotropina coridnica (hCS)
constituyen en el humano un complejo multigénico
localizado en las bandas q22-24 del cromosoma 17. E1
complejo multigénico hGH-hPL contiene dos genes para
hGH y tres genes para hPL. Los productos de expresidn
mejar  conocidoa de estos genes son hormonas
pclipeptidicas de 22 Kllodaltcones (KDa). Estas
hormonas se sintetizan en diferentes tejidos bajo
diferentes mecanismos de control.

Como un pase necesario para la reallizacidn del
presente trabajo primeramente construimos b
seleccionamos los vectores mas eficientes para la
expresion de genes eucaridticos en cultivo de céelulas y
disenamos un sistema para detectar proteinas secretadas
coma producto de la expresidn de los genes introducidos
transitoriamente a células en cultiva. Una
contribucién més de nuestro trabajo fué el desarrollo
de una estrategia para cuantificar la expresidn génica
A vk Erod Esta consistidé en el intercambio de
secuencias nucleotidicas entre los genes hGH y hPL; por
lo que la denominamos mutagénesis por DNA homdélogo.

En este trabajo establecimes las condiciones para
detectar y cuantificar la expresion de hGH en cultivo
celular. La actividad biologica de las hGHs producidas
en cultivo celular fue verificada en el modelc de
diferenciacidén de fibroblastos preadipociticos hacia
adipocitos. Una vez gque estandarizamos las condiciones
para la expresidn funclonal de hGH en nuestro modelo in
vitro, determinamos que tanto hPL-3 come hPL-4
contribuyen a la produccion de una misme hPL wmwadura.
La cuantificacidon de la expresion de 1los genes hPL-3 ¥y
hPL-4 a nivel de proteinas y RNA mostraron que la
region codificante del gen hPL-3 presentd una mayor
expresion que la del gen hFL-4. Interesantemente,
encontramos que 1la abundancia de estas proteinas
dependié del origen genético de los primeros dos
exones. Ademas, las estrategias anteriormente
descritas nos permitieron cuantificar el efecto de la
mutacidén presente al inicio del segundo intrdn del gen
hPL-1. En estos experimentes detectamos una
disminucion total de la proteina codificada por el gen
hPL-3 con esta mutacldon y no detectamos la reactivacidn
de la expresidon con el gen hPL-1 reparado,

xi



Los resultados anteriores nos permitleron llegar a
las siguientes conclusiones:

= Los genes hPL-3 y hPL-4 contribuyen a la
producciéon de 1la hormona hPL madura en una
relacion de 4 a 1 en nuestro modelo in vitrao.

= La expresién diferencial in vitro de los genes
hPL-3 y hPL-4 depende de las diferencias
nucleotidicas presentes en los dos primeros
exones de estos genes.

- La mutacidn presente al 1nicio del sequndo
intrén del gen hPL-1 es una de las causas .que
afecta su falta de expresidn.

El intercambio de secuencias hcmélogas entre estos
genes nos permitid evaluar el efecto en la expresidn de
mutaciones sin modificacidn de la conformacién nativa
de 1la prateina codificada, produciendo asi nuevas
estrategias para €l estudio de la expresion del genoma
humano.

El medelo experimental gque hemos desarrollado
podria wutilizarse en estudios de mutaciones existentes
en genes que codifican para proteinas relacionadas
genéticamente y para las que existen anticuerposa
utilizando la conveniencla de 1la cuantificacién de la
proteina mediante RIA.

xii



INTRODUCCION

E1l nacimiento de la tecnologia del DNA
recombinante a principios de la década de 1los 70's,
marco el inicio de una nueva era en Bialogia Molecular.
Con la ayuda de esta tecnologia ha sido posible iniciar
el andlisis, a nivel molecular, del altamente complejo
genoma eucariote. Actualmente se estan llevando a cabo
numerosas estudios con el propésito de analizar la
estructura molecular y organizacidén de genes para
entender su funcidn, regulacién y origen.

La requlacion de la expregidn genética, implica la
formulacion de maltiples interrogantes Y la
consideracion de los diferentes niveles por los cuales
ésta informacion, depositada en un pequeito segmento
cromosomica, pasa antes de alcanzar su manifestacidn
final, reflejada en la esatructura y funcién de 1la
proteina en estudio.

La presencia de mutaciones en genes eucaridticos
pueden afectar los niveles de su expresidn debido a una
alteracion en los diferentes pasos de la ruta de
expresion génica: transcripcidén, procesamiento del RNA,
estabilidad del RNAm y traduccidén (l). Los efectos de
mutaciones puntuales en la expresion de los genes
estucturales estudiados requieren métodos analiticos
altamente selectivos para detectar estos cambios.

Los genes que codifican para 1la hormona del
crecimiente humano (hGH) o somatotrepina y para el
lactégeno placentario humano (hPL) o somatamamotropina
coridnica (hCS) constituyen en el humano un complejo
multigénico constituide por cinco genes (1-3). El
aislamiento y caracterizacidn de los genes del complejo
multigenico han permitido estudiar su expresidn vy
regulacion. Los productos de expresidn mejor conocidos
de este complejo génico son los polipéptidos hGH y hPL
de 191 aminoacidos, producidos en hipdfisis y placenta
respectivaments. Algunos polipéptidos codificados por
estos genes son hormonas cuya funcidn no ha sido
descrita. Por lo que el complejo multigenico hGH-hPL
es sin duda un modelo excelente para investigar los
mecanismos moleculares mediante los cuales estos genes,
con un alto grado de similitud, expresan hormonas
relacionadas en tejidos diferentes.

I El complejo multigénico hGH-hPL.

El advenimientao de la tecnologia del DNA
recombinante y la c¢lonacidn molecular de genes de
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organismos superiores, ocasionaron una revolucidn en
los laboratorios dedicados al estudio de la expresién y
requlacién genética. Loa trabajos experimentales can
el complejo hGH-hPL se iniciaron con el estudio de la
forma madura de las proteinas y se prosiguié en 1la
direccidn del origen de la informacidén genética
responsable de la sintesis, estructura y funcidn de
estas hormonas.

A Localizacidén cromosomica.

La localizacidn subcromosomica de los genes fué
determinada en estudios de hibridacidén in situ
utilizande un fragmento del DNA complementaric al
RNA mensajero (DNAc) de hPL (ver seccidn IIA).
Estos experimentos demostraron gque los genes gque
codifican para hGH y hPL constituyen en el humanc un
complejo multigénico localizado en las bandas g22-24
del brazo largo del cromosoma 17 (3). Ademas,
cuando los DNAc¢ de hGH o hPL fueron utilizados para
buscar secuenclas especificas en bancos de DNA
gendmico humano, determinaron la presencia de cinco
genes diferentes en el complejo hGH-hPL(1-3})-.

B Anatomia molecular,

El orden fisico de 1los genes del complejo
multigénico hGH-hPL fué determinado mediante
digestidon con enzimas de restriccidon de c¢lonas
sobrepuestas de fagos y cdsmidos recombinantes
conteniendo DNA humano y aislados por hibridacidn
con sondas del DNAc de hGH o de hPL (1,2). Estas
genes se encuentran arreglados partiendo del extremo
5' al 3J'(ver figqura 1) de la siguiente manera:
primeramente hGH normal (hGH-N), luego hPL-1,
también 1llamado hPL-1like (hPL-L o hCS-L) ,
posteriormente hPL-4 (también denominado hCS-A), al
cual le sigue hGH variante (hGH-V) y finalmente hPL-"
3 (también designado como hCS5-B). ©Los genes hGH y
hPL presentan la misma orientacién transcripcional y
estan separados por regiones intragénicas de 6 a 13
kilopares de bases (kpb). Secuencias repetidas de
la familia Alu fueron localizadas flanqueando los
genes o0 €n sus intrones (2,4 y 5). Las secuencias
del extremo 5', regiones codificantes e intrones
mostraron al menos un 90% de similitud entre hGH y
hPL.

c Estructura génica.

El DNAc de hPL obtenido por Barrera-Saldafia y
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Figura 1. El complejo multigénico hGH~-hPL. En este diagrama se
presenta la localizacién cromosémica, anatomia molecular y es=
tructura génica del complejo multigénico hGH-hPL.

col. en 1982 (ver seccidén IIA) fue hibridado con el
gen hPL-3 para construir 1lo que se conoce como
heteroduplex (6). El andlisis al microscopio
electrdénico de estos heteroduplex reveld la
presencia, en el gen para hPL, de cuatro intrones.
El tamafio 'de los intrones y exones determinados en
este estudio fueron similares a los descritos para
el gen hGH por De Noto y col. en 1881 (7).

Estudios posteriores confirmaron que los cinco
genes del complejo génico presentan 1la misma
organizacioén génica con cinco exones Yy cuatro

intrones en la misma posicién. El patrdn de corte
con enzimas de restriccidn permitidé identificar cada
uno de estos genes. Los dos genes hGH estan

contenidos en fragmentos EcoRI de 2.6Kpb. Ambos
genes tienen sitios Unicos para la enzima BglI, sin
embargo difieren en la posicién de sitios BamHI.
Dos de los genes para hPL estan contenidos dentro de
fragmentos EcoRI de 2.9Kpb, presentan sitios unicos
para las enzimas Xbal y BamHI y difieren en la
presencia de uno (hPL-3) o dos (hPL-4) sitios PvuII.
E1l tercer gen hPL-1 que contiene secuencias
relacionadas con hPL esta contenido en un fragmento
EcoRI-Xbal de 3.5Kpb que no presenta sitios de corte
con las enzimas de restriccién Xbal ni BamHI.

D Secuencia nucleotidica.

Un extraordinario esfuerzo fué realizado por
Chen vy col., en 1989 cuando determinaron la
secuencia nucleotidica completa del complejo
multigénico hGH-hPL (8). Esta secuencia considerada
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récord mundial (9) constituye el 0.1% del cromosoma
17 en humanos y corresponde a 66495 pb. Lous genes
estan separados por secuenclas intergénicas de 6 a
13 Kpb de longitud y en el complejo se encontraron
48 elementos repetitivos de la familia Alu en ambas
orientaciones y un miembrc de la familia repetitiva
Kpnl en el extremo 5' del gen hPL-3. Estos
elementos repetitivos constituyen mas del 20% de 1la
secuencia nucleotidica del complejo.

Las secuencias de 500 pb de los extremos 5' de
los genes del complejo multigénico presentan un 90%
de gimilitud en sus secuencias nuclecotidicas. Esta
similitud se extiende hasta regiones de 1.8Kpb
corriente arriba del sitio de inicio de
transcripcion. Ademdas incluyen regicones simetricas,
invertidas, repetidas y palindrdmicas que podrian
unir proteinas importantes en la regulacidén de la
expresidén génica. Todcs los genes del complejo
rultigénico contienen una secuencia TATAA, la cual
ha sido usada para asignar el sitio del casquete
(cap) . Existen ademds secuenclas ricas en A-T
(ATAAAT) a - 80 pb del sitio de iniciacion de la
transcripciodn.

E Evolucion molecular.

El andlisis de 1la secuencia de los genes ha
proporcianado una Informacién muy valiocsa para
reconstruir el proceso evolutivo que did origen al
actual complejo multigénico hGH-hPL. El alto grado
de similitud en 1la secuencia de aminodcidos entre
hGH, hPL vy prolactina (Prl) y en las secuencias
nuclectidicas de sus genes, aunado a que comparten
actividades biolégicas, permitiod postular la
hipdtesis de que los miembros del complejo
multigénice hGH-hPL provienen de un misme gen
ancestral comin (2,10 y 11). Este ancestro comin el
cual se cree fué mas similar a 1la Prl actual, did
origen mediante duplicacién y divergencia a los
atros miembros de la familia (12).

Se ha postulado que hace aproximadamente 350
-millones de afos el gen ancestral comun se duplicd
dando origen a dos ramas, una para los genes hGH y
hPL y la otra para €l gen hPrl. Los dos genes
precursores de vada rama segregaron en dos
cromosomas diferentes; actualmente 1 gen hPrl esta
localizado en el cromosoma 6 v los genes hGH y hPL
en el cromosoma 17. La hipdtesis postula 1la
presencia de tres eventos de duplicacidon geénica: el
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primero origind hace ° 400 millones de afios los
ancestros de la prolactina y de GH y el sequnda
evento did origen a una distribucién de cuatro
genes: hGH-N, hPL-1, hGH-V y hPL-3. En el dltimo
evento el gen ancestral hPL-1 se duplicé hace 5
millones de afios para producir los genes hPL-4 y
hPL-1. Se ha propuesto que hPL-4 se origind por
duplicacidén del gen hPL-1 y gque un mecanismo
recombinacional de conversion génica permitidé que el
gen hPL-4 presente ahora una similitud mayor con el
gen hPL-3 que con el propio gen hPL-i. La presencia
de homelogias internas entre estas hormonas vy la
abundancia de gecuencias de DNA altamente
repetitivas a través del locus puede explicar estos
eventos recombinacionales no-usuales (13). De 1los
66Kpb de la secuencia nucleotidica del complejo
multigénico, el 21% de las secuencias corresponden a
48 secuencias repetitivas de la familia Alu (8).

F Deleciones geénicas.

El complejo multigénica hGH-hPL ha sido
analizado en pacientes con niveles bajos o ausencia
total de hPL durante el embarazo. En el caso de una
mujer embarazada con ausencla total de hPL (14) se
identificd por andlisis molecular del complejo wuna
delecion homocigdtica de aproximadamente 35 kpb que
incluye 1los genes hPL-4, hGH-V vy hPL-3; otros
miembros de la familia fueron heterocigotos para la
delecidn (15). El embarazo, parto y producto fueron
normales, por lo que se pensd que el gen hPL-1 que
contiene secuencias relacionadas a hPL y gque no se
elimind en la delecion, podria producir una proteina
que presentara actividades similares a las de hPL.
En el <c¢aso de reduccién parcial de hPL (16) se
encontrd en la madre afectada ausencia del gen hPL-
4. En este caso los niveles de hPL en el suero
materno fueron la cuarta parte de los valores
normales. Dado que la expresion del gen hPL-3 no
compens? la pérdida del otro gen hPL, esto sugiere
una relacidon directa entre la dosis génica y la
concentracion de hPL en suero materno. Hasta la
fecha no esta claro el porgue hPL resulta
dispensable durante el embarazo.

Contrariamente a 1o que sucede con hPL, en un
caso de deficiencia de hormona de crecimiento que se
caracteriza por enanismo, se encontré al analizar el
complejo multigénico una delecidén de 7.5Kpb que
elimina a&al gen hGH-N, siendo esta 1la causa de la
ausencia de hGH (17).



II Expresién de los genes hGH y hPL.’
A Clanacidn molecular de los DNAcS,

Trabajos realizados inicialmente en 1977 por
Shine y Seeburg vy c¢ol. permitieron la <¢lonacidn
molecular de un fragmento de 550 pb correspondiente
a una porclon del DNAc de hPL que hibriddé al RNAm de
hPL (4,18). Posteriormente Barrera-Saldana y col.
usaron esta porcion del DNAc de hPL ¢como sonda para
aislar de un banco de DNAcs de placenta el DNAac de
NPL completo (6). En estos estudiocs los RNAms
obtenidos de placentas a término también fueron
utilizados para construir un banco de DNAcs. El1 5%
de las clonas reccmbinantes del banco hibridaron con
secuencias de DNA para hPL, indicando gue el RNAm
para hPL es abundante en tejido placentaric a
término. Estudios adicionales realizados por
Barrera-Saldana y col. detectaron dos diferentes
DNAcs de hPL que fueron caracterizados mediante
digestidn con enzimas de restriccidn (18). Cuando
compararon sus secuencias encontraron gue existen
diez diferencias en posiciones nucleotidicas, las
ctuales, sdlo una ocasiona un cambio en la secuencia
aminoacidica. Este cambic sin embargo esta
localizado en el peéptido sefalador, que se elimina
al secretarse la forma madura de la hormona, por lo
que se dedujo gque las hormonas producldas por los
dos DNAcs son idénticas.

Los DNAcs de hPL obtenidos presentan
aproximadamente un 92% de similitud con la secuencia
de nucledtidos del DNAc de hGH (7). Esta alta
similitud entre los DNAcs de hGH y hPL condujo a
realizar mapeos extensivos medlante digestién con
enzimas de restriccidédn para su caracterizacién. Los
DNAcs de hGH y hPL pudieron ser diferenciados por la
presencia de un sitio Gnico para la enzima Xbal vy la
ausencia de corte con la enzima BglII en el DNAc de
hPL. Por otro lado, la secuencia del DNAc de hGH
presenta un sitio unico para la enzima BglIX y no
presenta s8itio de corte para la enzima Xbal (1).

B Productos a nivel de RNA.

Los transcritos primaricos de los genes hGH-N,
hGH-V, hFL~3 y hPL-4 tienen una longitud de 1650
nucledtidos. El praocesamienta de los transcritos
praduce RNAms que codifican para prehormonas de 217
aminodcidos. Ademds, la eliminacién de los intrones
"“splicing" por una via alternativa del transcrito
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primario del gen hGH-N produce una delecidn de los
primeros 45 nucledtidas del tercer exén. Este RNAmM
alternativo codifica para 1la forma varlante de hGH
de 20KDa (19).

Trabajos realizados por Cooke Y col.,
demostraron que el gen hGH-V se expresa en placenta
Y produce también dos RNAms mediante "splicing"
alternativo a nivel del cuarto intrén (20). En este
estudio encontraron especies de RNAms de 900 y 1250
nucledtidos en una proporcidn 2:1 y esta expresidn
se encaontrd limitada al tejido de las vellosidades
coridénicas de la placenta. Una de las especles de
RNA se produjo por la via de procesamientc normal
que hemos descrito para hGH-N y hPL., La segunda
especie de RNAm (20% del total) se origind por una
via de eliminacion de intrones alternativa, en la
cual, el dltimo intrdn del transcrito primario de
hGH-V fué retenido, aumentandoc el tamafic del RNAm en
253 nucledtidos. Posteriormente, mediante
histohibridacién in situ, demostraron un aumentc en
la concentracidn de hGH-V durante la gestacién y
sublocalizaron la expregidén de hGH-V en el
sinciciotrofoblasto de placentas a término (21).

Entre un 10 y un 20% de los RNAms en placentas
a término se encontraron especificos para hPL
mientras que so6lo un 0.05% fueron especificos para
hGH-V. Recientemente Nickel y col. demostraron gque
el promotor de hPL-3 es mds fuerte que el de hGH-V
en células de pituitaria de rata transfectadas (22).
Estos resultados indican que la expresidén
diferencial de estos genes esta relacionada en parte
con la fuerza de sus respectivos promotores vy
sugiere gque un mecanismoe similar puede existir en
placenta humana.

En el caso de los transcritos de los genes hPL
activos, los tamancs de los transcritos sin procesar
Yy Procesados fueron descritos por Barrera-sSaldana y
col. mediante andalisis tipo Northern de los RNAs
obtenidos de placenta a término (6). En este
trabajo mostraron un RNAm de hPL predominante de
aproximadamente 860 nucleotidos y los RNAsS nucleares
contenian especies de 990, 1200, 1460 y 1760
nucledtidos. Estos RNAs nucleares de alto peso
molecular representan muy probablemente precursores
del RNAm de hPL.

Dos sitios de iniciacidén de la transcripcidn
diferentes se identificaron en los Ggenes hPL-3 vy



hPL-4 (11). La mayoria de 1los transcritos inician
la transcripcidén 30 pb corriente abajo de la
secuencia TATAAA vy aproximadamente el 5% de 1los
transcritos inician 30 pb corriente abajo de la
secuencia CATARA. Esta secuencia se encuentra
localizada 55 pb corriente arriba de la secuencia
TATAAA. Los niveles de RNAs de 1los genes hPL-3 vy
hPL-4 en placenta fueron determinados por Barrera-
Saldana vy col. mediante digestidén con enzimas de
restriccidn de las clonas de DNAc de placenta, asi
come por andlisis de transcripcidén inversa Y
digestidn con nucleasa Sl. Estos estudios mostraron
una mayor expresion de hPL-4 en relacidn a hPL-3 en
una proporcidon de 3 a 2 (18).

Par atre 1lado, el grupo de Chen Yy col.
encontraron que los niveles de expresidn de hPL-4 Yy
hPL-3 constituyen el 3 y 0.5% de los RNAms de
placenta, lo cual, muestra una relacidn de 6 a 1 en
la expresién de hPL-4 y hPL-3 (8). Estudics
adicionales realizados por Fritzpatrick y col.,
detectaron una amplla variabilidad en la relacidn de
RNAms de hPL-4 y hPL-3 cuando analizaron los niveles
de RNAms de WPL en diez placentas diferentes (23).

En relacién al gen hPL-1, sus transcritos no
pudieron ser detectados en placentas a término (6) y
esta falta de expresién fué atribuida a la mutacién
que contiene este gen (G-->A) al iniclo del segundo
intrdn (7). Interesantemente, Chen y c¢ol. en 1990
detectaron transcritos de hPL-1 en un bancoe de DHNAcC
de placentas usando oligonucledtidos especificos
para hPL-1. El andlisis de la expresidn de hPL-1
mostré que el transcrito primario puede presentar un
procesamiento diferente a los transcritos de los
otros cuatrao genes del complejo multigénico. Debido
a la transicidén G->A presente en el sitio donador
del "splicing" del segundo intrén del gen hPL-1, en
este procesamiento se utilizdé un sitio domnador
alternative localizado dentro del segundo intzdn y
un sitioc aceptor localizado dentrc del tercer exdn.
Esto dltimoc condujo a la eliminacién de 24 codcnes
de este ex6n. La eficiencia de esta eliminacidon de
intrones fué muy bajaj; uno de cada diez transcritos
entrd a este via alternativa. Por lo que el mayor
porcentaje de los transcritos fueron procesados en
forma incompleta con eliminacidén total del tercer
exon (8).



c Productos a nivel de proteinas.

Los productos de expresién mejor conocidos del
complejo génico son los polipéptidos hGH y hPL. hGH
vy hPL estan constituidas por una cadena
polipeptidica de 191 aminodcidos con dos puentes
disulfuro y un peso molecular de 22000 daltones.
Estas proteinas se sintetizan como una molécula
precursora de 217 aminocdcidos con 26 aminocacidos de
péptido sefalador. La secuencia aminocacidica de

estas proteinas presenta una similitud del 85%
(figura 2).

Figura 2. Comparacién de las secuencias aminoacidicas de las

proteinas de 22KDa codificadas por los genes hGH-N y hPL-3.

El diagrama muestra la secuencia aminoacidica de hGH y las

diferencias presentes en hPL-3 estan indicadas en el residuo
correspondiente.

hGH constituye en 1la pituitaria del 1% al 3%
del peso de la glandula (5-15 mg). La forma mas
abundante de hGH contenida en la pituitaria es la de
22KDa, aunque se han identificado otras variantes de
80, 45, 24, 20 y 17.5KDa en menor proporcién (24).
La variante de hGH 45KDa es un agregado o dimero
originado a partir de la 22KDa. La variante 24 KDa
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representa un precurser de hGH que retiene la
secuencia amino-terminal de 26 aminoacidos del
péptido seiialador. La variante de hGH 20KDa
proviene de la eliminacidén alternativa de intrones
durante el procesamlento de 1las moléculas de RNAm,
lo que produce una delecién de los residuos
aminocacidicos 32 al 46. Esta variante constituye
del 5 al 10% del total de hGH producida en la
pituitaria. Por 1dltimo, la hGH de 17.S5SKDa se
origina de una delecidén de 420 pb en el exdm III que
produce 1la eliminacidén de 40 aminodcidos en la
proteina (19).

El gen hGH-V, cuya expresién habia sido
demostrada solo en la placenta y en un tumor
hipofisiario (25), también expresa in viva wuna
proteina de 22KDa que difiere en 13 aminoacidos de
la hGH 22KDa cadificada por el gen hGH-N (21).
Estcs trabajos revelaron la presencia en placenta de
un segundo RNAm del gen hGH-V producido por una via
alternativa del procesamiento del transcrito
primario, del cual se deriva una proteina madura de
26KDa. El analisis del medio de las células
transfectadas con hGH-V demostrd la presencia de
tres proteinas: la mas prominente de 22KDa y las
otras de 24 y 26KDa (20). Recientemente, eSstos
mismos autcores demostraron gque las Gltimas dos
proteinas son productos glicosilades de la hGH-V de
22KDa (26).

hPL €8 secretada como una proteina de 22KDa por
las células del sinclciotrofoblasto de la placenta
(27). Esta hormona es detectable en sangre
periférica a las tres gemanas después de la
concepclon (28) y alcanza un nivel maximo de hasta
un gramo dlario al final del embarazo (29). hPL se
ha encontrado en sangre fetal y fluido amnidtico en
concentraciones de 300-1000 veces menores que en
tejido normal. Por o¢trc¢ lado, a pesar de gque
transcritos del gen hPL-1 han sido detectados (8),
hasta la fecha no se ha determinado si el gen hPL-1
puede producir una proteina in viveo.

Con estos antecedentes podemos resumir que
mientras dos genes hGH producen al menos cuatro
proteinas diferentes, la secuencias nuclectidicas de
los tres genes de hPL codifican para la sintesis de
una sola forma madura de nPL (ver figura 3),
paradoja que requeria mayor investigacidén al inicioc
del presente trabajo.
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Figura 3 . Expresién de los genes hGH y hPL. En este diagrama
se representa la expresién especifica de tejido de los genes hGH
v hPL, asi como sus productos a nivel de proteina.

D Regulacidn génica.

La alta similitud en la secuencia nucleotidica
de los extremos 5' de los genes hGH y hPL (93.8%)
sugiere gque un mecanismo muy preciso regula su
expresién especifica de tejido.

El promotor de hGH contiene varias secuencias
importantes para la regulacion de la transcripcion.
Esta regulacion esta dada por la hormonas tiroidea
(30 v 31), glucocorticoidal (29, 30) y liberadora de
hormonas del crecimiento (GHRH). También se une al
promotor el factor especifico de pituitaria GHF-
1/Pit-1 (32 y 33). Este factor es una proteina de
unién al DNA que contiene un dominio "homeobox" (34
Yy 35) y se cree que es responsable de la expresion
especifica de tejido de los genes hGH y hPrl. Las
secuencias de DNA requeridas para 1la induccién
hormonal parecen ser diferentes. El receptor de 1la
hormona tiroidea se une a la secuencia de -290 a -
129 pb del sitio de iniciacidén de la transcripcién.
Estudios adicionales indican que cuatro sitios estan
involucrados en la regulacion de la hormona
tiroidea, estos estan localizados: i) 1000 pb
corriente arriba del promotor, ii) dentro de las 200
pb corriente arriba del inicio de la transcripciodn,
iii) en la secuencia TATA y iv) dentro del primer
intrén del gen hGH (36). El receptor de las
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hormonas glucocorticoidales se une a regiones
cercanas al extremo 5' y a una porcioén del primer
intrén (37). El efecto de estas dos ultimas
hormonas parece ser independiente y aditivo.

En contraste con esto, muy poco se conoce de la
requlacidn de los genes hPL. Fitzpatrick vy col.
ldentificaron elementos regqulatorics en el promotor

del gen hPL-3 (38}. Estos son activadores de la
transcripeidon y se encuentran en la region de -142 a
-129 pb del sitio de iniciacidn. Esta regibn

contiene una secuencia similar al sitio de unidén del
factor de transcripclon Spl (39). Esto sugiere que
hPL-3 puede ser regulado transcripcionalmente por
factores trans-actuantes como Spl o similares a Spl.
Estas secuencias regulatorias del promotor de hPL-3
fueron requeridas para la expresidn basal pero no
reqularon la expresidn especifica de tejido.

Para explicar lo anterior, Rogers y col., en
1986 analizaron 1la presencia de potenciadores 6
“"enhancers" en el complejo multigénico hGH-hPL.
Demostraron la presencia de un "enhancer" o
potenciador transcripcional de 2.2 Kpb en el extremo
3' del gen hPL-3, esto es en el extremo distal del
complejo multigénico hGH-hPL (40). Recientemente,
Walker y col., delimitaron al "enhancer" de hPL a
una regidn de 138 pb en el extremo 3' del gen hPL-3
(41). Este potenclador mastrd ser esencial para 1la
expresidn especifica de tejido. Ademds
identificaron una secuencia de 22 pb en el
"enhancer" gqgue se une a proteinas regulatorias
encontradas en células productoras de hPL. Hasta la
fecha no se ha descrito ningun "enhancer" asociado
al gen hGH, aungue se encontrd uno en el extremo 5°'
del gen de la hormona de crecimiento de rata (34).

E Modelos in vitro.

El anélisis de la expresion de secuencias de
DNA introducidas a ¢élulas en cultivo ha sido
importante en estudios de regulacion de la expresidn
génica. Los genes aislados en el laboratorio
mediante teécnicas de Ingenieria Genética pueden ser
introducidos a células eucaridticas en cultivo.

La expresion de genes en cultivo de células
puede ser transitoria o estable, dependiendo del
tiempo que dure 1la expresidn. En la primera el gen
introducido generalmente por transfeccidon permanece
en forma extracromosomica y se expresa activamente
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en las primeras 24-72 h, después de lo cual, es
eliminado. En la segunda, se seleccionan aquellas
celulas en las gque el gen introducido se integra al
gencma celular por lo que se establece una expresidn
coentinua y heredable (42).

Se ha dado gran importancia a 1l1la construccidn
de vectores de expresion eucarioticos dque dirigen
eficientemente la expresién de los genes o sus DNAcs
(43). Estos vectores poseen bdsicamente las
sigulentes componentes: 1) secuenclas procaridticas
del origem de replicaclén y un marcador de
resistencia a antibidticos para la propagacion vy
seleccidn del plasmide en 1la c¢élula hospedera

respectivamente, ii) secuencias promotoras Y
potenciadores © "enhancers" que controlan la
iniciacion de 1la transcripcidn, eficiencia y

especificidad, 1il) secuencias involucradas en el
procegsamiento del transcrito primario y iv) el gen o
DNAC que Se quiere expresar.

Algunos de los vectores de  expresidén mds
eficientes se han construido utillzando sefiales de
regulacion virales. Un ejempleo de este tipo es la
serie de plasmidos pSVZ2 que contienen el promotor
del virus del simio 40 (SV40) (44). Otros vectores
contienen cOomo secuencias requladoras las
repeticiones ¢terminales largas (LTR) del virus del
sarcoma murino (VvsM) ¢ del virus del sarcoma de Rous
(45) .

Se ha demostrado 1la sintesis, procesamiento y
secrecion de hGH en diferentes sistemas de cultivo
celular. Pavlakis Y cols,, determinarcn la
expresion de hGH con plasmidos recombinantes que
contienen los genes hGH en el vector pSV (46). Este
mismo vector permitid a Lupker y col., demaostrar que
la prehormona e3 procesada correctamente por las
células de mono cuando obtuvieron una linea de
células Vero que expresa establemente grandes
cantidades de hGH al medio extracelular (47).

La presencia de un potenciador muy potente
localizado corriente arriba del gen inmediato
temprano del citomegalovirus humano {(hCMV) fue
descrita por Boshart y col., en 1985, Durante su
caracterizacidn esta wunidad promotor-potenciador
mostrd ser una de las unidades de control de la
transcripcion mas fuertes gquedando evidente su
utilidad para ser incorporado a vectores de
expresion eucariotes (48). La potencia de la unidad
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promotor-potenciador fue demostrada por Foecking y
Hofstetter tanto en ensayos de expresidn transitoria
como estable. Esta unidad mostrd ser mas potente y
versédtil como elemento requlatorio transcripcional
que el promotor del virus V40 y el LTR del virus
del sarcoma de Rous (49). Como apoyo a los
resultados anteriores Pasleu y col., demostraron una
maycor expresiéon de DbGH en células de rata GH3 con
esta unidad gque cuando utilizaron el LTR del virus
de sarcoma de Rous (49).

Las primeras cbservaciones de la expresidn de
genes eucarioticos en cultiveo celular sugirieron que
la eliminacidén de intrones era obligatoria para la
acumulacidén de RNAms en el citoplasma. Debido a lo
anterior 1la llamada primera generacidén de vectores
de expresidén para DNAcs, iIncluyeron un intrén
heterdlogo ademds de las secuencias de
peliadenilacidén (44). Sin embargo, en 1980 Brinster
y col. usaron vectures de expresion de DNAcs de la
segunda generacidén gue npo coantienen intrones vy
demostraron gque los intronese no son necesarios para
la acumulacidn de RNAms en <¢élulas transfectadas
(50).

F hGH como gen de referencia.

La cuantificacidén de 1la expresidén génica en
slstemas de expresidén transitoria estd basada en
detaerminar los niveles, ya sea de RNA ¢ proteina,
que dirige el gen transfectado. El estudio de la
expresion génica en células transfectadas para
lograr expresién transitoria ha sido facilitado con
el uso de vectores de expresidn que dirigen la
sintesis de actividades enzimdticas que pueden ser
determinadas fdcilmente, como es el c¢aso de la
enzima cloranfeniceol acetil transferasa (CAT)(51).
Este ensayo de actividad de CAT ha sido utilizado
ampliamente porque es faclilmente cuantificable,
rdpido y reproducible. EL ensayo CAT ha sido
tambien utilizado como gen referencia para
determinar la eficiencia de los experimentos de
transfeccion. En algunos experimentos el mismo
vector de expresion contiene el gen de referencia
asi como el gen que se va a analizar su expresion.
En otros experimentos se utilizan estos elementos en
vectores diferentes, por 1o que 8Se recurre a ¢o-
transfectar las rcélulas en cultivoe con los dos
vectores de interés,

En 1986 Selden y col. describieron un sistema
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de expreslidn transitoria que esta basado en la
deteccidn lnmunoldégica de la hGH secretada por las
células transfectadas (52). Los niveles de hGH

secretada al medio extracelular fuercon
praoporcionales a la cantidad de RNAm citoplasmica y
a 1la cantidad de DNA transfectado. Esta

caracteristica permitié el registro continuo de la
expresidn en las células transfectadas y la
utilizacidon de la expresidn de hGH como gen da
referenclia para determinar 1la eficlencia de 1la
transfeccidén. También demostraron que el sistema de
expresidn transitoria de hGH en células de ratdn es
diez veces més sensible que el sistema de expresidn
CAT y es cualitativamente diferente a los sistemas
generalmente wutilizados porque no requlere la
destruccidn de las células transfectadas.

III Relaciones funcionales de hGH y hPL.
A Estructura tridimensional.

El reciente desarrollo de los métodos para
purificacién de proteinas y la capacidad para
producir proteinas homogéneas mediante Ingenieria
Genética ha hecho posible la disponibilidad de sus
cristales para estudiarlos por difraccidn de rayos
x.

hPL, hGH vy la hormona del crecimiento porcino
(pGH), son los tres miembros de la familia de la
hormona del c<¢recimiento que se han analizado,. Da
estas hormonas, pGH fué utilizada por Abdel-Meguid y
col. €en 1987 para determinar su estuctura
tridimensional (53). Esta consiste principalmente
de cuatro a-hélices antiparalelas distribuidas en un
paquete helicoidal enrrellado a la izquierda (ver

figura 14). El alineamienta de 1las secuencias
aminoacidicas de pGH c¢on otras GHs revela que leos
residuos dentro de las a-hélices son

predominantemente invariables y por lo tanto son
necesarios para mantener la integridad estructural
de estas proteinas.

La alta similitud en secuencia aminoacidica de
estas hormonas sugiere que la estructura porcina es
basicamente la misma en las otras hormonas del
crecimiento de mamiferos, por lo que se propuso COmo
una estructura tridimensional general para todas
estas proteinas (ver figura 4).

B Receptores somatogénicos y lactogénicos.



16

Figura 4. Modelo tridimensional de hGH basado en la estructura de
la hormona del crecimiento porcino. Los cilindros representan la
estructura de alfa-hélice y los residuos estan numerados de acuerdo
a la secuencia de hGH.

Una gran cantidad de actividades bioldégicas han
sido atribuidas a los miembros de la familia
multigénica hGH-hPL. Estas actividades estan
mediadas por 1la unién de las hormonas a receptores
especificos en la superficie celular de las células
blanco. Se han descrito dos categorias de
receptores: los somatogénicos y los lactogénicos.
La estructura de estos dos tipos receptores ha sido
descrita (54 y 55), pero no se conoce como se lleva
a cabo la transduccidén de la senal.

Las interacciones receptor lactogénico-ligando
contribuyen al mantenimiento de 1la lactancia,
desarrollo mamario y funcidén reproductiva normal.
Los efectos de las interacciones receptor
somatogénico-ligando estan relacionadas con el
crecimiento 1lineal del hueso y con funciones
metabélicas generales. Estas funciones estén
mediadas: i) indirectamente por la expresién del
factor-1 del crecimiento parecido a insulina vy ii)
directamente por efecto en tejidos blanco
periféricos (54).

Prl y PL se unen a receptores lactogénicos,
mientras que las GHs de subprimates se wunen a
receptores somatogénicos. Contrario a esto, hGH y
todas las GHs de primates en general se unen de una
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forma no wusual tanto a los receptores lactogénicos
como somatogenices (56).

c Actividades bioldgicas.

hGH €¢e ha mantenido en 1la frontera de 1la
investigacidn endécrina durante aproximadamente 100
arios . Estudios iniciales can animales
hipofisectomizados mostraron una disminucidén del
crecimiento en animales jovenes asi comc pérdida de
pesao y atrofia visceral en animales madurocs. Estas
efectos fueron revertidos c¢on la administracion
exdgena de extractos de pituitaria (57). De estas
observaciones emergido el concepto de hormona de
crecimiento de pituitaria o© somatotropina. Li ¥y
col. establecieron por primera vez la metodologia
para el aislamiento de bGH y hGH (57). Estaos
trabajos permitieron determinar que GH estimula el
crecimiento de tejido esguelético y blando y gue
estd involucrada en el metabolismo de proteinas,
carbohidratos y grasas. La funcidén primaria de esta
hormona es inducir el crecimiento proporcional de

tejidos esgquelético vy blando. Estos efectos
anabdlicos san en parte mediados por factores de
crecimiento dependientes de hGH llamados
somatomedinas (59). La propiedad inductora de

crecimiento de hGH es determinadas; i) mediante la
prueba de ganancia de peso, en la cual, el
incremento de peso en laos animales
hipofisectomizados es registrado durante diez dias
de administracidon de 1la hormona y ii) mediante el
ensayo de tibia, en el que, el crecimiento de las

epifisis de las tibias en animales
hipofisectomizados se mide después de inyecciones
diarias de hGH. Ademés de la actividad

somatogénica, hGH presenta efectos biolégices
miltiples, come son: actividades diabetogénicas,
lipoliticas, lactogénicas, similares a insulina y
activacion de macréfagos (60).

Por su parte, 1la hGH 20KDa comparte algunas
actividades biclogicas con la hGH 22KDa, ya que
presentan la misma actividad para inducir el
crecimientoe y aumentar la ganancia de peso en
animales hipofisectomizados (61). Sin embargo,
algunas otras actividades como las similares a
Ilnsulina, el efecto sobre acidos grasos y glucosa se
encuentran altamente disminuidos, pero no ausentes,
en la hGH Z0KDa. Por 1lo que esta variante,
comparada con hGH 22KDa, presenta actividades
marcadamente disminuidas en el metabolismo de
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carbohidratos, proteinas y 4&dcldos grasos libres
(62).

Se ha postulado, gque hFL regula el metabolismo

materno durante el embarazo. La principal funcion
propuesta para hPL es como un antagonista de
insulina (63). hPL estimula lipdlisis materna e

incrementa 1los ac., grasos libres en la sangre
materna, permitiendo su utilizacidén como una fuente
de energia. A pesar de su alta similitud com hGH,
hPL no es efectiva como lnductora del crecimiento ya
gue presenta solamente el 1% de la actividad
inductora del crecimiento de hGH (64). Sin embargo,
evidencia reciente sugiere gue hPL regula el
crecimiento y metabolismo en tejidos fetales
aislados (65). Esto es apoyado por la presencia de
receptores especificos para hFL en tejidos fetales
humanos (56).

D Bioensayos in vitro.

La actividad bioldégica de hGH ha sldo
verificada tradicionalmente en Dbloensayos animales
midiendo el aumento de peso corporal y el incremento
de tejido esquelético blando Y dure (67).
Recientemente, Morikawa y col. demostraron que hGH
induce la conversion adipocitica de fibroblastos
3T3-F442A de ratdédn e identificaren esta actividad
come una propledad especifica de hGH, que no
presentan otras hormeonas de procedencia hipofisiarla
{68}. Estos mismos autores encontraron que la hGH
20KDa, también es capaz de lnducir este fendmenc de
diferenciacidon y que ademas este biloensayo presenta
una alta sensibilidad y especificidad c¢omparado con
el bioensayo tradicional animal (69). La conversidén
adipocitica depende de los receptores somatogénicos
en los fibroblastos 373, por 16 que hGH actua como
un potente factor adipogénica mientras que hPL no
presenta esta actividad.

Las propiedades lactogénicas de hGH fueron
descritas desde hace aproximadamente 20 afios vy han
sido confirmadas en varias especies. Uno de los
bioensayos in vitro mas utilizado para medir la
actividad lactogénica estd basade en el efecto
mitogénico de las c¢élulas Nb2 de Linfoma de rata
(70) . En este bioensaye las celulas proliferan
cuando se cultivan en presencia de Prl, hGH, hPL u
otras hormonas lactogénicas.

E Estudios con digestiones enzimdticas.
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Se han realizada miltiples estudlos de
digestiones enzimaticas de estas hormonas protelcas
con el objeto de dilucidar las relaciones entre su
estructura primarie y actividades bicldgicas. En
estas estudios, enzimas como la plasmina,
subtilisina, bromelaina, guimiotripsina, pepsina y
tripsina, cortan estas wmoléculas en uno o mas
gitios, y las hormonas 8son canvertidas en una
estructura con dos o mds cadenas (71). La digestidn
de hGH con plasmina mostrd que el fragmento
correspondiente a los 134 residuos del extremo
amino-terminal de la proteina presentaba actividades
somatotropicas. Este fragmento pudo ser
posteriormente degradadc con bromuro de ciandgeno y
se obtuvo un fragmento de 111 aminoaclidos (residuos
15-125) que presentd tanto actividad 1lactogémnica
coma somatogénica (72) . Posteriormente se
describieron péptidos pequenos como los residuos 1-
$4 de hGH, 6 6-133 de DbGH que presentaron una
actividad significante en el aumento de las epifisis
esqueleticas, por 1lo que la actividad bioldgica de
hGH fué adscrita a diferentes regiones en la
molécula, Por otro lado, otros estudios utilizaron
fragmentos de hPL praoducidos mediante digestidon
limitada con plasmina y determinaron también que la
actividad lactogénica de esta hormona seée encuentra
en los primeros 134 residuos aminoacidicos de la

proteina (73). Resultados similares fueron
obtenidos con 1la hidrdlisis de hGH por subtilisina
(74) . Sin embargo en todos estos estudicos de

bloactividades in vitro de los fragmentos hormonales
ge requirieron altas dosis de fragmentos; en muy
pocas ocasiones los fragmentes produjeron respuestas
dependientes de la dosis, como cuandeo se
administraron hormonas integras.

F Caracteristicas estructurales de hGH y hPL
relacionadas a actividades bioldgicas.

Para analizar las relaciones estructura-funcidn
en las GHs, Nicaoll y col. determinaron los residuos
conservados en diferentes especies (75). Las
secuencias conoclidas de GHs de no-primates fueron
alineadas con Prls para determinar la maxima
similitud con hGH y hPL. Como ya hemos descrito,
hPL presenta un 85% de similitud con hGH, pero es
virtualmente inactiva en el ensayo de induccidn del
crecimiento. De los 28 residuos en que hPL difiere
de hGH; 17 fueron eliminados como residuos
implicados en esta actividad porgue se encuentran en
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partes de la molécula que na ’an e€senclales para la
actividad de hGH y otras GHs. Ademés, encontraran
que é&stas hormonas difieren sclamente en las
regiones de los residucs aminoacidicos -60-68 y 99-
113, cuando anallzaron sus perfiles hldreofilicos e
hidrofébicos. La primer regidn de divergencia es
causada por una sustitucidon de 1la arg 24-->met y la
gequnda involucra seis sustituciones, dos de las
cuales causan solo 1ligercs cambios y las cuatro
restantes causan un incremente significante en las
caracteristicas hidrofilicas de hPL en esta regidn.
Estas cuatro sustituclones cambian la prediccion de
la estructura secundaria de la proteina, haclendo a
RPL diferente de hGH y otras hGHe en esta regldnm.
Por lo tanto, estos andlisis indican gque las cuatro
sustituciones entre 1los residuos 99-113 de nFL
podrian ser importantes para la pérdida de su
actividad inductora del crecimiento.

Por otro lado, Retegul y col. en 1982
reconocieron mediante anticuerpos monoclonales el
principal determinante antigenico de hGH en los
residucs 98 a 128 del extremo amino terminal de la
proteina (76). Se ha descrito que el triptofano
{trp) que s8se encuentra en la posicidn 86 de esta
proteina no es esencial para la actividad biolodgica
de hPL. En este estudic encontraron una actividad
disminuida de hPL cuandc oxidaren el residuc trp en
nPL asi como cuando realizaron un rompimiento de
este mismo residuo. Lo anterior podria deberse a
que el residuc trp esta formando parte de uno de los
determinantes antigénicous gque permiten mantener la
configuracidn mglecular requerida para el
reconocimiento por el anticuerpo especifico (77).
Posteriormente Nerli y ceol. en 1984 identificaron un
determinante antigénico ¢comun a hGH y hPL entre sus
residuos 166 y 179 (78).

G Andlisis funcional de proteinas quiméricas.

Burstein y col. vy Rusell y col., en trabajos
independientes, construyeron moléculas hibridas de
hGH y hPL mediante la recombinacion de un fragmento
de hGH (residuos 1-134) con un fragmento de hPL
(residucs 135-191) y viceversa. Estos experimentos
fueron realizados c¢on modificaciones gquimicas y/o
protedlisis parcial de las proteinas y demostraron
una vez mds gque 1la actividad bioldgica y la
especificidad inmunologica de cada wuna de estas
hormonas esta determinada por el fragmento
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comprendlido entre los aminoacidos 1 y 134 de estas
proteinas (79, 80).

Gertler y «col. en 1986 construyeron y
expresaron en Escherichia coli un recombinante
andlogo de hGH que perdio 13 aminodcidos del extremo
amino-terminal de la proteina (81). Este andlogo de
hGH inhibié 1a praliferacién de las células Nb2 de
linfoma y mostrd una disminucidén en la unidn a
receptores somatogénicos de células Nb2 y: linfoclitas
IM-9. Estos resultados indicaron gque el extremo
amino-terminal de hGH es absclutamente necesario
para la unidn eficiente de hGH a 1los receptores
lactogénicos y somatogénicos.

Estudics posteriores realizados por este mismo
grupo con quimeras construidas entre hGH y bGH
sugirieron que el sitio de unién de hGH hacia el
receptor lactogénico y somatogénico incluye el
extrema amino-terminal de la molécula, mas
especificamente los residucs aminoacidicos 8-18 (82,
83).

Recientemente <Cooke y <¢ol. describieron . la
sintesis de proteinas quiméricas producto del
intercambio del tercer y cuarto exén de hGH por los
exones correspondientes de Prl de rata y GH de rata
(84). Las proteinas quiméricas resultantes
conservaron su habilidad para unirse a receptores
lactogénicos pero perdleron su actividad de unioén a
receptores somatogénicos. FEsta pérdlda selectiva de
unidén al receptor somatogénico de las proteinas
quiméricas sugiere que alqunos de los determinantes
estructurales de unidn a receptores somatogénicos y
lactogénicos son distintos y que los requerimentos
estructurales del receptor lactogénico podrian ser
menos estrictos que los necesarios para la unidén al
receptor somatogénico.

H Localizacidn de regiones funcionales de hGH
mediante mutagénesis dirigida.

Elegantes experimentos realizados por
Cunningham vy col. identificaron tres ragiones
especificas de hGH que modulan la unidn al receptor
somatogénico (85, 66). Estos trabajos fueron
realizados mediante mutagénesis dirigida por barrido
con DNA andlogo y alanina y evaluaciones por unién a
anticuerpos monoclonales 4 a receptores
somatogénicos.
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Las regiones que identificaron estan
localizadas en: i) los residuos aminocdcidos 12 al 18
codificados por el segundo exdn de hGH, 1ii) 1los
residuos 56 al 64 codificados por el tercer exon y
1ii) los aminoacidos 167 &l 181 codificados por el
quintc exdén. Se basaron en el modelo tridimensional
descrito para pGH (53), para deducir gque estas tres
regiones coalescen €n una regidn discreta entre el
extremo amino terminal de la hélice 1, un lazo desde
la cisteina 53 al inicio de la hélice 2 y la porciodn
central al extremo carboxi-terminal de la hélice 4
de la proteina (ver figura 5).

La regidn central y el extremo carboxi-terminal
fueron mas Jimportantes en la unién al receptor
somatogénico que el segmento del extremo amino-
terminal de la proteina. Hasta la fecha no se sabe
8i estas mismas regiones estédn involucradas en la
unién al receptor lactogénico o 8i esta sequnda
especificidad es distinta estructuralmente.

En una serie de estudivs realizados por Retegui
Yy col. encontraron 20 determinantes antigénicos en
la superficie de hGH. Estos trabajos demostraron
que los dominios antigeénicos de hGH estan
localizados en la porcion central de la secuencia.
Estos son 1los residuos aminoacidicos 1 al 32
codificados por el 8segunda exdn. Esta porcidn
interactia parcialmente con 1los residuos 106~-128
codificados por el cuarto exén y con log residuos
155-191 codificados por el quinto exon de hGH (87,
88).

Por otro lado, el grupo Jde Vogel y col,
construydé y expreso en Escherichia coli dos nuevos
andlogos de hGH para determinar las propiedades de
unién a los receptores somatcgénicos y lactogénicos
(89). Uno de 1los andlogos de hGH construidos
contenia una delecidén de slete aminodcides en el
extremo amino-terminal de la proteina, ademds de dos
mutaciones puntuales en las cuales 1la arg en 1la
posicién 8 fué sustituida por metionina (met) y el
aspdrtico (asp) en el sitio 11 por alanina (ala).
El otro anadlogo ademas de cq@ntener 1los primeros 13
aminodcidos de bGH va descritos por estos mismos
autores, contepia una elongacion de los aminoacidos
met y ala en el extremo amino-terminal y una
mutacién puntual qgue condujo a la sustitucidn del
residuo ala en la posicion 11 por asp. Estos
trabajos indican que lcs dominios de hGH
involucrados en la unién a los receptores

- s
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somatogénicos Yy lactogénicos no son idénticos.
Ademds, ©sus resultados sugieren gque el asp en el
gitio 11 encontrada en los GHs de primates vy Pzrls
(no encontrada en GHs de no-primates) no es
importante para la actividad lactogénica en el
biocoensayo de células Nb2., Por otro lado,’
determinaron que los residuos aminoacidicos del B al
13 son definitivamente esenciales para la actividad
de hGH, pero se propone que afectan indirectamente
gu actividad, estabilizando la siguiente parte de la
a-hélice, por lo que la eliminacidon de esta regldn
podria afectar la estructura secundaria de 1la
proteina.

Recientemente, el qgrupo de Uchida y col.
utilizé también mutagénesis dirigida para construir
cuatra mutantes artificiales de hGH {90).
Dirigieron las modificaciones a la regidn central
del lazo localizada en los aminocdcidos 54 a 74
previamente descrita por el grupo de la compaiiia
Genentech (86). Los cambios nuclectidicos
condujeron al reemplazo de la prolina en la posicion
59 6 6l por alanina y a 1la delecidn de los residuos
aminoacidicos 62 al 67 de hGH. Las proteinas
mutantes purificadas mostraron gque 1los residuos 62
al 67 deletados (ver figura 4) son determinantes
importantes para la diferenciacidn de  células
preadipociticas 3T3-F442A haclia adipocitos. Por lo
que se suglere que esta regidn podria ser un
reguerimiente c<omin para la wunidén al receptor
gomatogénico de hGH.
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HIPOTESIS

Las secuencias nucleotidicas de dos de los tres
genes hPL codifican una sola forma madura de la hormona
Yy se desconoce si el tercerc es funcional. Como se ha
detectado gran variabilidad en Jla expresién de estos
genes y aun no se ha demastrade sSu contribucidn a 1la
produccién placentaria de hPL, si analizamos la
expresidén de cada uno de elloa en un modelo in vitro,
determinaremos su potencial de codificacidén vy podremos
identificar secuencias nuclectidicas responsables de
sus diferencias en niveles de expresion.

OBJETIVOS

Ls Desarrollar un sistema eficiente para detectar
productos de expresion derivados de genes
introducidos a células en cultivo.

2. Determinar la expresidon y el potencial de
codificacidn in vitro de los genes hPL.

I Verificar la actividad hiolégica de 1las
hormenas producidas en cultivo celular en el
modelo de diferenciacién adipocitica.
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MATERIALES Y METODAOS

I Enzimas, estuches comerclales, radiolsdtopos,
bacterias y plasmidos.

Obtuvimos las enzimas de restriccion Y
modificacion de las compafias Bethesda Research
Laboratories (Gaithersburg, MD E.U.A.) y New England
Biolabs, (Berverly, MA E.U.A.) Yy para su utilizacién
seguimos las recomendaciones de los fabricantes. Para
la cuantificacidn de hGH por radioinmuncensayo (RIA)
utilizamos un estuche comercial de Diagnostic Products
Co. (Los Angeles, CA E.U.A.). Los nucledtidos
radiactivos [?*P]-adCTP v [®®S]-metionina los
adquirimos de Amersham International {(Buckinghamshire,
Inglaterra). Las cepas de Escherichia cgli utilizadas

fueron HBI01l, RR1 y JMI101. Aungue 1los plismidos
utilizados no ofrecen riesgo alguno para la salud,
trabajamos siguiendo las recamendacliones

internacliconales de los Institutos Nacionales de 1la
Salud en E.U.A. El plasmido pNUT (91) fué obsegquiado
por el Dzr. Richard Palmiter de 1la Universidad de
Washington en Seattle, E.U.A. El gen hGH-N cuyo
aislamiento ya ha sido descrito a partir de un banco de
genes humancos {92), fué donado a nuestros laboratorios
per el Dr. Grady Saunders de la Universidad de Texas en
Houston, E.U.A., mientras que el plasmido pCMVCat fué
un cbsequio del Dr, Hans Hofstetter de 1la compania
CIBA-GEIGY. El DNAc de hPL, fragmento utilizado como
rastreador molecular, fué derivado del plasmido phPL81S
(6). Dicho fragmento presenta un 90% de similitud en
secuenclia con el DNA< de hGH.

ITI Construccidon de moléculas recombinantes.

Los fragmentos de DNA requeridos para 1los
experimentos de clonacidn molecular fueron purificados
a partir de geles preparativos de agarosa o]
poliacrilamida. Esta lo efectuamos ya sea por
electroelucidn ©¢ por la técnica de adsorcidn a vidric
(93).

Realizamos las reacgcliones de ligacion a 16°C por
l8 hen volumenes de 10 a 20 ul. Empleamos una
telacion molar de 3 a 1 del DNA del inserto con

respecto al vector, Precipitames el material 1ligado
con etanol y resuspendimos en TE (10 mM Tris-HCl y 0.1
mM EDTA, pH 7.5). Empleamos este material para

transformar (94) 1las cepas HBl0l o RRI de Escherichia
coli. Aislamos los plasmidos recombinantes a partir de
3 ml cultivo y los sometimos a un analisis rapido con




26

enzimas de restriccidn y finalmente preparamos el DNA
Plasmidico a gran escala (94). Caracterizamos 1los
Plasmidos recombinantes en detalle mediante digestiones
con enzimas de restriccidn diagndésticas, electroforésis
en geles de agarosa y poliacrilamida y andlisis de DNA
tipo Southern (95). Finalmente obtuvimos tres
preparaciones independientes de los DNAs plasmidicos
mediante la técnica de preparacién a gran escala (94)
para asegurar una calidad uniforme de las preparaclones
y evitar variaciones en los experimentos posteriores
donde se introducirian estos a ceélulas en cultivo,

A partir del plasmido pMThGH, recuperamos con la
ayuda de cortes con enzimas de restriccidn un fragmento
de 2.1 Kpb gque contiene, en 1la estructura del gen, la
regién que va desde el sitio BamHI en el nucledtido +2
{es decir inmediato al inicio del RNam) hasta el sitio
EcoRI localizado aproximadamente 600 nucledétidos més
alla de la senal de puliadenilacion. Comu siguiente
paso de la estrategia insertamos este fragmento de
BamHI a EcoRI entre los mismos sitios de la regldn de
sitios multiples de clonacion (SMC} del vector de
expresion pAVEl, dando lugar a pAVElhGH.

Los genes hPL sin sus promotores fueron insertados
en pNUT, al cual se le habian eliminado previamente las
secuencias del gen hGH. Las construccliones se llevaron
a cabo al ligar el fragmento mayor BamHl-EcgRI de pNUT,
con uno © varios fragmentos de DNA conteniende 1los
genes de interés. Las reglones génicas hPL subclonadas
en pNUT, consistieron de las secuencias de estgs genes
desde el sitio natural BamHI (excepto por hPL-1),
ubicado entre el segundo y sexto nucleétida del primer
exdn, hasta el sitio EcoRI natural o artificial {creadeo
en el extremo 3' del gen hPL-1, con la ayuda de
enlazadores moleculares) localizadoc varios cilentos de
pares de bases mas alld del sitio de poliadenilacidn de
los genes.

Construimos plasmidos recombinante hibridos entre
los genes hGH-N, hPL-3 y hPL-4. Realizamos una
digestion con las enzimas de restriccidn BamHI y EcoRI
de los plasmidos pNUT, pNUThPL-3 Y pPNUThPL-§,
recuperamos los fragmentos correspondientes a los genes
hGH-N y hPL-3 y el vector pNUT(-). Posteriormente
digerimos los génes hGH, hPL-3 y hPL-4, can la enzima
Sacl y obtuvimos dos fragmentos de cada gen. Los
fragmentos mds pequefios contienen el primero y sequndo
exones de los genes y 1los mas grandes contienen los
dltimos tres exones de los genes. Ya que obtuvimos los
fragmentos reallizamos las siguientes ligaciones:
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vector pNUT de 5247pb con el fragmente BamHI-Sacl de
hPL-3 de 582pb que contiene 1los dos primeros exones y
con el fragmento SacI-EcoRI que contiene los ultimos
tres exones de hGH. El1 producto de esta ligacidn fue
denominado: GH{PL-3:1,II).

vector pNUT con el fragmento BamHI-SaclI de hPL-4 y el
fragmento SacI-EcoRI de hGH. El plasmido recombinante
fue llamado: GH(PL-4:I,II).

vector pNUT c¢on el fragment¢ BamHI-SacI de hGH y el
fragmento SacI-EcoRI de hPL-4. El pldsmido
recombinante obtenido fué denominado: PL-4(GH:I,II}.

IIT Cultivo celular, expresidn transitoria y marcaje
de proteinas secretadas.

Las cé€lulas COS-7 de rindn de mong donadas por el
Dr. Tien Kuo de 1la Universidad de Texas en Houston,
E.U.A, fueron adaptadas a crecer en medio Eagle
modificado por Dulbecco (Sigma Chemical Co., St. Louis
MO) conteniendo 5% y 1% de suero fetal de ternera (SFT,
HyClone Laboratories, Inc., Logan UT E.U.A.). El
mantenimiento y propagacidon de las células se realizd a
37°C en atmdésfera hiuimeda conteniendo 5% de CO,.

Expusimos 3 X 10° células C05-7 a 7.5 ug de DRA
pPlasmidico preparado como precipitade fino por la
técnica de fosfato de calcio (86). Evaluamos 1la
eficiencia de transfeccidn en cada experimento usando
el ensayo (97) de cloranfenicol acetil transferasa
(CAT). Este ensayo lo practicamos en extractos de
células cotransfectadas can los plasmidos de interés y
el plasmido pCMVCat (98).

Para marcar las proteinas sintetizadas de novo
transfectamos las células COS-7 y 48 h después
sustituimos el medio de cultivo inicilal por medio libre
de metjonina conteniendo 13 de SFT dializado Y
metionina marcada con [278] {Amersham Intl.,
Buckinghamshire, Inglaterra). Agregamos 12.5 & 25
microcuries (uCi) de [?*®S)|-metionina por ml de medio de
cultivo y continuamos la incubacicén por 4 h mas. Para
el andlisis electroforético de proteinas marcadas
radiactivamente precipitamos las proteinas del medio
con cuatro volimenes de acetona fria, determinamos su
concentracién por el método de Bradford (99) y las
resuspendimos en amortiquador para electroforesis
(100). Desnaturalizames las proteinas, por ebullicién
durante 2 min en presencia de SDS y B-mercaptoetancl vy
enseguida las sometimos a electroforesis en geles
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discontinuos de poliacrilamida-sSDS de 5% y 13%,
Colocamos los geles sobre papel filtro Whatman 3IMM Yy
secamos al vacio por 1 h a €60°C. Una vez secos, los
expusimos & peliculas ultrasensibles de rayos X por
tiempos variables a temperatura ambiente
(autorradiografia).

Las cuantificacienes de hGH se realizaron mediante
RIA empleando el estuche comercial anteriormente
descrito. Medios de cultivo o extractos celulares
fueron diluidos y procesados, wusando el protocola
incluido con el estuche, con las modificaciones
brevemente descritas a continuacidn: se disminuyo el
volumen de reaccidon a la mitad y se aumentd el tiempo
de incubacion de 60 a 90 min en la primera fase de
incubacion y de 60 a 75 min en la segunda.

IV Aislamiento de RNA, hibridacién en linea "slot
dot" e hibridacidn tipo “"Northern™,

Recuperamos 1leos RNA totales de las células
transfectadas por el método de 1sotiocianato de
guanidina-fenol-cloroformo (101). Colectamos las
células 48 h después de la transfeccidn y aislamos los
RNAs totales por el metodo mencionado anteriormente.
Posteriormente desnaturalizamos los RNAS Y las
geparamos en un gel agarosa-urea-idacido al 5% para
analizar su integridad.

Cuando reallzamos estudieos de hibridacldn en linea
"slot dot" depositamos por duplicado 3 wug de 1los
diferentes RNAs desnaturalizados en una membrana de
nitrocelulosa previamente colocada en el ensamble del
sistema "vacusystem". Horneamos 1las dos tiras de
nitrocelulosa con los diferentes RNAs e hibridamgs
estas con la sonda previamente marcada radiactivamente
por el método de oligonucleotidos al azar (102).
Utilizamos como sondas o rastreadores moleculares el
DNAc de hPL y el DNAc de DHFR obtenido del pldsmido

PNUT. Este dltimo fue wutllizado como un reportero
interno para estandarizar las eficiencias de
transfeccion en los diferentes experimentos. Ademas,

para validar los resultados tomande en consideracidn
variaciones en la eficlencia de transfeccion,
cuantificamos la cantidad de sonda DHFR hibridada y lcs
valores obtenidos los usamos para normalizar las
cantidades de RNAs depositados en un nuevo experimento.

Para el andlisis de RNA tipo "Northern"
desnaturalizamos los RNAs mediante gqlioxilacidn, los
separamos por electroforésis en geles de agarosa de
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acuerdo a su tamano (103) y 1los transferimos por
capilaridad a membranas de nitrocelulcsa (104). Las
prehibridaciones, hibridaciones, lavados Y
autorradiografias de los filtros las realizamos usando
técnicas estdndares (95).

V Bioensayv de hGH en el modelo de diferenciaclén
adipocitica.

Se cultivaron células 3T3-F442A como preadipocitos
en medio esencial minimo de Eagle (MEM) moadificado por
Dulbecco y suplementado con 5 pg/ml de insulina, 107 °M
de biotina y una mezcla de 5% de suerc de gato con 0.5%
de suero de ternera. Para el ensayo se disgregaron las
células en crecimiento exponencial con una solucidn de
tripsina al 0.1% e inocularun en cajas de 35 mm de
diametro. Las c¢élulas se cultivaron en el nedio no
adipogenico anteriormente descrito y cuando estuvieron
confluentes reemplazamos éste por el medio defimitive
de conversian {(1905).

La actividad adipogénica de las proteinas quimeras
se analizd cuande agregamos, al medio no adipogénicc de
fibroblastos 3T3, un 30% del medio de las ceélulas COS-7
transfectadas c¢on los plasmidos recombinantes. Este
altimo contenia las proteinas quimeras producidas por
las celulas C0S-7 transfectadas con los plasmidos
recombinantes hibridos. Utilizamos como testigo
negativo e] medio de las células que no secretaron hGH
porque fueron transfectadas con el vector pNUT(-), el
cual carece de secuencias codificantes para la hormana
Y coma testigo positivo el medio de las células
transfectadas con el plasmido pNUT gue contiene
secuencias para hGH. 7 dias después de agregarles el
medic definitivo de conversidén, 1las células fueron
fijadas y tefiidas con el colorante rojo oleoso O para
determinar 1la acumulacidn de 1lipidos. Posteriormente
cuantificames el npamero de agrupamientos de células
adiposas y determinamos el porciento (%) de conversion
adipocitica (figura 5A).

Por otro lado, tambieéen introdujimos los plasmidos
recombinantes en 1los fibroblastos 3T3 (ver figura 5R)
per la técnica de co-precipitaciéon con fosfato de
calcio-DNA (96). Posteriormente 7 dias después
determinamos el % de conversion adipocitica como ya
describimos en el parrafo anterior.
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Figura 5. Bioensayo de hGH en el modelo de conversiodn
adipocitica. En €l diagrama se mwmuestra la conversidn
adipocitica de las hGHs recombinantes producidas por
las células cos-7 y adicionadas a cultivos de
preadipocitos 3T3 (A) vy de las hGHs producidas
directamente por las células preadipociticas
transfectadas con los pldsmidos recombinantes (B).



31
. .« RESULTADOS . - "

I. Adaptacion de un modelo in v1tro para la
. expresiéon y anadlisis funcional de hGH.

A Construcciodn ‘de un vector para la expre81on de
' hGH en cultivo celular.

¢ niciamos nuestra trabajo &con el vector de
,expresion PAVEl previamente construido « en nuestro
" laboratorio por Ramiro Ramirez Solis (106). Este
vector posee una gran versatilidad para insertar vy
colocar regiones estructurales de genes bajo el
control transcripcional de la potente unidad
promctor-potenciador del RCMV, Decidimos probar la
hakbilidad de este vector para expresar genes de
mamiferos, optamos por usar la regidn estructural
del gen cromosomico hGH-N (conteniendo aun los
intrones), el cual ya ha sido probadeo y propuesto
como un excelente gen de referencia para estudios de
expresidén transitoria de genes (50). Procedimes
como se llustra en la figura 6. En esta fiqura se
muestra que a partir del plasmido PMThGH,
recuperamos con la ayuda de cortes con las enzimas
de restriccién BamHI y EcoRI un fragmento de 2.1 Kpb
que comprende, en la estructura del gen, la regidn
que va desde el nucledtldo +2 (es decir inmediato al
inicio del RNAm ) hasta aproximadamente 600
nucledétidos més alld de la senal de poliadenilacidn,
Como siquiente paso de la estrategia, insertamcs
este fragmento BamHI-EcoRI entre los mismos sitlos
de 1la regidn de SMC de PAVEl, dando 1lugar a
PAVEL1hGH.

Una vez que obtuvimos el plédsmido recombinante
PAVE1hGH; caracterizamos éste con enzimas de
restriccién diagndsticas y realizamos la preparacién
de su DNA & gran escala., Obtuvimos el DNA de buena
calidad Y en cantidad suficilente para los
experimentos posteriores con células en cultivo.

El DNA del wvector pAVELhGH fué introducido
transitoriamente a celulas C0S-7 en cultivo mediante
el método de co-precipitacidén con fosfato de calcio.
48 h mas tarde cuantificamos mediante RIA 1a
produccion de hGH por las células transfectadas,
Este analisis fué practicadeo tanto en el medio
intracelular como en el extracelular de 1las células
transfectadas. Encontramos en el medico extracelular
de las células transfectadas 1.2pg de hGH/caja de
cultivo de 75 cm® lo que correspondidé a un 98% del
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Figura 6. Egstrateqia para la construccion del vector
de expresiGn pAVELhGH. Los fragmentos aislados a
partir de 108 plasmidos pMThGH {(C) y pAVEl (D) fueron
ensamblados en (F) para dar lugar a PAVE 1hGH.
Kilopares de bases esta representada coma Kb,
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total de hGH producida por las células COSs-7
transfectadas.

B Seleccidn del vector de expresidon mas
eficiente.

Para asegurarnos de emplear el vector de
expresion més eficiente a nuestro alcance para la
expresidon de genes eucaridticos en cultivag,
comparamos la eficiencia de expresion de hGH del
vector PpPAVE en relacidon con otros vectores que
poseen elementos de c¢ontrxol transcripcionales y gue
son comunmente utilizades.,

Transfectamos células COS-7 con los DNAs de las
construccianes quiméricas de interés: pSvgpthGH,
pMThGH, pNUT vy pAVELhGH (ver figura 7). Estos
vectores contienen los sigulentes elementos de
regulacidén: en el caso del pSVgpthGH, el gen hGH se
encuentra bajo el control de su propio promotor
natural (P) y de una copia de potenciador o
"enhancer'" del virus §V40. En PpPMThGH, el gen
estructural hGH se encuentra fusionado al promotar
de la metalotioneina de rata (MT). PpNUT contiene el
promotor de MT asi como el potenciador de SvV4Q para
expresar hGH. Finalmente pAVELhGH, como ya
describimos anteriormente, contiene el promotor-
potenclador de hCMV dirigiende la expresion de hGH.

Cuantificamos mediante RIA la cantidad de hGH
secretada al medio de cultivo por las células
transfectadas con cada uno de estos plasmidos
recombinantes. En estos experimentos detectamos por
RIA los niveles més altos de expresién en las
células COS-7 transfectadas con los plasmidos pNUT y
PAVELhGH (ver figura 8). Por 1o que selecclonamos
estos dos vectores de expresidon para los estudios
subsecuentes.

C Expresidn de 108 DNAcs de hGH en cultivo
celular.

Por otro lado, confirmamos la seleccion
anterior cuando analizamos la expresidén de los DNAcs
de hGH. Los DNAcS de 1l1las hGHs de 20 y 22KDa fueron
obtenidos en nuestro laboratorio mediante clonacidn
preferencial por Diego E. Rin¢dn Limas (107). Estos
minigenes fueron 1insertades en el vector de
expresién pAVEZ (108) por Luis E. Alvidrez Quihui
{109} .
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p AVEhGH
4.9 kb

Figura 7. Estructura de los vectores de expresion de
hGH. Todos los vectares de expresidn, con excepcidn de
PSVgpthGH contienen el gen hGH sin su promotor natural
fusionade a los diferentes elementos de control
transcripcional indicados.
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Fiqura 8. Expresidén transitoria de hGH en células COS-
7 transfectadas con las diferentes vectores de
expresioén. Introdujimos los plasmidos recomblnantes en
células COS-7 mediante la técnica de co-precipitacion
de fosfato de calcio-DNA. 48 h después cuantificamos
medliante radicinmunoensayo la secrecion de hGH al medio
de cultivag, Los valores de hGH corresponden al

promedio Yy desviacion estandard de tres experimentos
independientes.
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Para analizar 1la expresién de estos DNAcs
procedimos a 1ntroducirlos a 1las células COS-7 en
cultivo. Utilizamos los plasmidos que contenian lcs
nuevos minigenes hGH 22KDa (pAVEhGH22ZK) y hGH 20KDa
(pAVEhGH20K), asi como el DNA de plasmidos testigos
pPpAVEl y pAVE1hGH. 48 después recuperamos los medios
de cultiva de las células C0S-7 transfectadas con
los diferentes vectores de expresién. Los valores
de RIA para hGH detectados en estos experimentos se
muestran en la tabla 1I; los valores de hGH
secretados por las celulas transfectadas con
pAVEhGH22K promediaron 1259 ng por frasco de cultivo
de 75 cm® de superficie. En el caso de pAVEhGH20K
estos promediarcn 41 ng. Esta marcada diferencia en
valores de hGH determinados mediante RIA no la

esperabamas ¥ despues de confirmar su
reproducibilidad, nos propusimos encontrarle
explicacion.

Decidimos entonces realizar la deteccion de las
proteinas hGH22KDa y hGH20KDa expresadas vy
secretadas al medio en los experimentos de
transfeccidn,

Tabla [ . Expresién transitoria de hGH
en células COS-7 transfectadas.

Plasmido P‘rodEccic'm de hGH®
transfectado X * DS,

PAVE 2 23 X 2.0

PAVELhGH 1252.0 * 169.0

PAVEhGHZZK 12588 % 1583

PAVEhRGHZ20K 411 * 234

X Los valares son en ng de hCH por Erasco de cultivo de 75 cn

abtenidos mediante RIA en alicuotas de los medigs y curresponden

al prowedio (X)) y desviacidn estandawr (P.5.) de tres exporinentos
independientes.

D Deteccidn de las hGHE secretadas por las
células COS-7.

Primero realizamos los experimentos para
detectar las proteinas sintetizadas de novo por las
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células transfecdtadas. Para e€llo, marcamos ¢an
[®®S]-metionina las proteinas sintetizadas de novo
por las células transfectadas con el plasmido pNUT.
En la figura 9 se muestra el autorradiograma de un
experimento de expresion transitoria dande
utilizamos concentraciones de 25uCi y 50uCi de
metionina marcada con 22S. Una banda nueva, ausente
en el medio de las células transfectadas con el
vectar solo [carril (-)] aparecid en el medio de las
células transfectadas (carriles marcadas con 25uCi y
$0uCi). Esta nueva banda migrd en la posicidn
egperada para la hGH purificada de hipofisis
humanas. Ademds, detectamos una segunda banda de
menor intensidad y tamafio (20KDa), la cual también
comigrd con la forma variante de hGH menos abundante
en la hipdfisis. Estos resultadea cumplieron
nuestro objetivo inicial de visualizar proteinas
secretadas derivadas de genes transfectados mediante
marcaje can 25 y 50 pCi de [®®s]-metionina. <Como en
amkos casos obtuvimes buenos resultadeos utilizamos
1a concentracidn menor.

Una vez que implementamos los experimentos para
visualizar las proteinas sintetizadas de novo,
evaluamos la expresidn de las hGHs del 22KDa vy
20KDa. Para ello, realizamos transfecciones con los
minigenes hGH 20KDa y 22KDa vy llevamos a caba el
marcaje de proteinas con [®°S]-metionina.
Posteriormente analizamos las proteinas secretadas
por las celulas CQs-7 transfectadas mediante
electroforesis en gel de peoliacrilamida-SD§ ¥
autorradiografia. La figura 10 muestra tanto la
proteina hGH22KDa <¢omo 1la hGHZ0KDa c¢on seriales
autorradiograficas especificas y con diferencias en
abundancia mucho menores que las detectadas por el
RIA. Los resultados anteriores confirmarcn nuestra
sospecha referente a la ineficiente deteccidn inmune
de la variante de hGH 20KDa por el anticuerpo
especifico para hGH 22KDa.

E Actividad adipogénica de las hGHs recombinantes
producidas in vitro.

Ademas, verificamos, la actividad funcional de
las hGHs recombinantes producidas in vitro en el
meodelo de diferenciaciodn de fibroblastos
preadipociticos de la linea celular 3T3-F442A hacia
adipacites (10S5).

Cuando agregamos alicuotas del medio de las
c€lulas transfectadas con pAVE1lhGH al medio de
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Figura 9. Deteccién de proteinas secretadas por las
células transfectadas. Analizamos los medios de cultivo
de las células COS-7 transfectadas mediante
electroforesis en gel de poliacrilamida-SDS b
autorradiografia para determinar la presencia de

proteinas radiactivas secretadas. Las proteinas
sintetizadas de novo fueron marcadas radiactivamente
usando 25 6 50pCi de [®®S]-metionina. La

autorradiografia muestra la presencia de dos nuevas
bandas (flechas) presentes en el medio de cultivo de
las células COS-7 a las que les introdujimos el
plasmido pNUT (carriles marcades 25 y 50uCi). El
testigo negativo [(-)] correspondié al medio de las
células transfectadas con el derivado del plasmido pNUT
al que se le elimindé la regidén codificante para hGH.
El tamafio de las proteinas hGH se indica en KDa (K).
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Fiqura 10. Deteccién de las hGHs de 20 y 22KDa en el
medio de las células COS-7 transfectadas con los
plasmidos recombinantes. Realizamos un marcaje con
[®®Ss]-metionina de las proteinas secretadas por las
células COS-7 transfectadas. La autorradiografia
muestra la presencia de dos nuevas bandas (flechas)
presentes en el medio de las células transfectadas con
el vector PpAVE2, conteniendo ya sea el gen (pAVEhGH),
el DNAc de hGH 22KDa (pAVEhGH22K) o el DNAc de hGH
20KDa (pAVEhGH20K) . Estas nuevas proteinas se
encuentran ausentes en el medio de las células a las
que se les introdujo el vector solo (pAVE2). El tamarno

de las proteinas hGH se indica en valores de KDa
ensequida de las flechas (K).
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cultive de los preadipocitos, una fracclan
significativa (65%) de ellos, se diferenciaron hacia
adipocitos. El medio de las células COS-7
conteniendo la hGH 22KDa mostro un 100% de
conversion adipocitica. Ademas, céelulas 3T3
suplementadas con el medio conteniendo la hGH 20KDa
alcanzaron un 66.4% de conversidén adipocitica. El
medio de las células transfectadas unicamente con el
vector (pAVEl) no indujo este paso de diferenciacidn
a niveles mayores a los que se consideran de fondo o
no significativos (ver tabla II).

Tabla [I. Conversion adipocitica de las hGHs
secretadas por las cé&lulas COS-7 transfectadas

Plasmido Conversién adipocitica ¥
transiectado <%
= 0.0 x 126
PAVEL 00 & 17
PAVELRGH2ZK 100.0 * 11.5
PAVEhGHZ0K 66.4 £ 45

= Los valares copresponden &l promedio y
desviacion sstandard de tres experimentos
independientes.

Las evidencias antericres demuestran que las
hGHs de 22KDa y 20KDa secretadas por las células
CO0s-7 fueron capaces de inducir 1la conversidn
adipocitica de los fibroblastos preadlpoc1ticos T3,
aungue a niveles diferentes.

Los resultados gque obtuvimos en esta sub-
seccidén fueron utilizados para la publicacidon del
articulo: New vectors for the efficient expression
of mammalian genes and their complementary DNAs in
cultured cells. Ademas, alqunos de estos resultados
fueron incluidos en la revisidn: The human placental
lactogen and growth hormone multigene family y en el
articulo que fué sometido a publicacion en
Biochemical Biophysical Acta: Functional expression

of human pituitary growth hormone complementary DNAs
(ver anexo A).



41
I Potencial de codificacidén in vitro de los genes hPL.

Una vez que desarrollamos el modelo experimental
que nos permitido cuantificar la expresidn funcional de
hGH in vitro, 1o utilizamos para determinar la
expresién de los genes hPL.

A Construccldon de una nueva serie de vectores
para la expresion de los genes hPL.

Las secuencias estructurales de todos los genes
hPL #in sus promotores naturales fueron insertados
en el vector de expresion pNUT previamente
seleccionado en la seccidén anterior. Para realizar
esto, reemplazamos las secuenclas del gen hGH-N en
PNUT, por aguellas correspondientes a los genes hPL.
Todos los genes de la familia hGH-hPL excepta hPL-1
puseen un sjitio BamHI dunicu entre el segundo ¥y
séptimo nucledgtido del lnicio del gen. Este sitio
facilitd la transferencia de los genes hPL a pNUT.
Para proveer a hPL-1 con este sitio BamHI
conveniente para las manipulaciones, Ramiro Ramirez-
Solis en trabajos previos en nuestro laboratorio
realizd la construccidn de un gen hibrido entre hPL-
1 y hPL-3 (111). Este nuevo gen consistid del
primer exén, primer intrdn y parte del segundo exon
del gen hPL-3 y posee intactas las secuenclas hPL-1
desde el sitio Pvull, en el segundo exdn, hasta el
sitio EcoRI, al final del gen. Las nuevas
secuencias al inicio del gen hPL-1, solo difieren de
las secuencias naturales en las posiciones
aminoacidicas +10 ¥y +11. Estas diferencias
representan cambics de un residuc de acido aspéartica
Yy otro de histidina en hPL-1, por residuos de lisina
Yy écido glutédmico en hPL-3, respectivamente. Por lo
que utilizamos este nuevo gen en lugar del gen hPL-1
natural.

Una vez que obtuvimos todos los plasmidos
recombinantes con los genes hPL, caracterizamos sus
DNAs mediante digestidn con enzimas de restriccldn
diagndsticas vy reallzamos una hibridacion de DNA
tipc Southern (94). En la figura 11 mostramos la
anatomia molecular de los nuevos plasmidos, asi como
sus patrones de hibridacidn con la sonda radiactiva
especifica para los genes hGH y hPL (6). Todos los
patrones de restriccion resultaron como esperabamos
Y solo 1lags fragmentos conteniendo los genes
hibridaron con 1la sonda homéloga. Con lo anterior
corroboramos la identidad de los diferentes genes de
la familia hGH-hPL en el vector pNUT.
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Figura 11. Construccidén de los plasmidos de expresion
para los genes hGH vy hPL. En este diagrama
esquematizamos @ la organizacidn y mapa de los plasmidos
de expresion (A vy B). Para subclonar la region
estructural de los genes en pNUT (A), reemplazamos la
regién hGH-N por la misma region de los otros genes.
La digestion con las enzimas de restriccidon BamHI y
EcoRI (C) asi como la hibridacién molecular con la
sonda de hPL marcada radiactivamente (D) confirmaron la
identidad de los nuevos plasmidos hibridos. En CyD
los carriles contienen: 1, PpNUT; 2, pNUThGH-V; 3,
pNUThPL-1; 4, pNUThPL-3; y 5, pNUThPL-4. M corresponde
a marcadores de peso molecular representados en kpb,
(kbp). Los tamafios de las bandas que hibridaron con la
sonda estan indicados en kpb (kbp) a la derecha de D,
utilizamos el gen hPL-1 hibrido entre el gen hPL-3 y el
hPL-1 (B) en lugar del gen hPL-1 natural. pNUThGH-V no
fue empleado en este estudio. DHFR indica la unidad
transcripciconal para la dihidrofolato reductasa. SVpe
representa al promotor-potenciador "enhancer" de SV40.
MTp sefiala al promotor de la metalotioneina. B=BamHI ;
P=Pvull; S=Sacl y E=EcoRI. Los exones se indican con
numeros romanos y los intrones con linea doble.



43

B. Expresidon de proteinas por los genes hPL.

Transfectamos ¢élulas COS-7 con los plasmidos
recombinantes recién construidgs y analizamcs la
secrecion de proteinas marcadas radiactivamente. La
autorradiografia en la figura 12 reveld una vez mas
que las células transfectadas con DpPNUT (carril
marcado como hGH-N) secretan ambas formas de hGH, 22
y 20KDa. Estas bandas se encontraron ausentes en el
testigo negativo [carril marcado como (-)]. El
carril que contiene las proteinas de células COS-7
transfectadas con PNUThPL-1 (carril marcado como
hPL-1) no mostrd bandas de intensidad y tamafio
similares a hGH-N. Par otra lade, el medio de las
células transfectadas con pNUThPL-4 (carril hPL-4)
mostro una banda caracteristica pero menos
prominente gue la de 22KDa de hGH, pero de tamano
ligeramente mayor (  25KDa). Finalmente, la Gnica
banda que cbservamos en el madio de células a las
que se les introdujo pNUThPL-3 (carril PL-3) fue del
tamano de hPL-4, perc su intensidad fue mayor,
equivalente a la banda de hGH 22KDa.

el Produccidn diferencial de proteinas por 1los
genes hPL-3 y hPL-4.

Primerc corroborames la expreslon diferencial
de 1los genes hPL-3 y hPL-4 en nuestro modela de
cultivo celular (figura 13B). Posteriormente,
construimos recombinantes hibridos entre hGH y hPL
para analizar la expresion de los genes hPL-3 y hPL-
4 (figura 1337). Detectamos diferencias en la
abundancla relativa entre las proteinas quiméricas
entre hPL-3/hGH versus hPL-4/hGH, expresadas por los
genes hibridos correspondientes, De la misma forma
que con los genes hPL neo hibridos, observames menos
proteina cuando 1las secuencias de los primercs dos
exones provienen de hPL-4 que cuando estas provienen
de hPL-3. Estos resultados se muestran en la figura
13B en los carriles GH (PL-3:1I,II) y GH (PL-4:I1,II).

Por otro lado, en la construccidn reciproca,
donde los Gltimos tres exones fueron del gen hPL-4 y
los primeros dos de hGH-N (figura 13a), la
intensidad de la banda correspondld a aguella de hGH
[Eigura 13B: carril PL-4(GH:I,II)]. Por lo tanto,
la abundancia relativa de las proteinas naturales o
quiméricas hGH-hPL dependid de los dos primeros
exones, en nuestro modelo in vitro de cultivo
celular.
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Figura 12. Produccioén in vitro de proteinas secretadas
derivadas de 1los genes hPL. Analizamos mediante
electroforesis en gel de poliacrilamida-SDS Yy
autorradiografia el medio de las células COS-7
transfectadas con 1los plasmidos indicados en cada
carril e incubamos en presencia de [®*®S]-metionina. El
simbolo (=) identifica al medio de células
transfectadas con el vector solo pNUT(-). Los tamanos
de las bandas hPL y hGH caracteristicas se indican en
KDa (K).
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Figura 13. Diversidad en tamafio y abundancia de las
proteinas codificadas por los genes hGH y hPL. Los
genes recombinantes hibridos entre hGH y hPL que
utilizamos en estos experimentos son mostrados en (A)
para un mejor seguimiento y claridad de los resultados.
El autorradiograma como en las figuras anteriores
muestra el andlisis de proteinas radiactivas secretadas
por las cé&lulas COS-7 transfectadas. Cada carril
corresponde al medio de células transfectadas con los
plasmidos conteniendo los genes indicados arriba (B).
Las bandas nuevas se sefialan con flechas y su tamaiio
también se muestra en KDa (K).
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D. Origen transcripcional de la expresidn
diferencial de los genes hPL-3 y hPL-4.

Decidimes analizar si las diferencias en
expresién de 1las genes hPL-3 y hPL-4 detectadas
también se presentan a nivel de transcripcidn. Para
realizar esto, aislamos los RNAs totales de las
células transfectadas, por el métoda de
isotiocianato de gquanidina e hibridamos éstos con la
sonda hPL marcada radiactivamente, En los analisis
de los RNAs tipo "Northern" detectamos diferencias
evidentes en los niveles de expresidén de los RNAs
obtenidos de las células transfectadas con hPL-3 y
hPL-4 (ver figura 14). Para validar los resultados
obtenidos tomamos en consideracidon las variaciones
en la eficiencla de transfeccidon en cada caja de
c€lulas COS-7 transfectadas. Para ello evaluamos
Simultaneamente la expresidén del gen DHFR presente
en el mismo plasmido (testigo interno). Tomando en
consideracion lo anterior analizamos la expresion
diferencial de los genes hPL-3 y hPL-4 mediante
hibridacidon en linea "slot dot". Colocamos los RNAs
de las celulas transfectadas por duplicade en tiras
de nitrocelulosa e hibridamos estas
independientemente con las sondas de hPFL y DHFR
previamente marcadas radiactivamente. Utilizamos la
sonda DHFR como referencia para estandarizar las
eficiencias de transfeccidén en los diferentes
experimentos. Los valores obtenidos en las tiras de
RNAs hibridadas con la sonda DHFR fueran utilizados
para normalizar las cantidades de RNAs que se
depositarcn en otro experimento donde carregimos las
diferencias en eficiencias de transfeccidn
detectadas. En ¢l autorradiograma de la figura 15
se muestra que logramos normalizar y tener una senal
canstante ¢cuando hibridamos con la sonda radiactiva
DHFR y senales notablemente diferentes para el caso
de la sonda de hPL. Cuantificamcos las diferencias
de expresidn mediante espectofometria de centellec
liquido y detectamos una disminucidn de ocho veces
en la expresidn de los RNAs de hPL-4 en relacidn a
los de hPL-3. Con lo anterlor demostramos gque la
expresidn diferencial entre las proteinas hPL-3 ¥y
hPL-4, depende cuando menos en parte de diferencias
en los niveles de los RNAs correspondientes.

E Efecto de la mutacion al inicio del segqundo
intrén de hPL-1 en la produccion de proteinas.

Analizamos también el efecto de la mutacidn del
intrén de hPL-1 en la produccidn de proteimas. Nos
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Figura 15. Analisis de la expresién diferencial de los
genes hPL-3 y hPL-4 mediante hibridacién en linea "slot
dot". 3 'pg de los RNAs que obtuvimos de las células
transfectadas con 1los plasmidos recombinantes pNUT
conteniendo 1los genes hPL-3 vy hPL-4 fueron hibridados
independientemente con 'sondas de hPL y DHFR previamente
marcadas radiactivamente. En la autorradiografia
mostramos que logramos normalizar y tener una sefial
constante cuando hibridamos con la sonda radiactiva
DHFR y sefiales notablemente diferentes para el caso de

sonda de hPL. Cuantificamos las diferencias de

expresidén mediante espectrofotometria de centelleo
liquido.
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basamos en trabajos previos realizados en nuestro
labgratorio por Ramiro Ramirez-Solis (106), gque
iniciaron leos estudios a nivel de RNA para probar si
la mutacidn al inicio del sequndo intrén del gen
hPL-1 era la lnica causa de su aparente inactividad.
En estos experimentos se intercambiaron las
secuencias nucleotidicas que incluyen el borde entre
el segundo ex0n y segundo intron de los genes hPL-1
y hPL-3. Estas secuencias estan flanqueadas por los
sitios Pvull y Sacl localizados 30 pb al 3' y 86 pb
al 3' del sitio mutado, respectivamente. L0Os nuevos
genes fueron denominados como hPL-1r y hPL-3m, "r“
por reparada y "m" por mutado.

Para determinar 1la expresidn de esos genes
hibridos, log insertamos en el vector pNUT.
Introdujimos tanto los genes hibridos como 1los no
hibridos a células COS$-7 en cultivo. La figura 16B
muestra los resultados que obtuvimos con el analisis
de proteinas marcadas en las células transfectadas.
Como se puede apreciar en los carriles PL-3 Yy GH,
detectamos facilmente bandas de prateinas can los
tamafios esperados en 1los medios de células
transfectadas ya sea con pNUThPL-3 © pNUT. Sin
embargo, el medio de c¢élulas a las que les
introdujimos pNUThPL-1 (carril PL-1) o pNUThPL-3m
{(carril PL-3m) no mostraron bandas distintas a las
del testigo negativo. Por lo tanto, aun después de
reparar €l gen hPL-1, no pudimos observar la
expresidén de wuna nueva banda proteica (carril PL-
1r) . Interesantemente, la introduccidn de 1la
mutacidn del segundo intrdn de hPL-1, al gen hPL-3
inactivé la expresidn de este Gltimo (carril PL-3wm).

Corroboramos los resultadeos anterilores cuando
construimos recombinantes hibridos entre hGH y hPL
(figura 16A) e introdujimos estos a células COS-7.
La expresidon Yy secrecidén del recombinante GH(PL-
3:1,I1} wmostrd una banda praominente parecida en
tamano e intensidad a la obtenida con el gen hGH
(ver figura 16B). Pero con €l recombinante que
contiene la mutacidn GH(PL-3m:I,II) no detectamos
banda prominente |[figura l16B:carril GH(PL-3:1I,II)].,
En el caso del recombinante GH(PL-3:I,II) también se
produjo, al igual que con hGH, la segunda banda
{20KDa} de mener tamano e intensidad. |\ Con esto
demostramos que en su forma de gen hibrido, también
funcionan las secuencias del gen hGH-N responsables
de la via alternativa de procesamiento del RNAm gque
codifica para la forma de hGH 20KDa.
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Figura 16. Efecto de la mutacion al inicio del segundo
intrén del gen hPL-1 sobre la produccién de proteinas
secretadas. Los genes hibridos descritos en (A) fueron
construidoes al unir, a través del sitio dnico Sacl en
el segundo intrdén, los primeros dos exones de los genes
hPL-3 (natural) y hPL-3m (mutado) con los Gltimos tres
exones del gen hGH-N. Medios de cultivo de células
transfectadas con los diferentes genes hibridos
(indicados arriba) fueron analizados para determinar la
presencia de proteinas radiactivas secretadas (B). Las
flechas indican el tamano en KDa (K) de las nuevas
proteinas originadas por los genes introducidos
transitoriamente.
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F Diferencias aparentes en los tamanos de hPL y
hGH producidas por lcs genes.

Los resultados anteriores muestran que mientras
gque el gen hGH-N oxigina en . nuestras condiciones
elactroforéticags una banda de proteina abundante con
un tamafio de 22KDa, los genes hPL-3 y hPL-4&
expresan proteinaa de tamafioc ligeramente mayor ( 25

KDa). Esta diferencia en tamaiio también 1la
observamos con las proteinas naturales extraidas de
los tejidos correspondientes, por lo que

investigamos cual era la causa de tal heterogeneldad
en tamarnio. Analizamos la expresion de los genes
hibridos construidos, cuando 108 introdujimos a
células COS-7 en cultivo. El gen hGH con los
primercs dos exones de hPL-4 [GH(PL-4:I,II)] dié
origen a una proteina que se comportaba como hGH
[ver figura 13B: carrll GH(PL-4:I1,II)]. Por otro
lado el gen hPL-4 con los dog primeros excnes de
hGH-N [PL-4(GH:I,II)] produjo una banda del tamano
de hPL [ver figura 13B; carril PL-4{GH:I,II)].

Este observacién también fué detectada cuando
llevamos a cabo 1log experimentog del intrdén mutado
de hPL-1l y cuyos resultados fueron mostrados arriba
en la figura 16. En esos experimentos utilizamos un
gen hibrido hPL-3/hGH-N {carril GH{PL-3:I,II)] como
testigo positivo, para evaluar la expresion del gen
GH(PL-3m:I,II). Como sSe aprecla en el carril
marcado como GH(PL-3:I,II), la proteina secretada
derivada de este gen hibrido presentdé caomo hGH, el
tamano de 22KDa por lo que se refiere al tamano (22
KDa).

Los resultados que obtuvimos en los
experimentos descritos en esta sub-seccion fueron
utilizados para publicar el articulo: Coding
potential of transfected human placental lactogen
genes y  fueron incluidos en la revision:
Transcriptional regulation of human placental
lactogen genes (anexo Bj.

III Diseccidn in vitro de los genes hPL mediante
mutagénesis por DHA homoldgo.

Para cuantificar la expresidén diferencial de los
genes hPL descrita en la seccldén anterior disefiamos una
estrategia que denominamos "Mutagénesis por DNA
homélogo". Esta estrategia consiste en insertar las
regiones de interés de algin gen homélogo en el
contexto del gen que codifica para hGH. Para realizar
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€sto nos basamos en la alta similitud existente en las
secuencias aminocacidica y nucleotidica de hGH y hPL,

A Diferencias cuantitativas en 1la expresidn de
log genes hPL-3 y hPL-4,

Utilizamos esta estrategia de mutagénesis por
DNA homdlogo para reemplazar un segmento que
comprende las primeras 588 pb del gen, desde el
sitio del casguete al inicio de la transcripcldn
hasta el segundo intrdn del gen hGH, por los
segmentos correspondientes de 1los genes hPL-3 y hPL-
4 {figura 17). Insertamogs estos genes hibridos en
el vector PpNUT (-) Yy caracterizamos los plismidos
recombinantes hibridos resultantes mediante
digestidn con enzimas de restriccidén diagndsticas.
Estos segmentos de 588 pb de los genes hPL activos
presentan solamente ocho canbicos nucleotidicos
distribuidos como sSigue: uno -en la regidn del
extremo 5' no traducible, otro en el primer exdn
(peptido senalador), tres en el primer intrdn y tras
en €l segundo intrdém. El hecho de que las proteinas
quiméricas GH(PL-3:I,I1) y GH(PL-4:I,II) contienen
la mayor parte de los amlinodcidos (169 de 191) de
hGH, nos permitld cuantificar estas proteinas
quiméricas mediante RIA para hGH.

Primeramente reallzamos tres preparacicones
independientes de DNA de los pliasmidos recombinantes
hibridos mediante la técnica de preparacidén a gran
escala. De tal forma que obtuvimos los plasmidos &n
las mismas condiclones para evitar varlaclomnes en
las eficlencias de transfeccion debidas & la calidad
de l¢os DNAs plasmidicos.

Estos tres qrupos de pléasmidos recombinantes
fuercon utilizados independientemente para tranfectar
células COS-7 mediante la técnica de precipitacidn
con fosfato de calcio-DNA. En estos experimentaos
realizamos co-transfeccién con el plasmido pCMcat
para medir la actividad de 1la enzima CAT Yy
determinar asi la eficiencia en los experimentos de
transfeccldn. 48 h  después colectamos el
sobrenadante de las células tranafectadas vy
cuantificamos la hGH presente en el medlo
extracelular. Ademas determinamos la actividad de
CAT en los extractos de las celulas co-transfectadas
(figura 19) y utilizamos estos rxesultados para
normalizar las proteinas quimeéricas sintetizadas por
las células transfectadas con los plasmidos
recombinantes. En estos experimentos encontramos
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Figura 17. Organizacidn de las construcciones génicas
quiméricas. E1 diagrama ilustra los mapas y origen de
los fragmentos génicos usados para las construcciones
quiméricas hGH-hPL (2150pb). Los sitios de corte para
las enzimas de restriccion estan indicados como
B=BamHI, P=Pvull, S=SacI y E=EcoRI. El1 origen de los
fragmentos se muestra en negro para hPL-3, punteado
para hPL-1, rayado para hPL-4 y blanco para hGH.
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Figura 18. Comparacion de la eficiencia de expresion
de los plasmidos recombinantes hibridos hGH-hPL en
células COS-7. Introdujimos los plasmidos
recombinantes GH(PL-3:1,II) y GH(PL-4:I,II) en las
células COS-7 mediante la técnica de co-precipitacién
con fosfato de calcio-DNA. 48h después determinamos en
los extractos celulares la cantidad de proteinas por el
método de Bradford y analizamos la actividad de CAT.
El autorradiograma muestra ligeras diferencias en la
actividad CAT con los diferentes plasmidos
recombinantes. Como estos resultados son cualitativos,
cortamos en la placa de silica-gel 1la regidn que
contenia las formas acetiladas de cloranfenicol marcado
con ['%C] (bandas superiores) vy cuantificamos 1la
radiactividad presente mediante espectofometria de
centelleo liquido (Actividad de CAT).
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que el plasmido recombinante hibrido GH(PL-3:1,I11)
secreta cinco veces mids proteina que GH(PL-4:1,II)
(datos incluidos en la tabla III). Encontramos que
el medio de 1las células tranafectadas con el
plésmido gque contiene los dos primeros exones de
hPL-3 (GH(PL-3:I,II)] contenia una cantidad de hGH
equlvalente al §2.3% de la detectada en el testigo
positivo [ver tabla III).

Tabla II1. Expresion de proteinas quiméricas
hGH-hPL en células COS-7 transfectadas.

Plasmido Produccidn <de hGH *
transfectado X x DS
pPNUT(=) 03 = Q.73
hGH=N 656.03 & 126.32
GHC(PL-3:LID 408.68 % 69.79
GH(PL=-4LID 8294 ¢ 3031
GHS{PL=3m:LII) - 0zZ8 1 0.68

s Los valores son en ng de hGH pon frasco de oultive de
73 cu® ohtenidos mediante RIA en alicustas de los wadios
y corresponden al promedio (XY gy desviaoldn estandard

<D.S5.) de tres oxperimentos independientes.

De estos resultadds podemos deducir una vez mds
que en los dos primeros exones de hPFL-3 y hPL-4 aa
encuentran codificadas 1las caracteristicas quea
conducen a las diferencias en expresidn de los genes
hPL-3 y hPL-4.

B Cuantifilcaclén del efectc de la mutacidn del
gen hPL-1.

En otros  experimentos construimos genes
hibridos hGH cuyos dos primeros exones y parte del
segundo intron corresponden ya sea a hPL-3 o hPL-3m.
Esto8 nuevos genes hibridos GH(PL-3:1,I1 y GH(PL-
3m:I,II), conslsten de secuencias de hPL-3 0 hPL-3m
desde el inicio del gen hasta el segundo intrdn (en
el sitio dnico Sacl) a las que les unimos secuenclas
del gen hGH-N, desde su sitio Sacl en el segundo
intréon, hasta el sitlo EcoRI al final del gen (ver
figura 17).

~ Cuando introdujimos éstos genes hibridos y sus
plasmidos testigos a ceélulas COS-7 en cultivo
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detectamos las proteinas quiméricas derivadas de la
expresion de estos genes y mediante RIA para hGH.
Los niveles de hGH en el medio de las células
transfectadas con el plasmido que contiene el gen
hibrido hPL-3m/hGH-N [pldsmido:GH(PL-3mI,II)] no .
fuercon detectadogs por RIA (ver tabla III). Estos
resultados con las proteinas quimericas corroboran
que la mutacidn en el gitic donador del
procesamiento de intrdn al inicio del segundo intrén
del gen hPL-1, podria ser una de las causas de la
falta de exprasién de este gen, ya que inactivd
totalmente la expresidén de la proteina quinérica
GH(PL~3,1I,II).

Utilizamos los resultados gue ¢btuvimos en los
experimentos descritos en esta Sub-seccidn para
publicar el articulo: Expression studies of
transfected multigene families by homologous DNA
mutagenesis (anexa C).
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DISCUSION Y CONCLUSIONES

La reintroducclidn a células en cultivo, de genes
aislados por técnicas de Ingenleria Genética (94, 96),
ha resultado ser un métodao .des gran valor en .la
identificacidén y diseccion de secuencias nucleotidicas
requeridas para el control del funcionamienta del gen.
También ha brindado valiosa informacién scbre los
efectos de mutaciones en estas secuencias. Escogimos
esta metodologia para determinar el potencial de
codificacioén de todos los genes hPL.

Los estudios de clonacidon de DNA y de determi-
nacién de secuencias nucleotidicas han conducido al
alslamiento de clonas de DNAc para todeos los genes de
la familia hGH-hPL, excepto hPL-1. Una gran cantidad
de informacion referente a la expresion de genes hGH y
hPL resultd de estos estucdios de DNAcC. - - A pesar de
estos, pocos han sido 1lo0s experimentos encaminados a
demostrar que algin RNAm particular de 1los genes hGH
efectivaments se traduce en proteinas. Para el casoc de
loa genes hPL esta clase de experimentos simplemente
son inexistentes.

Cuando Iintrodujimos los genes hPL activos a la
linea celular COS-7 de rifndn de mono, bajo el control
de sus promotores naturales, no pudimos detectar senal
en un andlisis de RNA tipo "Northern" de los
transcritocs. Esta falta de expresidédn puede deberse a
la ausencla en estas células de factores de transcrip-
cidn especificos para los genes hPL. Tamblén puede
explicarse por un requerimiento del amplificador de la
transcripcion del gen hPL (40), 0 por ambas razones.
Se ha demostrado gque se regquiere la presencia de un
factor transcripcional particular, llamado GHF-1, para
alcanzar una expresidn eficiente del gen hGH-N (110).
Los resultados gque obtuvimos usando los promotores
naturales de los genes estan en concerdancia con esta
observacidn. Como tamblén lo es8td el hecho de haber
conseguido expresar las secuenclas estructurales de
estos genes al fusionarlas a seifiales transcripcionales
potentes y de especificidad celular amplia.

Para la ejecucién del presente trabajo,
primeramente desarrollamos un sistema eficiente para
detectar la expresion de genes en cultivo celular.
Para realizar esto, disefiamos y construimos vectores
eucarioticos de expresidon y comparamos estos vectores
con otros comunmente usados para seleccionar los mds
potentes para dirigir la expresidén de hGH en cultivo
celular. Ademas, llevamos a cabo un andlisis funcional
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de las hGHs de 20 y 22KDa producidas in vitro en el
modelo de diferenclacién de fibroblastos 3T3 hacia
adipocitos. Posteriorwmente analizamos el potencial de
codificacldén in vitro de los genes hPL. Ademés,
disefiamos una estrategia.gue denominamos "Mutageénesis.....
por DNA homdlogoe" que mnos permitid cuantificar la
expresion diferencial de los genea hPL-3 y hPL-4 ¥y
analizar el efecto de la mutacidén presenta al inicio
del segundo intrén del gen hPL-1.

El modelo experimental que desarrollamos en este
trabajo consiste en la deteccidén de la expresidn de
genes y DNAcs en cultivo celular. Primeramente
insertamos la secuencia estructural del gen hGH baja la
influencia de la unidad promotor-potenciador del hCMV.
Cuando introdujimos este plésmido a c¢€lulas <CO0S-7 en
cultivo, demostramos que la hGH producida in vitro por
las celulas C0OS-7 es secretada al medlo extracelular,
lo cual esperdbamos vya gque hGH es una proteina
normalmente secretada por las celulas de la hipofisis.
Estos resultados nos permitieron concluir que el vector
PAVE1hGH es capaz de expresar Yy secretar hGH
eficientemente en cultivo de células eucaridticas.

Posteriormente comparamos la expresidn de este
vectar con otrogs vectores de expresidn comunmente
utilizados. Para ello, analizamos la expresidn de hGH
eén las células C0S-7 transfectadas tanto a nivel de
RNAm (datos ne mostradaos) coma a nivel de proteinas
secretadas al medio extracelular. En ambos casas
detectamos los mayores niveles de expresidén en las
células transfectadas con 1los pldsmidos pAVElhGH vy
PNUT. Estos valores de hGH son muy similares a los
detectados por Selden y <¢ol. en células L transfectadas
transitoriamente (52) y son cuarenta veces mayores que
los obtenidos en células Vero transfectadas con
vectores basados en SV40 (47). Por otro . lado,
determinamos la capacidad de estas hGHs producidas in
vitro para inducir especificamente 1la conversidn de
fibroblastos 3IT3 hacla adipocitos. La conversion
adipocitica dependld de la cantidad de -hGH adiciconada,
por lo que obtuvimos la mayor actividad funcional de
las hGHs secretadas por las <¢élulas transfectadas con
los plasmidos pNUT Y PAVE1hGH (resultados no
mostrados), en comparacidn con los otros vectores
arriba mencionados.

Después que detectamcs reproducibliemente la
expresidn del gen estructural RGH en cultivo celular,
analizamos la expresidn de los DNAca de hGH cobtenidas
en trabajos previos en nuestro labhoratorio. Detectamos



59

niveles bajos de expresidn del DNAc de hGH 20KDa en
relacidén al DNAc de hGH 22KDa. En estudios prevics
realizados en nuestxo laboratorioc mediante analisis de
hibridacion tipo “"Northern" de los RNAs de las células
transfectadas con estes mismos plasmidos mostraraon.gque
las senales de hibridacidn dadas por los RNAs
expresados, tanto por pAVEhGH22K como pAVEhGHZ20K,
fueron sasimilares en intensidad. Estos resultados
indicaron que ambos DNAcs son eficientes en la
produccidon de RNAms maduros (109), Ademds se ha
demostrado que el gen hGH expresado transitoriamente,
produce niveles de RNAm equivalentes a los encontrados
por nosotros y que los niveles de expresion de RNAm
reflejan directamente 1los niveles de proteina (52).
Por lo tanto, dado que no teniamos evidencias para
dudar de 1la integridad e identidad de nuestros genes,
establecimos <como posible explicacidn para tan
sorprendentemente bajos niveles de RIA de hGH 20KDa, el
que los anticuerpos del estuche comercial para RIA de
hGH que usamos, al ser altamente especificos para
hGH22KDa, reconocen pobremente la variante de 20XDa de
la hormona. Nuestra suposicidén fué apocyada por los
hallazgos de que la variante 20KDa presenta inicamente
un 20 a un 50% de capacidad para..desplazar .[Y*®I]-hGH
unida a anticuerpo, asi como un 30 a 50% de capacidad
para desplazar [**”I]-hGH unida al receptor de membrana
de higado de rata o conejo (1l1l1).

En vista de lo anterior fué necesario demostrar
que era posible visuallizar la expresion de 1las
diferentes formas conucidas de hGH. Cuando analizamos
la cantidad de proteinas presentes en el medio
extracelular de las células CQ0S-7 transfectadas,
encontramos que aunque Jlos niveles de expresidn
transitoria de hGH en nuestros cultives resultaron
altos (hasta 300 ng/ml), eran superados por los niveles
de proteinas totales presentes como componentes del
medio de cultivo (2mg/ml}). Esto impedia lia
vigsualizacién de la banda proteica correspondiente a
hGH al tefiir las proteinas separadas en el gel. Una
complicacidén adicional resultd ser la presencia de DbGH,
porgque presenta un tamafio muy similar a hGH y hPL y es
un componente del SFT que utilizamos para complementar
el medio de cultive, Tampoco consideramos conveniente
utilizar técnicas de detecclion como la
inmunoelectrotransferencia para detectar las proteinas
de interés, debido a que contabamos solamente con los
anticuerpos contra las formas mejor conocidas de hGH vy
hPL (22KDa). Por lo que con esta limitante tendriamos
que confiar en una buena reaccidén cruzada para detectar
varianteg proteicas que pudieran derivarse de todos los



genes hGH y hPL, Decidimos entonces realizar un
marcaje de las proteinas sintetizadas de novo por las
células transfectadas con [3*2S]-metianina. En estos
experimentos detectames bandas correspondientes a las
hGHs de 22KDa y 20KDa con. las dos concentraciones ds
metionina utilizadas. Cbviamente fué -necesarlo
asegurarncs que las bandas de proteinas correspondieran
con los tamafios esperados Yy que su presencia
¢oincidiera con 1la transfeccién del plasmido que
contiene el gen gue la codifica. La abundancia de la
hGH de 20KDa, estimada por apreciacién visual,
coincididé con la abundancia de la variante en la
glandula pituitaria, donde el 90% de la produccldn de
hGH s de 22KDa y el 10% corresponde a la forma de
20KDa {57, 1l11).

Ya que seleccionamos la congcentracién menor de

metionina marcada para realizar el marcaje, logramos. .

vigsualizar las proteinas secretadas por lus DNAcs de
hGH. En estos experimentos detectamos la expresidn de
las hGHs de 20 y 22KDa. Aungue la expresidn de ambas
formas de hGH presenta diferencias en la intensidad de
las bandas pudimos demostrar la ineficiente deteccidn
inmune del anticuerpo especifico de la hGH 22KDa por la
variante de 20KDa. Por otro lado, logramos verificar
la actividad bicldgica de ambas formas de hGH en la
conversion adipocitica de fibroblastos 3T3.
Consideramos con lo anterior que nuestro modelo estaba
adaptado para el andlisis de la expresién de genes y
DNAcs en cultivo celular.

Una vez que implementamos el modelo experimental,
analizamos la expresidén de todos 1log genes hPL en
cultivo celular. Estos resultadeos nos permitieron
determinar, por primera vez, la expresidn in vitro y el
potencial de codificacidn de todos los genes hPL. Los
resultados que aportamos demuestran gue los genes hPL-3
y hPL-4, mas no hPL-1, contribuyen & la produccidn de
hPL madura. También demostramos gque a pesar de ser
altamente similares, las secuencias estructurales, de
estos genes responden diferencialmente al mismo
promotor heterdlogo. Aunque las proteinas expresadas
por estos genes son ldénticas en su estructura
primaria, difieren en el nivel de expresidn. Camo
consecuencia de este hallazgo, disefiamos una estrategia
que denominamog "mutagénesis por DNA homélogo". Esta
consistid en la insercidn de regiones mutadas de genes
homélogos en el cantexto del gen que codifica para un
producto facilmente cuantificable.

Demostramos la factibilidad de easta estrategia
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mediante la sustitucidén ds segmentos del gen hGH-N, por
secuenclas homélogas del gen hPL, que nos permitieron
el analisis de mutaclones s8in afectar la conformacidn
nativa de la proteina modificada. Analizamos el efecto
de dos tipos diferentes de mutaciones presentes en 108
genes hGH y hPL. Para la primera escogimos la
variacion de secuéncias existentes entre los primeros
dos exones de los genes hPL-3 y hPL-4. La segunda
correspondid a la mutacidn puntual del pseudogen hPL-1,
antes referida y presente al lnicio de su segundo
intrén.

Para analizar 1la primera mutacidn intercambiamos
los dos primeros exones de los genea hPL-3 y hPL-4 con
los del gen hGH-N. Encontramos una disminucidn del 80%
en los niveles de expresidn de hPL-4 comparados con los
de hPL-3, Pudiera argumentarse que los resultados
anteriores solo indican una disminucién en el
reconocimiento de ambas proteinas quiméricas hPL/hGH
por los anticuerpos especificos del RIA para hGH. §Sin
embargo consideramos que nuestro enfoque es adecuado y
los resultados son vdlideos para detectar efectos de las
diferencias nucleotidicas sobre la expresion genica ya
gue las secuencias aminoacidicas de estas proteinas
quiméricas secretadas al medioc de cultivo son
idénticas. Los cambios se encuentran en las formas
precursoras o inmaduras de estas proteinas quimeéricas
que presentan una diferencia amincacidica en la tercera
posicidn del péptido sefialador. Esta diferencla podria
influenciar 1la eficiencla de eliminacidn del péptido
sefial de estas proteinas, Sin embargo, cuando
analizamos la expresidn diferenciel de los genes hPL-3
Y hPL-4 a nivel de RNA detectamcs una disminucién de
ocho veces la expresidén, por 1lo que la acumulacidn
diferencial extracelular de las proteinas hPL-3 y hPL-4
maduras se debe principalmente a diferencias en la
eficiencia de transcripcidén de estos genes en.nuestro
modelo in vitro. Como ya hemos descrito los estudios
in vivo en placenta humana de los niveles de RNA
provenientes de hPL-3 y hPL-4 presentan mucha
variabilidad y muestran una relacidn inversa a la que
detectamos en nuestro modelo in vitro de cultivo
celular donde la expresion esta dirigida por un mismo
promotor heterdlogo en relacién a s8us diferentes
promotores y potenciadores naturales (6, 8, 23).

Ademés, eoncontramos que al introducir el a&rea
mutada de hPL-1 al gen hPL-3, la produccidon de la
proteina hPL-3 secretada fué nula. A pesar de que
reemplazamos la mutacién al inicio del sequndo intrdn
en hPL-1 por secuéencias no-mutadas, no pudimos observar
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proteina hPL-1 alguna, en ¢l media de cultivo de las
células transfectadas con este gaen reparado (hPL-1r).
Por lo tanto, pensamos gque deben existir mutaciones
adiclonales que contribuyen a esta carencia de
expresidén génica. Obtuvimos 1l9os mismos resultados
cuando canstruimos genes hibridos entre los primeros
exones de hPL-3 y hPL-3m con los dltimos exones del gen
HGH Y cuantificamos los resultados mediante
radlainmunoensayo. Evidencia adicional del efecto
negativo de este tipo de mutaciones, al inicio de
intxones, proviene también de estudios practicados in
vitro., En tales estudios se introdujeron mutaciones al
inicio de uno de los intrones del gen de B-globina por
mutagénesis dirigida por oligonucledtidos (112). En
todos los casos estudlados a la fecha ya sea in vivo ©
in vitro, un cambio de guanvsina wonofosfatce pox
adenosina monofosfato (G por A) al inicio del intrénm,
produce RNA wensajeros precursores incapaces de
eliminar correctamente sus intronea.

Estos resultadeos también nos indicaron que 1la
diferencia en tamafnos entre las proteinas hGH y hPL,
estd codificada por los Gltimos tres exones de los
genes que codifican para los aminodcidos 23 al 191 de
la proteina. No tenemos explicacioén para las
diferencias en tamarno observadas en el analisis
electroforético de proteinas hPL y hGH. La diferencia
la observamcs tanto con Jlas proteinas naturales,
extraidas de sus tejidos humanos de origen, come con
las proteinas expresadas por genes hGH vy hPL
transfectados. Puede ser posible que las diferenclas
aparentes de los tamarios observados correspondan
simplemente & nuestras condiclones electroforéticas que
permiten diferencias en el grado de interaccidén de las
proteina y el SDS,; y por lo tanto de desnaturalizacidn
de las proteinas.

Los resultados gque obtuvimos nos permitieron
llegar a las conclusiones abajo incluidas:

- Los genes hPFL~3 vy hPL-4 contribuyen a la produccidn
de la hormona hPL madura en una relacion de 4 a 1 en
nuestro modelo in vitro.

- La expresidn diferencial in vitro de los genes hPL-3
y hPL-4 depende en parte de las diferencias
nucleotidicas presentes en 1los dos primeros exones
de estos genes.,

- La wmutacién al 1nicio del segundo intrén del gen
hPFL-1 es una de las causas gque afectan su falta de
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expresidn, perg nc la Unica, ya gue no detectamos su
reactivacidn cuando ésta fue reparada.

Ademds consideramos que uno de 1los logros mas
importantes de este trabejo san las s@iguientea
contribuciones: -

- Desarrollamos un modele experimental eficiente vy
confiable para detectar la expresidn de genes y
DNAcs en cultivo celular.

-~ Demostramcs y cuantificamos la actividad adipogénica
de los productos de expresidén del gen hGH-N y sus
DNAcs, en cultivo celular.

- Disenamos un nuevo enfoque que denaminamos
"Mutagénesis por DNA homélogo™ para la
cuantificacidén de la expresidn genética en familias

- multigénicas donde el producto de expresidén de al
menos uno de locs miembros es cuantificable

Este nuevo enfoque permite determinar facllmente
el efecto en la expresion génica de cambios en
secuencias nucleotidicas ¢ ‘mutaciones presentes en los.
miembros de la familia o© de sua alelas. Can 1la
utilizacidén del gen gque codifica para hGH, nuestro
enfoque permite la cuantificacidén del efacte de
practicamente cualquier mutacidn o cambic en secuencia
nucleotidica que ocurra en los otros genes hPL o hGH,
miembros del complejo, Nuestro procedimientc podria
ser usado con cualquier miembro de una familia
muitigénica que codifique para un producte gque sea
ficilmente cuantificable,.

Los resultados obtenidos en este trabajo abren la
posibilidad para realizar estudlos encamlnados a
determinar &1 una, wvarjas o© 1la totalidad de 1las
diferencias nuclectidicas presentes en 1los primeros
exones de los genes hPL-3 y hPL-4 conducen a su
diferente expresidn y cuales son las otras mutaciones
en el gen hPL-1 involucradas en su falta de expresion.
Par otro lado, el andlisis de proteinas quiméricas hGH-
hPL permitird8 llevar a cabe un analisis de las
relaciones estructura-funcion en el modeleo de
diferenciacidn de fibroblastos 3T3 hacla adipocitos e
ldentificar el o los residuos amincacidicos
involucrados especificamente en esta actividad.

Las relaclones estructura-actividad se pueden
estudiar basdndose en la postulacion de que los exones
dentro de clertos genes pueden codificar para dominios
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funcicnales importantes en la proteina codificada. FPor
lo tanto, la alteracidn por deleclédn o intercambio de
exones integros medliante mutagénesis por DNA homélogo
puede facilitar el mapeo de 1la o las regiones
funcionales de la proteina en estudio. :

Finalmente 1la produccidén estable de proteinas
quiméricas hGH-hPL puede permitir el andlisis
estructural y/o funcional de otras actlividades
bioldgicas tales como la ganancia de peso en ratas
hipofisectomizadas.
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SUMMARY

We have constructed a new pair of plasmid vectors for the efficient expression of mammalian genes. The first of the new
plasmids, pAVEI, was derived from pCMVcat [Foecking and Hofstetter, Gene 45 (1986) 101-105] by replacing the
chioramphenicol acetyliransferase-encoding sequences in the latter for a multiple cloning site. Since it possesses the powerful
enhancer-promoter unit of the immediate early gene of human cytomegalovirus, pAVE] is ideal for the expression of
mammalian genes. The second expression vector, pAVE2, resulted when the 3'-end flanking region from the human growth
hormone-encoding gene (AGH) was incorporated in pAVEL. This region provides sequences for 3"-end processing and
polyadenylation of primary transcripts. Thus, pAVE2 is suitable for expression of cDNAs in cultured cells, where introns
have little effect on gene expression. To test our new vectors, we inserted the structural region of the chromosomal AGH
gene into pAVE], and its cDNA into pAVE2. By independently transfecting the resulting recombinant plasmids into COS-7
cells, we have achieved high lcvels of AGH transient expression with both vectors.

INTRODUCTION tory for mRNA accumulation in the cytoplasm (Hamer and
Leder, 1979). Thus, the first generation of cDNA expres-

Bacterial plasmids modified by recombinant DNA tech- sion vectors usually included a heterologous intron in addi-
niques to facilitate expression of cloned genes or of their tion to the promoter and polyadenylation sequences
c¢DNAs in cultured cells are valuable tools for studies of (Mulbgan and Berg, 1980). However, recent studies have
eukarvotic gene structure and expression. shown that, in general, introns have little effect on the
Earlier obsen ations suggested that splicing was obliga- expression of genes transiently introduced into cultured

cells (Brinster et al., 1988).

(‘(!ﬂfo’O"dPnCP to. Dr. H.A. Barrera-Saldana, Unidad de Laboratorios We searched ror transmpllonal c0ntr0l elements thal

de Ingenieria y Expresion Genéticas. Departamento de Bioquimica,

could drive the expression in cultured cells of structur
Focultad de Medicina de la Universidad Autonoma de Nuevo Leon, _ld . . g e . d = sourdl
Apdo. Postal 1563. Monterrey, N.L. (México 64000) Tel. (528)348-3251, regions derived from cloned mammalian genes, more effi-
ett 157; Fax (528)348-7229. ciently than the pair of expression vectors recently con-
tributed by our laboratory (Cab-Barrera and Barrera-
Abbreviations: bp. base pair(s): (;‘AT. Cm acetyliransferase; car, gene Saldafia, 1988). In a recent report, the hCMV enhancer-
encoding CAT; Cm. chloramphenical; hCMYV, human cytomegalovirus; promoter unit was described as being one of the most
hGH, human growth hermone; #GH. gene encoding hGH: hPL, human i
Y ) i e powerful (Foecking and Hofstetter, 1986) and versatile
placental lactogen: kb, kilobase(s); MCS, muluple cloning site; nt, nucle- ) : b
oudets); orf, origin of DNA replication; RIA, radicimmunoassay; SV40, units studied so far (Boshart et al., 1985). In the present
simian virus 40, work, we show the construction of a pair of new vectors

0378-1119 90 03 50 © 1990 Elsevier Science Publishers B.V. (Biomedical Division)
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carrying this transcriptional control region. Their value for
studies of gene expression is demonstrated here using them
to transientdy express the AGH gene sequences.

EXPERIMENTAL AND DISCUSSION

(@) Expression vectors

We compared the synthesis of CAT in COS-7 cells trans-
fected separately with pSVacat and pCMVeut (kindly pro-
vided by Dr. H. Hofstetter) using the DNA-Ca - phosphate
co-precipitation techuique (Graham and Van der Eb,
1973). The transfected cells were harvested for the CAT
activity assay, 48 h after adding the precipitate {Gorman
etal, 1982). As previously reported (Fueckiog and
Hofstetter, 1936), we detected a much higher signal inten-
sity from the acetylated forms of Cin produced by the
extract of pCM Vcat-transfected cells, as compared to that
geuerated by the extract of those cells transfected with
pSV2cat (data not shown). To exploit the advantages of the
promater strength and little tissue or species specificity
(Boshart ¢t al., 1985) provided by the hCMV enhancer-
promater unit, we decided to derive more versatile cloning
and expression vectors from pCMVcat. The strategy for
construction and the structure of the new expression vec-
tors, pAVE] and pAVE2, are illustrated in Fig. 1.

Vector pAVE|] was derived from pCMVcat by replacing
the EcoRI-HindIIl cat fragment with an analegous frag-
ment of pUCI19 MCS (Yanisch-Perron et al, 1Y85). This
new plasaid harbors eight unique restriction sites (HiadIlI,
Spnl, BamHIL, Smal, Xmal, Aval, Kpnl and EcoR[)
immediately downstream from the hCMV enhancer-
promater unit. This MCS confers to pAVE] great versatility
for inserting and placing promoter-less chromosamal genes
uader the transcriptional control of the powerful hCMYV
enhancer-promoter unit.

Since introns have little effect on the expression of genes
transfected into culture cells (Brinster et al., 1938), we
decided to construct a second cloming vector for the
transient expression of cDONA sequences. As illustrated
alsoin Frg. 1, pAVE2 was derived from pAVEL by incorpo-
rating the 3'~end flanking region from the 4G H geoe into the
latter. This region includes sequences for primary transcript
3 -end processing and polyadenylation. Between the
ACMY and AGH gene scquences, pAVE2 has six unique
cloning sites: HindIU, Sphl, BamH1, Smal, Xmal and
Aval.

(b) Production of hGH by pAVEI carrying the kGF gene

To 1251 the ability of pAVE! to express mammalian
genes, we inserted the promoter-less chromosomal AGH
gene, from a BamHI site (at nt + 2) to an EcoRI site
(located about 600 at downstream from the polyadenyla-

tion signal), between the same sites in pAVE!L (Fig. 1).

pAVE IhGH was transfected inta COS-7 cells, and 48
later total RNA was isolated by the thiocyanate-phenol~
chloroform technique (Chomezynski and Sacchi, 1987).
Northern-blot analysis (McMaster und Carmichael, 1977,
Thomas, 1980) of this RNA was carried out using a randont
primer-labeled (Feinberg and Vogelstein, 1983) APL ¢cDNA
as a probe (Barrera-Saidaiia et al., 1982). The probe dis-
plays over 9%, sequence similasity to #AGH cDNA. Tke
autcradiograpb showed an RINA band hybridizing (o the
APL CDNA probe (data nat shown) with the cxpected size
far the AGH mRNA.

To verify the camrect expression of the transfected novel

. hybnd gene, the productian of secreted hGH by the trans-

fected cells was determined using a commercially available
{Diagnostic Products Co., Los Angeles, CA) hGH RlA kit.
This test was performed dircctly on the tissue cuiture
medium to determine the extracellular concentration af
hGH. Values of secreted hGH averaged 1.2 pg/25-cm?
flasks of transfected cells. Although using differen; cell
lines, when compared with results reported in the literature,
our valucs of hGH production are very similar to those
obtaincd by transiently transfected L cells (Selden et al.,
1986). Forty-fold lower values of hGH production have
been reported for Vero cells transiently transfected with a
SV40-hased vector carrying the AGH gene (Lupker et al,
1983).

(c) Expressian of hGH cIINA in culture cells using the
pAVE2 vector

The pAVE2 vector is designed to be suitable for expresss
ing cloned cDNAs because it carries nt sequences neces-
sary for 3'-end processing and polyadenylation of primary
transcripts. The ideal candidate to demonstrate the expres-
sion properties of pAVE2 was the hGH ¢DNA, since we
bad already espressed its comresponding gene usirg pAVE]
and thus comparisons could be made,

For the above purpose, and because we did nat have
available the AGH cDONA, we designed a simple and rapid
method which allowed us to almost selectively clone the
cDNAs for both the 22-kDa and 20-kDa forms of hGH,
simultanecusly, Details of this method will be described
elsewhere (D.E. R.-L. and H.A. B.-S., in preparation). We
then proceeded to introduce the AGH c¢DNA fragment cor-
responding to the 22-k[)a form of hGH (h(:H-22 K), into
PAVEZ. Since the cDINA copy we cloned is not fullslength,
we had to assemble an intron-less APL-AGH hybrid gene.
This gene was canstructed using the following DNA frag-
ments ia a 5 — 3* direction: (/) the AFPL-3 gene (from the
capping site to the Pstl sitc just before the end of the first
exon); (i) the APL-3 ¢DNA (froui the Psil site up w un
Aaill site located at the beginning of the second exon);
(i) \he hGH cDNA (from the Aaill site Lo the Smal site
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analysis and 8GH RIA, respectively, Both the wransieatly
expressed natural (from pAVELhGH) or hybrd (from
PAVE2ZRGH22K) #GH mRNAs were casily and specifi-
cally detected by hybridization with the 32P-labeled APL
¢DNA prabe (data not shown). The RIA values of secreted
AGH averaged 691 ag for the positive control gene and
921 ng for the hybnd ¢cDNA gene, per 60-mm petd dish.

(d) Conclusions

The results presented here demonstrate the high versa-
tility of our new pair of expression vectors. By capitalizing
on the strength of the culiaucer-promoter unit of hRCMY, we:
bave achieved efficient cell-culture expression af both the
hGH split gene and its most abundant cDINA, We antici-
pate that the availability of thesc new vectors may improve
the efficacy of transient expression experiments aimed at
functionally dissecting mammalian  structural gene
$eqUeNCes.

ACKNOWLEDGEMENTS

We thank H. Hofstetter for providing us with pCMVcat
(the commercial use of the hCMV eghancer was patented
by the Behringwerke on behalf of Dr. B. Fleckenstein and
Dr. W. Schaftoer), R. Palmiter for the gift of pMThGH,
and D.L. Rabberson, G.F. Saunders, W, Walker and
J. Silva-Cudish fer critical reading of the manuscript. We
are grateful to the Laboratory of Endocrinology of Univer-
sity Hospital “Jose Eleuterio Goazalez® for the hGH radio-
immunoassays. The work was supported in part by grants
from ‘Fondo de Eswdios ¢ Investigacidn Ricardo J.
Zevada’, the Mexican Ministry of Public Education
{SESIC) and the National Council of Scicnce and Tech-
nology (CONACYT) ofthe Mexican Goverament. D.R.-P,
DER.-L,BRV.M, and RR.-8. thank the CONACYT for
fellowships. We wish to express our gratitude to the School
of Medicine of the Universidad A. de Nuevo Ledn for their
continued support, and to M. Piez and L. Cruz for the
preparation of the manuscrnipt.

REFERENCES

Barrera-Saldanz, HA., Robberscu, VL. and Saunders, G.F.: Tran-
scriptiona! proclucts of the human placeptdl lactogea gene J. Biol.
Chem. 257 (1982) 12399-12404.

Biruboim, H.C. and Doly, 1.: A capid alkaline extraction proce/ure for
screcaing recombmant plassid UNA, Nucleis Acids Res. 7 (1979)
1513=-1522.

Bozhart, M., Wseber, F., Jahn, G.. Dorsch-Hasler, K., Fleckenstein, B,
and Schaffner, W A very steong eahancer s located upstream of an

immediate eacly gene of human cyiomegalovirus, Cell 41 (1983)
521-530,

Brinster, RL., Allen, J.M,, Behringer, R.R., Gelinas, R.E. and Palumiter,
R.D.: Jutiuns increase (ranvcriptional fGokency 0 traasgeaic mice.
Pros. Natl. Acad. Sei. USA 85 (1988) 836-840.

Cab-Barvera, EL aad Barrera-Suldafia, H.A.- Versatile plasmid vectur
for use w studies of eukuryotic gene expressian. Gene 70 {193%)
411=413

Chomezynski. P. and Sacchi, N.: Sugle-step method of RNA isolation
by acid guanidium thincyan ste=pheac!-chisrofinrm exicaction. Anal
Biocher. 162 (1987) 136159

Clewell, T.B. and Helioski, DR.: Properties of u supercoiled
deoxyribonucleic acid-protein relaxation complex and strand specifi-
city of the relaxation eveal Bicchemistry 9 (1971) 4428 -4440,

Feinberg, AP gnd Vogelstein, B.: A rechnique for radiolabelling DNA
vestriction endonuclease fragments to high specific activity. Anal
Blochem. (32 (1983) 6-13.

Foecking, MK and Hofstetter, H.: Powerful and versatile enhanesr-
promoter unit for mamgalian expression vactors. Gene 45 (1936)
101-104.

Gorman, C M., Moffat, L.F. and Howard, B.H.: Recombinant geaomes
which express chloramphenicol acetyliransferase in magunalian cells.
Mol Cell. Bial. 2 (1982) 10441051,

Graham, F.L. aod Vao der Eb. AJ.: A new technique for the assay of
infectivity of human adeaovirus 5 DNA. Virology 52 (1973) 456-467.

Hamer, D.H. and Leder, [ Splicing and the formation of stable RNA
Cell 18 (1979) 1299-1302,

Lupker, J.H., Roskam, W.G,, Miloux. B., Lisuzun, P., Yaniv, M. and
Jouanneau, J.: Abundant excretion of human growth hurmone by
recombinant-plasmid-transformed monkey kidney cells. Geae 24
(1983) 281-287.

Maniatis, ¥., Fritsch, EF. and Sambrook, J.: Molecular Cloniag. A
Laboratory Manual. Cold Spring Harbor Laboratwry, Cald Sprig
Harbor, NY, 1932

Makam, A.M und Gilbers, W.: Sequencing end-labelesl DNA with base-
specific chemical clesvages. Methods Eazymol. 65 {1980) 499-360.

McMaster, GK and Carmichael, G.G.: Analysis of single. and double.
stranded nucle acids on polyacrylamide and agarose gels by using
glyoxal and acridine araage. Proc. Nad. Acad. Sci. USA 74 (1977)
4835-4838.

Mulligan, R .C and Becg, P.: Fxpressioo of 2 bactenal gene in mymmalian
cells. Science 209 (1980) 14221427,

Falmiter, R D., Narstedt, G., Gelinas, R E., Hammer R E. and Bnnster,
R.L.: Meullothionein-human GH fusion genes stimulate growth of
mice. Science 222 (1933) 809-314.

Selden, R.F., Howie, K.B., Rowe, M,E,, Goodman, HM, and Moore,
D.D.: Human growth hortione as a reporter gene in regulation
studies emploving wansier gene expression. Mol. Call. Biol. & (1986)
7=,

Thomas, P.S . Hybridization of denatured RNA and small DNA frag-
ments transterred to nutroccllulosc. Proc. Natl. Acad. Sci. USA 77
(1930) 5201-5205.

Vogelstein, B, and Gillespie, D.; Preparative and analylical purification
of DNA frum agarose. Proc. N21l. Acad. Sci USA 76(1979) 6] 5-619.

Yanisch-Perron, €., Vieirs, 1. and Messing, J.: improved MIJ phage
cloning vectors and host strams: aucleglide sequences of the
M13mpl8 and pUCI1Y vectors. Gene 33 ([985) 103-119,

Weislander, L.: A simple methad to recover intact high moleculze weight
RNA and DNA afler clectropharctic separation in low gelling tem-
perature dgarose gels. Anal. Biochem 98 (1979) 303,



Y
’

e
-
g
-

iy

EATO00

" A
/o B LAbe

|/

v



'THE HUMAN PLACENTAL LACTDGEN AND GROMTH HORMONE MULT]-GENE .FAMILY

‘e

Hugo A. Barrera-Saldara'+«®, Ramlra Rawirez-Solis', William
H. Walker*, Susan L, Fitzpatrick’,; Diana Res¢ndez-Férgz'"
and Grady F. Saunders? -

‘Unidad de Laboratorfias de Ingenleria y Fxpresidn Genéticas
CULIEG) del Departamente de Bioquimica. Facultzsd dm
Medicina da la U.A.N.L., Honterrey, N.L. Héxico. &nd 2The
“ fntecnational Center for Wolecular Hedlcline, Honteprey, N.
L. Néxice

3Dgpartmgnt .of Blocheaistry and Holmcular Biology H.D.
Anderson Hospita! and Tumor [nstitute. The Unlversity of
Texas Systea Cancer Center, Houston, Texag, Y7030 USA

INTRODUCTION

The central problem of mclecular biology is the understanding of how
the genetic information coded : in the nucleic acld is expressed and, what
are the mechani{sas that regulate such expression, Huch progess has been
wade in understanding gene regulation 1n prokaryotic systess, however, in
euvkaryotic organisms, the advances have been weuch glover and such more
recent, This 1is closely reiated in part to the degree of evalutienary
complexity of the eukaryotic cell.

The regulation of genetic exprestjan {9 an essential characteristic
gf living cells., O0f the total agount of genetic informaclan posseswed Im
all cells, only m swall fraation 1is differentially transcribted vithin @
certalin time and space. :
Studies an the axpression of procacyotic genes shoued that besides
the region of DNA ta be transcribed into RNA, sequencem locuted both te

the §' side {(aperatorg, proamoters, eto.) ané 3' side (terainators) of this ’
structural gene, are involved in regulating gene expression. In addition, .

sccording ta the operom theory 131}, faor the regulaiion of the exprusslon
of bacterial genes, varigus elements are required such asi DNA-dependent
RHA paolywerase (the enzyme responsible for transcribing the genel; several
types ot protein factors associated with the enzyee (¢ rho, etc.) as well
as ometabolites <(inducers, repressors, etc.) which interact with DNA to
regulate bacterlal geme expression (1).

Eukaryot{c <cells have approximately 10" Rimes wmore DNA than a
bacterium, nultiple forms of DNA-dependent RNA polymerases (al least three
lypes, each tramscribing a different subset of! genes} and compartmen~
taslization of the processes of transcriptian (in the nucleus) and trangla-
tion ¢tn the cytoplasm), 1n addftion 1o these differences, the discovery
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in svcaryotes atf split genes (2], and RNA processing, made {t olear that
regulat{aon af eukaryatic gene eaxpressian la coaplex and can bhe exeried at
n variety of different levels (3}, The plcture becomes even mare cosplica~
ted considering the organization of the eukasyotic genome {Into chrosatin
(4} d&n this regard, genes belng expressed ere sald ta be in an “active®
chromatin configuratian, although vhat deterwines this contiguration is
unclear. *

THE PLACENTA AS AN EXPERIMENTAL NODEL

1n evolutionary terss the placenta {3 regently acquired snd a very
efficient organ that functions ta ald in the survival of the cffepring and
thus In the perpetuation of the species. Developwent of placental sammals
sllowed the Eother to carey the umborn young with hee while suaeching for
tead, thus protecting the fatus tros predatars. |t alse incresgsed the area
that couid be covered during the sesrching process amd faciiitated
migration. Thus, the placenta played a cruclal role in the sucoess of
mammals colonizing tha earth <S8).

The placenta (6] {s a rewmarkable organ Ir that §s created froa the
same fertilized ovum that glves rige to the tetus but functions inde-
pendent|y. The placenta exhibits vnique characteristica that wmake 1t &n
excel lent model for biclogical reseacrch. These propertiea include: aj) 1ts
rapid gecowih aad {nvasion of the wmaternal utarine tissuqe, h) the sudden
gtop of 1this Invasian (by an unknown mechanism), c) the lmmunclogical
processes that protect the placenta and the fstwva from yvejepatian, d) its
horeona! regulation ot pregnancy, etc.

In addition, the placenta 1s the organ with the highest rate of
protein synthesis (?); and, since it develops and matures in less tham 40
wprks, i1t constitutes an excellent systewm to study changes in gene
expression during developaent and cell difterentiation.

The placenis synlhesizes 3 |sacge variety of hormones <8), Probably
the beat chesractertzed are chorionic gonadoteopin (hCG) and placental
factogen (hPL. aiso know as chorionic somatomamaotropimg HCE). While
tfirst trigeater placental tissua fa highly active in the synthesis aof hCG
vith only low levels of hPL, {n tera piacenta the sjtystion {s reversed
(70 High levels of hPL (up Rto one gram per day) btut 1ow levels af hCG
are produced by placenta at ters.

in 1862, Josimovich and MacLaren (9) dgfined and characterized human
placental lactogen =5 & polypeptide horsame present im extracts of husan
term plagental and retyropiacental bload that exhibited baoth paotemt
lactogenic acii{vity and an ivsunochemical reactlion of partial identlty
with human grovth hormana. hPL materra! bigod levala are used ta reflect
the functional Iintegrity of the placenta during pregnancy (10}, hPL
inf luences waumogenesis and lactogenesis as well as many aspects of the
sataernal intersediary smetabolisy directly related to the suppiy of
nutrients ror the wmetabolisa of the fetus (1l), However, the prisary
action ef this harmane has nat bheen detfined.

The hWPL molecule 1isa a single-chaln poiypeptida af 191 aminoacids,
praduced in the syncytiotrophgblast layer L12). 1t contains two intra-
malecular disulfide bonds and no cartohydrate or lipid.

The WPL production {8 coupled to the developeent Qf the placenta,
remching {ts saxiouw towards the end of pregnancy. The great quantities
im which this hormone Is produced, makes this hormone ldeal for research
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and blochemical manipulations. For these reasgns, we chogse the placents
a8 the (dee! corgan to carry out the studles deseribed in this paper.

RECOMBINANT DNA: A MEW AND POYERFUL TECHHWDLOGY TO STUDY GERE STRUCTURE AND
EXFRESSION

The birth of recombinant DNA technoiogy in {the wearly 1870s, wacked
the beginning 0! B nev era I Nalecular Bioiogy. Recombinant DNA sluply
azans the recaosbination In the test tube of different DNA molecules. This
technoiogy has pravided us with very powerful toois end sethods for the
{solstion, characterlzetion anc manipulation of gene sequences.

Yith the ald of this technaolagy, It has been possible to beagin the
aralysis of highly compiex genomes of wukeryotic cells at the molecuiar
level. Studies are being carried out to snalysze the moleculsr structure
and orgeriization af genza 1in aorder to undecrsiand thelr functiom, regu-
lation and origin.

The essential eleaents that comatityte the group of recomblnant DNA
thechniques inciuda:

{. Enzysas to sodi DHA and RMA

Suoh as restriction enzymes, ligase, phusphatase, revarse tranicrip-
tase, DNA paiymerasze, palynucleatide kinagse, etc. These proteins are
esployed to carry aut the sanipulation pracess of the DNA to be cloned.
These genetic sanipuiatiocans conrist of apecific cleavages alang tha DNA
wolecule or, modifiocastions,covalent unions, radicactive labeling, ete.

1§. Molecular Hybrid]zations

They can be pericrmed uming s liquid ar salid suppart. This tectnique
113) consists of the detection, through the wuse of radloactive prabes
containing conpiementary sequonces, of desired molacuiar species that ate
presant in coeplen wixturey of DNA of RNA. These radiocactive probes wken
denatured and latec renatured irn the presence of the sixture, fare
moleculer hybrids with the desired sing)ia DNA chain or RNA. This caupling
ig stable dur tg the establishment of hydrogen bonds between the coesple-
wentary nucleoside bases of the hybrid welecule.

Vi1, Holecutag vehlicles

They Snoludes glasmids (13), cossids (15), laadbda bacterlophage
derivatives (1§) and Mi3 bacteriophage derivatives (17). Thesa are uged to
clone forelign ONA f{raguents (such 28:; husan genes) and permit Ite gropaga-
tion in bacteris; thus enploiting the fo)lowing throe qualities:

a. DNA fragments can autonomousl(y replicate in hast cells as they are
inserted [ntoc vectors cantalning replication origlias.

b, They can de gepacrated from the bacterial nuciele acids and saslly
purified.

. ¢» They contaln DNA tregions thet are not essentiel fox ils propagation
in bacteria. Foreigh DNA i{nzeried LIr these reglons Is replicated and
propagated as if they were a narmal cosponent of the vector.
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IV. Determination _of the sequence pgnd ayntheails of DNA

Tnis can be carried out either by snzysatic (181'or chesical (19)
techniques. The sequencing asethods (or ONA t(ar including RNA! generate s
greal quantity of valuable informatian cancerning the primsry siructure,
grganization, regulation, and evolution of Lhe genes and proteins which
ihey code. Thanks to these techniques, it i{s now much eagier to deteruine
the smino acid sequence of a8 proteln through the sequence of its cloned
messenger RNA (transformed to DNA through reverse tramscriptianml. On the
athar hand, It is posnible to eequence @ part of a protejn whoze gene ve
wigh to |solate and characterize, Vith the Information of the amine soid
sequence and genetlic code, It is posaible to synthesize an pligonucleatide
capable of serving as a probe to carry out molecular hybridizations. In
this manner, the desired gene |{s lsolated and charactsrized from a gene
bank.

¥. Gena llbrary or bank

it i3 created (20) starting from aither plasmids, bacteriophages, or
cosulde; 8l! contalning elthar watural geres (gene bank]l or DNA comple-
sentary <(cDNA) to the amessenger RMA pepulatfiomn of a particuiar tisgsue or
cell (cDNA bank). Basically, what {3 done with Qthese banks i3 Rto take
advantage of the classical bacterial wodels that have been so useful to
alucidate the wvaleculae basls of the regulation mnd expreasion in pro-
karyotics, to study the molecvlar genetics of higher organisas,

Briefly, to clune and isolate = gene, the following steps ace carrled
out:

L. The genocme under study is lsolated
¢. 1t 13 then fragaanted By the use of restrictian enZymes

3. The resulting DHA fraguents mre introduced In maleculsc vehicles,
thue conatructing gene banks,

4. A radiocactive probea containing a conplementary sequence to the gene
portion that we propose to isclate, 1s used ta ldentify Lthe clone
that contalns the gene undar study.

5. Sufficlient quantities of the desired gewe 13 purified. i

€. The degired gene ig characterized. -

After carrylng out thees steps, the gene [s umed to perform the
pertinent studies which help us understand the evalutlionary histoty and
gena functians {n the living organiam,.

From the nugercus studies carrled out concerning the molecular
structure and organization of the genes in eukaryotics, the term, apllt
gene, has eaerged (2). The wajority af the genes in higher organisas are
dlgcont lnuous. This wesns that the DNA which codes for the protein {a
interrupted by non-ceding regions known ag Lntrons, These Lntrons fcora
part, a8 vell a8 the code reglons tor axonsl, of the prisary transcript af
the gene; but, are eventually eliminated to praduce the wature wRNHA which
later Is translated into a speclfic pratein. in fig. 1, the molecular
anztomy of the split gone wodel 1is outlined. Besldas the imtrons and
enone, =ome DNA reglons or sequences are described. These DNA reglons are
also laportant 10 achleve a precise and efficient expgresslon of thsse type
of genes.
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FXPERIMENTAL APPROACHES: THEIR STRATEGY AND INTERRELATIONSHIP

The experiments described Ln this section, were possible due to the
developeent of Recombinant DNA technlques, Starting frow the ides of
exploiting the human placenta &s ths experisental madel to study the
wechenisas which regulate the specific genetic expression of the tissue,
and using recozbinant DNA technigues; aur effort vas Cocused tovards the

blogenesis o¢f the most abundant protein in this organ, the Placental
Lactogen hormane (hPL).

The particular aobjectives of our expariments wvere tg {identify the
companents and to elucidate the ditferent steps involved in the genctic
flow of infarwation responsible for the synthesis and regulation of this
palypeptide harmone.

TATA Bex Left Spiice  Right Splies Polyadenyiwtian
CAT Boa l Capalng St Jm\\:ﬁm IJurmim Simd\
A

——JE!ET_Izﬂ:%—___:—::

CAY Box®: CAAT Left Sphes Junction: AGIGTA

TATA Bax: TATAAAA Right Splice Junctioh: TXCAGH

Capping Site: GTTGCTCCTXAC Palyadenylation Signal: AATAAA

" positen veriaia 2 = untransisted regon
p— Cle- Flanking Regions
From; Lawin [12800 Wl - inuon

L. een

Flg. 1. Caneonical protein-ancoding onammalian gene. The
tigucre shows the structural and regulatory
2gquences that charactarize thig type of genes.

Iln 1978, we wstarted to investigate the genetic expression of WPL by
trying to ifgolate and charaaterize the OUNA dependent RNA polymardse type
I! of human placenta. Thls enzyme {3 respansible In cascying aut the
transcelption ¢f the genes that code for proteins. Baecause at this, it
pleys a key role 1in the functioning of the cell. However, this mpproach
vas somewhat premsature sinca we first had ta establish hov to isalate and
then blochemically and structurally charactetize placental nuciet, vhich
were Lo be our source af the enzywe. Once wve accosplished thls requisite
(21) the isolatlon gf the enzyms Gturned out to be a difficult praject,
Bestdes the interent difflculties related with the technlcal proceduras %o
be used, prohiems related with endogencus proteases and a lack af knowle-
dge of the quatermary structurs, were added an to cur already exlisting
problees, In splte af this, ve were pble ta partially purlfy the enzyce
and 8t lesst four of {ts subunits vere detected (22), This was achleved

through the wuse of electrapharesis in polyacrylaside gels with spdium
dodeci! sulphate (SDS).
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¥ith the coming of the DNA recombinant technology, the wmamner ta
sttack the prodlem acquired a new fogcus, The molecular cioning of genea of
higher arganisas and the use af genatic engineering caused a revolution
fn the laboratories dedlcated to the study of the gene expression and
regulatiaon, With @& new pian ip olnd, adding these new techniques tg the
existing ones {n our laboratory, we begam te ldentify the elesents that
were involved in the different regulation 1levelg of the blosynthesls of
hPL ¢23). Brietly, ve wili mention our experlmental strategy which can be
used a3 B yseful guide to present similar studies,

1) The In vitro syathesis of hPL and of {ts precucser torm (pre-hPL) was
studied (24).

2) The aRNA and pre-sRNA's for hPL were cheracterized (24).

3) The canstruction af a <¢DNA bank (ONAs vhich wvere copied fros mRNA
using the ceversde transcriptase enzyse) waa performed using terminai
husnan placenta aRHAs (24). :

4) The oDNA derived from the hPL mRANA was fsclated (24),

5) Thls vloned cDNA was characterized, and sequenced {2S),

§) The chromascgmal localization of the NWPL and hGH genes was carried out
by in situ hybridlization ¢28),

7)  The number of genes forf thesg twe havmonas was estimated (26),

8) The nuclear genes (27) for these hormanes were lsalated from a library
of the human genome.

9} The cloned <DNA was hybridized agalnst cloned hPL genes to form
heteroduplexes (i.e. double stranded UNA molecules {forped between one
gtrend of cDHA and the couplesentary sttand of the gene). The exaaina-
tion ot these hybrid DNA aolecules with tha electron sicroscope,
revealed the presence af four small intcrons in the hPL genss (24).

10) Two genes for hFL, tvo tor hGH and ane hPL-1ike geme vere identified
{23).

1{) The expresaion of the genes for hPL were analyzed (28,

42} The hPL - like gene uas sequenced showing sisilarities with the genes
tar hPL.
-

13) Elements Invalved in regulatlion of hPL transcription wvere f{dentified.

The enperimental projects and their results are deacribed a=
fallows:

FMOLECULAR STRUCTURE

HMolecular cloning ot the mRNA far WPL

Using the sste experlmental model (the placsats? but vIth wore
pawerful methods at hand, we proposed nev and more ambitious questions:

Mhy 18 {t that the placenta at term contalng four tg five times more
transliatable pRNA for hPFL than f{rat zirliesster piacenta?. What were the
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In an effart to respand to these guestiona, we declded tao atudy the
strycture, abundance and origin ot the osRNA far hPL.

Projects carried out by other lnvegtigatars () indicated that the
aBNA for hPL should contain approximately 90G nucleatides. (n addltian, &
tragaent of S50 baye pairs correspanding ta a poriice vf DNA complementary
t0 the WPL mRNA (synthesized using raverse trapscziptege end the DHNA
galyserase | of Escherjchia ¢oll) was aiready cloned in plasaid ¢29],

¥es leclated the tatal nuclelc eclds ?fros term placenta. The high
soleguler veight RNAs were purified by the use of selsctive precipitation
with 3M sodium acetate, pH 5.2. From these RNAs, the mRNA vere selected
through affinlty chromatography in columns of oilgo-dT-cellulose. Thls was
schievad 8y expleoiting the characterlstic property o!f wikNA's possesslng
poly A “tatls™ in the 3" end.

The RNA messengers were tranglated in a celj-free system prepared
troca rabblt reticulocyteas and mouse cell cultores. The synthezized
proteina (which warg radicactively Ilabeled) wvere amlyzed by the use af
electrophoresis in polyacryltamide geis with SDS. By carrying out lemuna-
procipitation using anti-hPL serum twao bands wvere ohsarved: aomne that ca-
wlgrated vwith purified HPL and another wmote prodivent; that wmoat (fkely
represented & pre-hPL (l.a. the igeature form of WU containing the signal
peptidel. The suw of these two bands rapresented approximately 15% of the
total radicactively labeled protein.

Yhen the RHA messengers were analyzed thromgh electropharesis im
utea-zgcid-agarove geis, a proeinent band of approtisately 880 nucleot{des
was observed (2a4). A bgnd of the same wagnituwde was obsarved wuhen s
recogbinant plasaid, which contained the cDNA [fragesemt of S50 nuc!eotides
of hPL (301, wvas lzbeled with *?P and hybrjdized sgainst total RNAs {ixed
within tilters. %hen the nuclear RNA was analyzed wsing this same zethod,
four sdditlonal bande uera ohserved of 990, 1200, 1450 and 1760 nucleo-
tides., These wmoat likely are the hPlL wRANA precursors, The RNA aesssengers
weére algo used tao zanstruct a cDNA bank.

Approxlmately 5% of the recombinant clores, whjch cgnstitute the
bank, hybridized with seguences of hPL DHA., This Indicated that the RNA
sessenger for hPL 19 cartainly abundant In terminal placental tissus, Gne
ol the cjowes which goared positive iw the hybridization, caontainsd a cDNA
of upproximately €35 bage pairs. This clane ¥as imlated and charactarized
by tha use ot restrictian enzympes torming the map seen In flg. 2.

cDNA molecuies were hydridized with noleules of the hPL gene to
construct what 35 knpown 38 a hetergduplex, T™e electrenie mlcrascape
analysis af the heteroduplex reveled the presemss, in the hPFL gana, of
four soril introns or latervemient sequences (fig. 3) which explaing the
prasence and sizes af the four precursors for the BPL gRNA present in the
nuclear RNA.

The {mportance of these rasylts ls that they gstablished for the
t{irst tige the folloving:

L. The cooplete map of the recagnitioe sites of the restrict(on
enzyaes present in the coeplewentary DMA of the mRANA for hPL.

2. The existence of precursors (pre-mRNA} of the aRNA for hPL.
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=z untranslated reglons
oo dC-tail
v tetramer insertion
Map and organization of the hPL cDNA insert of

Fig. 2.

phPLE1S. It contains the 651 nucleotides (nuc.)
coding for the 26 aminoacids of the signal peptide
and 191 aminocacids of the mature hPL hormone. In
additicon, the insert also includes 24 nuc. of the 5'
unstranslated region and 111 nuo. of the 3' untrans-
lated region.
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Fig. 3. Molecular structure of the human placental lactogen
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genes. The {information obtained from the analysia
of 16 heteroduplexes, as the one of the electron
micrograph at the left, was used to determine the
molecular structure of the human placental lactogen
genes (represented by hPLs). The heteroduplexes
were formed by hibridization of plasmid DNA
(phPLB15, dashed line) containing the cDNA tao hPL
mRNA, with the DNA containing the hPL; gene (soclid
Iine). Four small intervening sequences are
detected in the hetercduplex region at positions
indicated by arrows labeled A-D. Magnification is

indicated by bar length of 0.1 pum §n lower left
corner.
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_hPL, tha results ecould also be sapplled to

3.  The presence of four introms In the gene for MPL,

Chronosowal locmllzztlon of Lhe hPL-hGH gene compie:

Un which chegmosoma 3ce the genes for hFL lacated om and houw many are
toding for thisz hormone?.

To directly visualize the genes in their chromososal Ilccationis) sn
experiment involving hybridization of DNA in metaphase chromosomes vith a
radicactive labeled probe (*H) was carried outl, The probe consisted of a
portion of cosplementary DHA to the messenger RNA tar the (WPL) which was
clored in the molecular vehicle known as pER322 (14). .

The smolecular hybridization way carried out In the presence ot
dextran sulphate 10%, which accelerates by ten= fald the velocity of the
proceas of hybridizatieonm. Anpthesr iwportant tactor vwhich declisively
contributed to our success §n the chromoscasl localietbon af genes with
very fev copies per genome, was the presence of the ONA chalns of the
veator cavalently linked to the inzert. These single ohain DNAS hamging
from the site of hybridization vhere the Insert 1is hybridlzed served as
an anchor for sultiple hybridizations betwsen cosplewentary chains af the

denatured plasaid, resuiting In an increamsed accusulation of specitie
sadloactivivy.

The number of coples of genes {ar hPL and far human growth horsone
(hGH) wvas detarsined tnraugh hybridization experivent on nitrocelul lose
fiiter, In this experiment, sawples of chicken cell DNA vere tested in
parallal mized with quantities of the recombinant plaszid {(containing the
cONA for the messenger RNA of RFPL) calculated in such 2a way that they
represented 12,6 and 6 gene oopies per humen haploid genawe.

Even though the experjwents described above Lnvolve DNA sequences for
the hGH genes. Thegse two
hormones are very clasaely related with respect tc their evoliution and
their respective DHA demonstrate m high degree of sequence mimilary; due
to this, they easily hybridize with one another, It way discovered that
thers existed appraximately three gemes tor HPL and three genes tor AGH
per huean haplnid gencme and all of them were located im the chrososomis
segnent known as 17q22-24 (lang ars of chromoseme 171

These experimunts degonstrated the greal utllity of the hybridizaticm
in situ for the wapping of genex found in very few coples in the husan

gonoke. Besldes, they demonstrate for the first tlae, the subchramotuwal
lecalization of the genes for hPL end hGH.

Isgiation and characterization gt the wembers of the multi-genw fawi

Having veritfad 1the mumber, the chromcsome localization, the male-
cular anatomy of the hPFL and hGH genes, and counting with the camplete
ressanger RNA for hPL sade from cDNA and finally cloned; vwe proceeded to
isolate clones Trom the human gene Bank (27), These cloneg contained
complepentary sequences to & portion of the cONA tfer the sRNA of AFL
clared (3} into pBA322. Thig recovbinent plasaid, proportioned by Or.
Peter Sgedurg, Is known gp pBRIZ2-HCS, (MCS standg tor Husen Somatomammo=
tropin, name also given far hPL).

¥idd took DHA {from the recombinant plasoid, labeled 1t with 3P,
deraturali{zed it, and lpmediately hybridized it ageinst phage recombinant
DNAS originating fros the gene bank, Froe a total of BCO,000 plisques of
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pheges anaiyzed, the seven that resulted positive, were groun and thelr
OMAs purified. The ONA abtaired irom each recombinant phage, wags charac-
terized using restriction enzymes and hybridized against the hPL cONA to
locate regfans containing hPL or AGH genes. Seven different genes were
identltlod: hPLlp hqu. .lFL.' hFL‘, hGH‘. hGH; and ]‘GH;1

In at least two phages; ve were able to veriiy the cornection betvesn
a WL and 2 hGH gene. Ln addition, 1in another phage, we conflrmed the
linkage betwveen two hPL genes. Thls indicated that probauly ail the genes
vere related with eaoh otherj thus suggesting, that all of these genes
evalved from a comean ancestar and that they originated by wechanisms of
gene duplication and diversion, In @ore receant studies we established that
hPLy and hPL., were the same gene, reducing to three the nuamber of genes
¢ar hPL (hPL; ,hFL« anrd RPL; ). Alsc, the axistance of the hCH: gene vas nat
confirmed.

T n tru by

The molecular atructures of the genes wera obtmined by four different
methods. These were: L) hybridizations on mitrocellulose filters (33} of
the labeled cDNA (probel, against DNA ¢rom tha fragmented genes obtained
by the use of restriction enzymes. 2) comparing saps that contained
varigus testriction enzyze cutting pcaitiens carried out for every gene,
3) confirelang information obtalned by determining the nuclestide sequence
of the regions that flank the initlation and termination points of the
genes, as well &3, the borderg between the exong and introns. 4) and
finally, obtaining formation frow the iiterature concerning the sequences
of the cDNA and the gene far grawth hormone, described by other groups ot
investlgators (31,32). Four of the genes showed & very high degree of
nucleotide sequence sfailarity vith each other, & vell ag quite siellar
restriction enzyme ©aps. Hovever, by: 1) the presence of repcated sequen-
ces adjacentiy to the 3’ end aof the gene, 2) the Jength af the fragments
tlanked by EcoRl sktes and 3) the presgpce of characterfgtic restriction
sites, it was possiblie to distinguish and identity each of thess genes
fig. 8). For exapple, while the two hGH genes are contained within Eca Ri
fragments of 2.6 kllobases (kb), buth contaln repstitive sequences near
thelr 3' end vregion. Furtheracre, both have unique sitegs for EzlI§. Even
though these genes possesy these similacities, one of them (hGH.) has only
one BamH} site in lts fourth iniron., As another exaaple, we can mention
the tgllowing. Twe of the genss for hPL are conteined within fragments Eco
Rl of 2.9 kb and possass unique siteg for both Xba( and HaaMi. Mowever,
they ¢an be distinguished from edch other by the presence of one (hFlLa) or
twvo (hPL,) Evull sites. As & final exampl!e, the fifth characterized gene
(hPL, ) i contained in a EccRl fragmsent of 8.5 b, which can be cut with
Xbal, liberating a fragment of 3.5 ¥kb containing the gene. In additian,
thia geme is characterizad by the abszenca of Xbal and JamMl sltes.

Molacular Anatomy of the Hulti-gene Complex

The results obtained through the jn situ hybeidization experiments
indicated that the genes were grauped within the region between the bands
q22 and q24 of chromescue 17, Due to the quantlty at DNA cantained withim
this ohroeoscuwal region {several willlons of base pairg), Ilittle could ve
deduce concerning the orgarnization of these genes. Thus varlous questiana
srise: how close are thase genes with respect to sach gther? What is the
geatial relationship that the NCH gened have with regpect to one anothar
and wvith the hPL genes? |s aach gene transcribed from the sase DONA chain
thus waintaining the ssme sense of tranmacript directlom; or, do members
exigt that are transcribed from the opposita chain?
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Fig. 4. The members of the hPL-hGH multi-gene family. Thasa
enzymes useful to destinguish the different genes
are Iin oircles or boxes. hGH-1 ls the same as hGHy,
while hGH-2 i3 mleEo known zs hGHv.

Ta solve these inquiries mot only the dats cbtalmed frouw the isalated
recaabinant phages were analyzed; but, also we used {nformation froa other
laboratories who wers miso working on Lthe same theme. The data obtained
from the malecuiar genetlc analygis af patients wha presented § cangen=
ital absence of hGH or hPFL was also very useful e us. For exasple, 8
patient who presented with an absence af hPL (see Fig. &), was shown tg
possess a deletion ot approximately 35 kb with the losgs of the genas WL,
hGH; and WFL,, (t was concluded that at least these three genos vere quite
close to each gther. Having found recombinant phages containing tve genes
vhich wara always one of the hFL type and the ather of the hGH type, wasx
particulary valuable in the establisheent af the molecular anatosy of the
genetic ccmplex far HPL and hGH. This indicated that not only are the
genea close to each other but, thal thay are also interslsed uith reaspeat
tu their spatial arrangement along the <chrososome. in fig. 5, the sap
peoposed tor the genstic coumpler iw illustrated. This wap was lzter
confirsed by 1e6lating cosmid <clones contalning ali tha gene wmaeabers of
the hGH-hFL genp compiex (33).

GENETIC EXPRESSION

hPL_gene expreasion

Vhat Lls the reason for the wultiplficity af the hPL genes? Vhat might
be the function ¢f these genes? Hight It be that all are transcriptionally
active Lln the tsra placenta or, are sowe of them pseudogenes? To answer
these questions the follawing exparinants vere designed.

Fltteen recoobinant plasalds were selected from a cDNA  bank of terw
placenta RNA, that tested posltive when they were hyhrldlaed to deteat
coup lementary gsequences to hPL cDNA. Heaving knoviedgs of the map indica-
ting the characteristic cleavage sites far the restrictian enzymes of each
bPL gene {(see fig. 84); we proceeded to cut the DNAs of these L5 plasaids
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with the rvestriction enzyues, This was performed with the objet.e of
¢indlng cONAa correspanding to hPL transcripts of tha GPL;, hPL: an ‘Pl
genes. By using this wethad, these genes could be diletinguisheg r the
absence or presence of cartain sites of tha diagnostic rastriction ezraes
for sach gene. We were abis to detect plaseids with Insert characte:stle
ot hPL. and nPL; but not hovever for the characteristics ezpectec 3r a
trangeript of NFL,, In this manner, we& vere able to establish = the
ficst tima, that h?PL; and HPL; were transcriptionally active i:-erm
placenta; and that pogsibly, WPL, was = pseudogens or that 1t l9 esprssed
in other steges of the placental developaent. Bath oDNAs were characeri-
zad and sequanced. Their representation in the ters placenta, dete=aned
by three dlfferent experiments, was estimated to be [In the proportiz of
tvo to three for the RNA mesgengers of hFly and hPl. respectively.

hGH Patwnt hPL Patent
datletion dalglion
7.5 hb) < (~35 khb} ——
5 hGH=1 hPL -1 g hPL—4 é hGH-2 -3
I L} | L) 4 T
L] 19 20 30 40 80 &>
f Eco A
G Hed @
& Sam

Fig. S. Uinkage weap of the hPL-hGH multi~-gene cluster.
This map was constructed using {nformation from
restriction enzyme analysis of recombinant phages
containing hPL and hGH genes, and the analysis of
information from a molecular study of DNA from a
petient with &antenatal deficienocy of h©hPL (see
ref.46)., The areas btelieved to be deleted 1n this
patient and in 2 patient with fawilial isolated
groveth hormone deficiency are indicated adbove the,

map. L

Filnally, comparing the sequences of both ¢DNAs, 10 diffarencey {n the
nuclentide posltiong were detectsd; although omly one of thes, cuased a
thange in the amino acid sequence. This changa 18 located in the signal
peptide, which means that when this pratein is processed before secratian,
the mature pratein coded by sach of the twvo different genes Is [dentical.

DNA seguencea involved jun regulstion gf the hEL gene,

Most cellular and viral genes have been shown to contaln cls-acting
sequences which regulate transcription of the gene. Some 0f thets gdequence
inciude the TATA box and CAAT box loceted (n tha upstrezs promcter
reglons. Also hormone receptar sites, enhancers, and gsequences which bind
genersl or tissue geprcitic {factors can alter gens express:on, These
tegularary regionsg may be found upstream, downzlream oF within a gene.
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Ve surveyad the entivre hPL-hGH gene cluster for the presence o!f
transcriptional enhancers (34). The gene ciuster wvas digested wvith EcoRl
rnd each restriction tragaent was tesied, wusing a transformatlion assay,
tfor wohencer activity {n WPL producing choriocarclnoma cells. The only
enhancer detected was located 2 kb 3' to tha aPL, gene (fig. 6).

A vector construct (flg. 7) containing the hPL enhancer 11nked @ the
repartay genw chlorsaphenicol acetyl transternse (CAT) wunder the control
of the SV40Q promsoter vas uged in transfection studies to tfurther charack-
etize the hPL enhancer. These 9Studies showed the enhancer was tiszue
speclfic as [t was active only Ln cells which praduce hPL. Teansfection
studles using chorlocercinoma cell 1lilnes have wsublocalized the hPL
enhancer ta 8 730 bp Accl-Aval restriction fragment,

Deletion anelysis of the emhancer suggests that asulilple sequences
throughout the 730 bp enhancer are necessary for enhancer activity, Ome
region may Oe more lepoctant than others as over 60X of enhancer activity
was found within the 5* most 210 base pares (bp). Protein binding studles
guggest another 265 bp reglion (region 11, fig. 6) may alvo be jwportant.
Thig region specifically binds protein tound oOaly Iin: placental nuolesr
extracts. Regians | and [!! bind nuclear proteins <commcn to both cells
which praduce hPL and celle which do not producs hPL.

h__q ) S—1 L 'S — 1 A | 1 J
1M 100 X0 W 400 S0 60 T 80§ W00 B

Fig, 6. hPL gene and regulatory sequences. Restrictlon
enzyae digestlon waps 0! bolh the prowmdter and
enhancer reglons are shown. Boxes correspond teo
hPL;y exons. Enhancer restrictian {ragments
tegted for nuclear protain <« DNA interactlions
ara denated as [, [1, [L§ and LV.

DNA sequences extending 500 bp upstresa af the hPL and hGH genes are
95% homologaus. When these SO0 bp regions were (ngerted §' to the CAT gene
they were each shown to have low promoter activity. However, when the hPL
eahancer was linked to elther the hFL or HGH promcter, a swacked difterence
in transcriptlon activity was noted. Transcription amctivity of the APFL-
promoter hFL-¢nhancer pair wasg 10-fold higher coapared to that af the
prosoter alana, and § fold higher than the hGH-praowoter hPL-enhancer
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coubination. This suggests that the hPL enhancer may act preferentially on
the hPFL prowoter.

g’ AP, enhanosy

CAT

S0, hPL, or hGH Fi
Prometars

Fige 7. CAT vector far hPL promoter and
enhancer atudies. Plaamld vectar
containing the praomoter less
bacterial gené for chlioramphenl-
cal acetyl tranaferase (CAT).
Promoter sequehced were inserted
6' to CAT and enhancer sequences
added 3' to CAT.

}s hPL;
L1}
in its
Thae WPL promoter was analyzed to determine sequences that are we caou!
faportant tor regulating the transcriptlion of hPFlL. Deletion mutants wvere conta i
created by digesting the SO0 bp hFL promoter with various restriction {nto ti
enzymes, The resulting DNA tragmants al]l econtained tha sawe 3' ond but
varied in length of S' saquence (fig. 8). The deletion {ragaents were A
ligated 5§’ ta the CAT gene In a vectar that siso contained the hPL digests
anhancer to increase activity (seg fig. 7). The plasaids vere teansfected digest
into placental choriccarcinoama cells and e level ot CAT activity a3zseyed apprap
to detaraine the tranzcriptional strength af each prosoter mutant. Maximal Recomb
sctivity vas seen when the promoter contalned 380 bp of DNA and decressing ldent{
the gsize of the promoter to L52 bp did not lower thig high activity, sanger
Inithal experiments ghowed lower aqtivity when the prosoter fragments recamb
cantained 2300 bp ar 500 bp of wupstrear DNA sequence. A pranounced charac
dacrease (7-10 fold) In CAT activity way seen when the prosoter was weaber
reduced ta 129 bp, This low activity was &lso geen when the sequences thig ¢
betueen -152 bp and -129 bp were tewoved froam the 390 bp fragment (390 eristl
SA). A new 142 bp clone was prepared and it had activity sisilar to the balow.
152 bp clone {indicating that an jeportant reglom tor transcription is
cantaingd between tha DNA sequences -142 and +129 bp. This sequence aay be 1
impactant for binding trans-acting factors which stimulate the tramnscrip-
tion of the hPL gene. .
The hPL genes contain sequences both 5° and 3' to the genes that are
iwpaortant far Its transcriptlonsl control. Further study of these reglons 3
say slucidate thefr wamechanism¢a) of action in the regulation of hPL
expresgsian.
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Fig. ©. Deleti{on mutants of the hPL prowoter.
Deletion wutants of the HhPL promoter were
created by digesting the DNA with various
regtrictian enzymes, The {ragments (30]id
Iine) all had identical 3* ends but decrea-
fing amounts af S’ DNA.

is bPL, a pgeudogene?

What was the mature af the hPL, gene? What type of proteimn was coded
in ity nuclieotide sequenca? Was thls gene, vhoze tramscriptiomal prgducts
ve could not find {n term placentd, potentially functionel? or did it
contain sutations that rendered it a3 a pseudogene? Ta obtain an insight
inta these uncertainties, we declided to dissect the hPL, gene.

A 3.9 kb EcoRl - Xbal DNA fraguent: cantaining the RAPL, gene wag
dlgested with various restriction enzymes. Allquats af each ai these
digestiony were ligated tg H13 vectors that had mlready been cut with the
appropriate regtrictlon enzymes to generate compatible ends for cloning.
Recosbinants for sach ¢f the different fragments spanning the gene vere
fdentffied and their single stranded DNAs were purified. The methad of
Sanger (18) vas used %o determine the seguence of the inserts In these HII
recoubinants, The anilysie o©f the hPL, sequence {ndicated that the
chartacteristics of this gene are very osisilar 0 thuse of Lhe other
senbers of hPL-hGH gene complex. However, (n spite of these simfilarities
this gene possesses unique features. Both, ths comman end unique charact-
erilstigs &t the APL, gene with ragard to the other hPL genes ara llisted
belov,

i It contains five exgns of identical length to those In the gthar
WPL and hGH genes,

2. 1t containa nocmal TATA (-3C) and CAT (-B4) boxes.

3. [t conteins & normal polyadenyiatian signal which {s fallcwed by
a characteristic truncated Alu el!exent located 100 nucleotldes
further downstreamw.




LIk

4. The protein that it encodes differs in 16 amino acld pozlitians,

as compared to the watucre WFL proteln coded by the hPL. and
hPLJ .

5. The WPL( gene contains a G to A4 transition at the S' splice
consensus slle of the gecond lntron; thus, preventing pre-mREA

processing at this site and classitying hPL, as 8 pseuvdogene
candidate.

When ve zearched for the psesence of hPL, gene cUNA clones in 3 husam
term placenta c¢DNA ilbrary, we did not detect them (25). The search far
transcripts of this gene by ather group of Investigators ¢(39), who used
hPL, gone speciflic oligonuclieatides, was alse unsuccesgful. This evidence
ajong with the presence O0f the point wmutation at 5' splice zsite af the
second {mtron af hPL,, that Iin ather gemes (3G) has been proven to be a

cause ol gene fnactivity; strongly suggested that thls gens vas a pseudo-
geng.,

More direct exparimental evidence was required to resch a definitive
concluslon regarding hPL; gene expression, We decided to tast In s
transient expreesion experiment, {f the splice site point mutation In HPL,
rendered it wunable to generate a wature @=fRNA., We rationallzed that
adequate controla for this experiment should be tu introduce the wutation
present in hPL, into a noraal hPL gene and see {f 1t now becomes defective
in the preoduction of sature mBNA, and to revert to wild type the mutatign
in bPL; to see If (¢t naw becomes active. The assunption behind these
experiments wvas that the polnt wmukation wvas the only cause of hPL-l
apparent gené Llnactivity. Next, we went om testing this assumption.

Comparlsans of the nuclectide sequences argund the reglom of the 5°
splice donor slte, contained In the active hPL-3 gene and the putative
hPL-1 pseudogene, made it clear Lhat we could easily exchange Rthe sutated
area batween these twa genes. We found Pwull and Sacl sltes located 30
base pairs upstream and 86 base palrs downstream of the wautation site,
Tespectively. The seguences in this restriction fragwent, of approximately
120 op, difiers among the two genes in only four hucleotide positions. In
addition tg the single point oytakion in the 5" donor splice slte, there
vere three othar nucligotides sites vithin this reglon whers these gengs
difter, The additional changes, however, are located ingids the intron at
6,27 and 64 bp downstream from thea exon-intron bordex, positions that
Eguld be taken as of ifttle iwportance for the pre-mRNA procezsing.

= MWe carried out the ghuffling of this regstriction 2ragment among hWPL:

and hPL; genex. To our advantage, the differences betweean these twa genes
inside the second intron sequences, sere assoclated with amn Alul site.
Thus, the succes=ful exchange of the Pvull-5ac]l fraghent <could be maonitu-
red by Alul digestions of the recombinant hybrld genes.

Furthermorae, to leave no doubt of the ldentity of the recowbined
genea, ve determimad their nuclaotide sequence in the area araund the

exchange site. In this manner we were suce we had our recosbined and wild
type genes to test our hypothesls.

Ve next fonstructed a nmew plaswid veetor derived frow pCHVCat (a
plasnid containing cytomegalovirus enhancer-promoter control sequences
fused to chloramphenical =acelyl Lransfersse structural gene). This
construction was shown previously to be a paverful! expresslon system (37).
Our new vectar called pAVE-1 containg: pER322 (13) segquences frow the
EcoRl site Lto the Accl site; the enhancer-promoteér sequences of cylo-
wegalovirus (37); and the polyllnker reglon of pUCLIB (38). We then

48

supclont
ready t

Te

duce th
qu. ﬂ{
transie
'facll@
,cuVCat

methpc
glyoxs
the RP
Ted tl
Indic:
astur
with :
wlld-




: ) sitions,
”::op"’“ e

5' splice
st i%g pre-sRNA
; e p;cudogene

{n @ human
"m gearch for
(5,. wvho used

4 g definitive
to test in a
tion in hPL,
aticnalized that
.s the sutation
g defective
woe the mutation
jen behind these
 cause of hPL-1
sugption.

nglon  of the 5°'
snd the putative
age the mutated
sites located 30

sutation site,
of approximately
de positions. In
lice site, there
vere these genes
ide the intron at
, pesitions that
scessing.

L asong hPL;
these two genes
W an Alul site.
teuld be monito-

4 the recombined
i1t around the
“bined and wild

s pCHVCat (a
Sntro) sequences
i*ne). This
Hon system (37).
“i6es  from the
“*ices of cyto-
). Ve then

,ubclonod into pAVE-1 the structural regions of cur test genes and were
ready to assay thelr expression (fig. 9).

To determine the expression of our hybrid genmes, we choose to intro-
duce them Into cultured cells (transient expression-assay) by the techni-

que of calcium-phosphate-DNA coprecipitation (39). The efficiency of

transfection was evaluated by using the CAT assay carrled out on a
traction of the cultured celis cotransfected with both the test gene and
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Fig. 9. Subcleoning of hPL genes into the
expression vector. The hPLy; genes
were directly cloned in pAVE-1i from
‘their Bam HI site at beginning of
the first exon to the Eco RI site
at the 3' end of the gene. A
different strategy was used for the
hPL-1 genes since they |lasck the
Bam H! site. To clone them, we
replaced the 5' end of these genes
with that of the hPL=3 gene, from
the Bam HI site +to the Pvu Il in
the second exon.

Ve isclated total RNA from the remaining transfected cells by the
methad of guanidinius isothyocianate-lithium chlaride (&40). Then we
glyoxalated the RNA and separated it in an agarose gel. We transferred
the RNA to a nitrocellulose membrane and hybridized it with an oligolabe-
led hPL cDNA probe. The preliminary resuits from this type of analysis
indicated that the wild-type hPL-1 gene {s not capable of producing a
pature mRNA and that when its putated splice donor site is substituted
vith a normal one this gene deffect is reversed, On the other hand, the
wild-type hPL-3 gene produces good levels of hPL nRNA and which are
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drastically decresed wuhen this gene harbors the mutatiom present §n hPL-1 |snedlat®

ear. nstuen! Pr

¢ IpSVIPt"GN
Therefore, we concluded that hPL-1 s a pseudogens because, evem when ghis strus

§t nas a high sisilarity to the hPL aclive genes, does nol praduce a ylotting &

mature sRNA. these® trard

ly_ The &

hGH gene sxpression potensy of
strangest

Even thaugh the 22 kllodaltoms faora of human growth hormone, the one proioter !
which normally clsculates In the blood, Is coded by the gene located In the lovest

the 5' reglion of the emulti-gene complex (the WGH,, or hGH«, « belng of MT-(.

"norsal™). The expression of the secend hGH gene, hGH; ar hGHv (v baing
“variant™), has been detected using an expression vactor darived from the
wonkey slmlan virus 40 (SV4A0). When cells In culture are {nfected with
this recombinant virug the transcription of gens can Dbe chserved; and as
resvil, there (5 a productioen of a hormone that differs in 13 asino aeid
positions with respect ta hGH, (41), More recently, by the use af synthe-
tic ollgonucleotides specific tar the hGH; gene, levels ol hGH, =RNA st
leagt four ordeps of magnitude Jower tham those of hPL =RENA, were detected
in term placenta (42). VYp ta now, it is not kmown what passlidble function
say havs this hGHv gene product.

The complications do not end here since the primary transoripticnm
product of the hGH gene, i3 regulated In its processing. Due tco the
presance af two alternstive splicing sites in the elimination of one of
1ts intron (43); the additional sRNA that 1s produced, gives rise to a
variant af the normal growth hormaone (of 20 kilodaltons), vhich regresents
approximately 10% of the growih borsone activity present in ths pituftary
gland,

Expression and functiona! analysis of transfected hGH _and hPL genes:

hGH and hPL arte the two we!l characterized products of the hGH and

hPL multigene complex, They shacre B85% of thelir sminoacids. hGH is unique

among the anleal! graweth bharacnes (n thai |t possesses prolactin-)ike

activity. hPL alse shows prolactin-like activity a&nd in spite of its

sequence sloilarity to hGH, it is virtually inactive ag GH. The structura!

r giwilarities and functional Fifferences of these horsones offers a good
apportunity te study the evoiutlion of functional deeains In protetins.

Fi

Ve are {nterested In siudylng the pussible functions of the less -

characterized nembers of this mnultiigene complex, Whije the waj)or praduct
of the hGHa gene (the 22 kd torm of hGH) and the ALdentical! matyre pratein
encoded by bath hPL, and hPl; ganes are &aslly obtained from pltultary
gland and placenta, respectlively, this {3 nat true for the putative
protein products of the ressining gene wocuwberd. The protelims encoded by
the hGHv arnd the APL, g¢enes, gnd any oather minor products generatad
through dlfferential splicing from &any of the gene wmembers can anly be
studied by recomblnant DNA approaches.

As a neccesary step ta pursue our objetive ve decided to stahlish an
efficient expressidn system based in the transfection of genes into
cuftured celis. Starting with the hGH, gene, we have constructed nev
hybrid genes (Flg. 10) by Jeining the structural reglon of this gene with
various types of <transcriptional control elements. The navel joints
plasmids hacbor the fol{owing proscter sad/or enhancer elements: the wouse
metalliothicnein | propotleér (pMThGH), the mouse wetgjothionein promoter
together with the SV40 enhancas (pNUTHGH!, the promater-enhancer of the

Qur r
vectars cm
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jepediate early gene of human cytomegalovirus (pCMVAGH), as well as the
natural prosoter of the gene in conjunction with the 5V40 enhancer
(pSVEPLNGH). As @ result, we have achlieved a good level of expression of
this structural gene by transfection §nte COS-7 cells. Both Northern
plotting and radioizmuncassay were performed to evaluate the strenght of
these transcriptional control elements and hormone secretion, respective-
ly. The best secretion of hGH was achieved using the pNUThGH plasmid. The
potency of the remaining novel joints can be ordered, going froa the
strongest to the weakest as follows: enhancer-promoter of CMV, natural
prosoter in combination with the SV40 enhancer, and finally, we obtained
gh.ml.o:ut secretion of hGH into the medlum when using alone the promoter
of p

! pSVgpthGH
: 6.9kb

B¢l
Fig. 10. Structure of hGH expressicen vectors.
With the exception of pSVgpthGH ,
whiech  contains the entire hGH gene
(including its natural promoter), all
the other vectors shown here were
- constructed by fusing the hGH gene
structural region <(BamHl site at the
beginning of the first exon to EcoRl
site at the 3" end) to various
transcriptional control elements. In
PpMThGH expregsion of hGH promoter-
less gene is directed by the mouse
metalothionein promoter. In pNUT act
both SVa0 enhancer sequences and
mouse metalothionein promower.
Finally, in pCMVhGH the transcriptio-
nal control element is the enhancer-
promoter of the inmediate early gene
of human cytomegalovirus.

Our results confirm those obtained by Paviakis et al (41). Using SV&0
vectors carrying the structural region of the hGH. and hGHv genes, they
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showved that smonkey kidney cells vere able o process hWGM prehormone snd
fecret the aature hormone into the cuiture wmedius. The amount of hGH
secreted In  our transient expressiom experiments was comparsbie to that
secreted by Verc cells lines persanently ¢transtected with a plasald
cargying an SVa0-hGH hybrid gene (34), Therelore, we are novw veady te
produce enough quantities of the other protein products encoded by the
WPL-hGH genw (awily aewbers, to start an enalysis of their possibie
functlons.

MOLECULAR BASIS OF THE DEFICIERCIES OF hGH AND hPL

In 1962, a case of a pregnant vodan was described who presented a
total asbsence of HPL (deterwined lawunaloglicelly). Even so, her pregnancy,
birth and chnild were completely norsai <45r. A poleocular study (4G) of the
hPL-hGH coaplex in this placenta, reveaied the cause of this lsck of hPL.
A DMA deletlon of approximately 35 kb (see fig. 5) which ellminated the
hPLy and hPL; genes, as wvell as hGHv, wes detectad. However, the fifth
gene (RPL;) which containg sequences related to WPL, was ret elimingied in
the deletion. 1t wes thought that maybe this gene produced &8 protein with
activities siwllar to that of WPL; elthough chemicaliy siightly diifesrent
since it did not rezmect to anti-hPL antiserua.

As described above, Information obtained at prezent from the mala-
cular dissection of the hPL, gene strong!y suggests nPL, 1s a pseudggene.
This 18 because f(t cortains o mutation in regulatory regicns (danor site
for the processing of the sesand Intron! that in other exeapled would
Inactivate the gene (3681}. This iamedlately suggested that probably hFL =ay
not be ngcessary for the pregnancy and norsal {fetal and extrauterine
grouth,

Contrary to what happens with the sbsence of the genes hPLy and hPl,
responsible tor the hPl synthesis, In = 1BBI report (47), it waz demans-
trated that in a cese of type A af husan growth hormone deflciency
(¢haracterized by dwatrfism, the completle absence of |mmuncresctive hGH and
by the gereration of antibodies In response ta hGH treatsent), the cause
¥W3% a deletiop of 7.5 Kb that eliminates only the gene tor hGH (see fig.
5).

MOLECULAR EVOLUTIGN

The sequencg, gnalysis of the gemgs has given us valyabla inforsation
to allow us to try toc regonstrugt the evalutlonary pracess aof the structe
ure of the hGH-hPL compiex. In 1871, Nial et ai. <48} noticed the
presence of sisilar sminoecid regions in the growth, pimscental tactogen
and prolactin hormones, This observatian indicated that these hormonss
vere probably related to ¢ach ather wlth respect Lt their evolution. This
vas also suggested by their phystolegical activities, since the three show
overlappling activities {w different dsgrees, Thege observstlions iead to
the rypotheasia the geaes for these hormonea camztitute a family, from an
evolutionary point of view, having orlginated from a comson ancestor. This
coamon ancestor, which is believed to be slmilar to prolactin (since [t
exlsgts in a)l vertebrated vhile the other two horsanes evolved iater (n
higher vertebrates and placental maemats), underwent a gene duplicatiom
and sybsequent divergence of the products. This leplies that there exlsted
at feast tuwo events of genglic duplication durinmg the evolution of these
horaones (flg. Li). The first estebilshed the branches of prolactin and at
growth hormane. The secand, wsost Likely occurred In the growth horasone
branch, glving rise to the placenta! lactogen horeanesd, the youngest
wepber af this faamlly,
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Fig. 11. ¥Fogeibie pathway for evolution of hPL 4n mammall-
dns. Two altenative hypothesis are presented. [n
Ltath of them = gene conversion wechanisme has
fendered the aminocacid =sequences In hPL and hGH

very sioilar (8S%),

Yalng tagzonomie, adino acid, and nucleotide sequence comparisons, 1t
has been estjgated that the firat genetlc duplication occurred approxima-
tely 400 @if(lion years agd. This estimation goes back to the times when
the evolutionary divergence of figh wnd tetrapods accurred; since the
pitultary glands ot aaphidiansg, reptiles and birds contain diﬂerent
molecules glallar to pralactin and grovtin hormone.

Egtimatigns of the gvolutlonary origin af the hWPL gene, ysing tusg
ditterent criteria;, give cantiicting results. The necessity af plaocental
lactogen acoompanied the arigin of ‘the principal orders of placental
pawmals, appronivately 75 willion yeers sgo. 0On the gther hand, the
dbeanching of the primates ogeurred about 60 million years ago, conzidered
to ve the approxkisate time when the hPL appeared. However, the anaiysis of
the aming adid and nucigotlids sequence suggest that the appearance af amn
hPL gene by duplicatlion from itg ancestor hGH gene occurred upproxisately
10 mi{ifon years ago. To resaive this paradox, it has been postulated (Aa9)
that gend canversion =zust have accurred (a nan-reciprocal, recombinant
mechanize where 2 genm serves as & mold to correct mutations {n another
gene). The tact that the genss {for lhese two hormones are contlguous uan
the samwe chromosoume, could have faclliitated this gene convessiony further-

sore this wvent aust have happened about 10 million years aga (see fig.
i,

Finally, the observationg af the intermal howgliogies of these threa
horsanes. suggest that the commpon ancestral gene could have tesulled from
a repetitive duplication process of a gene that coded for & primordial
peptide of spproniuately 20 swino sclds (483,
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PERSPECTIVES

Educ‘tlo
Guve"""
The results presented here aliov us to elucidate, st & woleculsr 2evads-
level, the route aof the genetic flow of Inforsation far Lthe Plecental
Lactogen hormone. Since 1Its startimg point In the nucleus of human H.
placental Cells and ALhrough ¢the different levels of expression, this uniuetsi
genetlic inforeation {s a product of the structure, fumction, and evolution
of thlig horwone. Th
translat
Now we know the structure of the two active genes respongible 1ar the
praduction of the hPL. They are relatively small genes {ihe sequences
present in =oRNA avre approximately 2800 bp distributed in flve smz0as REFEREN(
interrupted by Jour swall 1Introns), These tvo genes are vwithin a cluster
that includes two genes for the ¢rowth hormone and 38 fifth gene that .- F
cantains sequences that i{dentlfy ft as siwiler t¢ the hPL genes. These sl
genes sre distributed in approxivately 50,000 bp of DNA in the q22-24 g.~ F.
region of the human chrososcwe 17, 3.- 4.l
oe
In spite of the advances achleved, there is stiil much ta be [nvesti- a.= Ta
gated concerning Lhe expression snd regulatlon of this genetlc complex. B L
Ve kngw nothimg about the expreesion of the hPL genes during pregnancy ner g.- 0.
in trophoblast pethologles. We are Just begining to understand the 6.- P
mechanisss (imn splte of the proxinity and very high simlliarity of {tg As
genes) by which the cel| manages to control the speglfic expression at the 7.- H-
genes such that hWFL i9 produged in tha placenta, whi!e hCH be praduced in ts
the pituitary gland. The causes af sudden increase af hPL synthesis 8.- E-
during the second triaester, as well as the regulation of the synthesls of pl
hRPL are st{l) unknown. We do not kriow l! hPL is involved In the gsechanlsms 8.- J.
et initiation of labor during bisth, nor {f (it has any reole in the te
losunolagical concealment that the placents and fetus possess to avaid pi
being rejected by tha maternal lemune gystes. 10.- B.
th
1t ls necessary to perform wose definltive studies In relation ta the 2€
expressian of the hGHv gene, to better understand physiclogical role that ti.- H.
lts gene products wlght have. :l
12.- 4.
Tt 1s clear that the studies described im this assay, allov a better m
understanding of the wolecular basis that cantrol blologlcal processes so cl
jmportant such as callular differentiation and devel/opment. A better 13.- E
ynderstanding of these normal processes would help clarity the ceuses of s
genetlc and other type of alliments, the aginf procesg, and the origing of 14.- F
cancer. H
e
Certainly, this is a good wmodel ta carry out studies related ta G
genetic regulation end we hope ta cantinue leagning from it. 15.- 4
v
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SUMMARY

We have isolated, clonéd and assayed the functional
expression of pituitary cDNAs for human grawth hormone
{hGH). A =selective cDNA cloning strategy was used to
preferentially obtain both hGH 22K  and hGH 20K cDNAs.
These were used to construct minigenes which were
subcloned‘ into the eukaryotic expression vector pAVE2
(Ramirez-Solis et al., Gene 87 {1990) 291-294].
Transfection assays 1in C0OS5-7 cells of both minigenes
proved they are similarly efficient in generating mature
RNAs, and allowed the detection and visualization of the
secreted hGH-22K and hGH-20K polypeptides. Finally, the
hGHs transiently expressed and Secreted into the culture
medium by the transfected C0S5-7 cells were able to

gpecifically promote differentiation of preadipocytes

JT3-F442A to adipose cells.



INTRODUCTION

The grawth hormone normal (hGH-N) gene is the only
member of the five gene human graowth (hGHj—placental
lactogen (hPL) hormane multigene family that is expressed
in the pitultary gland {1}. In spite of its high (785%)
aminocacid sequence similarity with hPL; hGH has, as one
of its diétinctive furnictional features not shared by hFL,
the capacity to induce differentiation of adipaocytes [2].

Differential splicing of the hGH-N gene primary
transcript generates two different mRNAs. The translation
product <¢f one of these mRNAs 1ls the well characterized
22-KDa form of hGE (hGH-22K). The other mRNA contains a
45bp internal deletion and encodes the 20-kDa form of hGH
(hGH-20K) [3-4]. The 20K hGH mRNA and its corresponding
hormone are present at very low abundance in the

pituitary gland.

In vitro mutagenesis [5] and molecular cloning experi-

ments [4] have led to the isolation of the 20K hGH <CDNA.
Biological activities of the 20K-hGH have been found to
be equipotent to 22K-~-hGH in wvarious growth-promoting
assays such as tibial tests, body weight gain tests and
in somatomedin sSynthesis [6-8]. However there is
controversy related with their effects on carbohidrate
and lipid metabolism. Qur understanding of the molecular
biology, physiology and evolution of these alternative

hCHs farms, will depend on the future supply of the



recombinant versions for comparative studies.

Here we report isolation, <loning and functional
expression af both pituitary hGH <cDNAs. We have
integrated very simple cloning and production Strategies,
and evaluated the in vitro adipogenic activity of the

cbnas encoded hormones.

MATERIALS AND METHODS

Restriction and modification enzymes were purchased
from Bethesda Research Laboratories Inc. { BRL,
Gaithersburg, MD) and New England BigLabs Inc. (Beverly,
MA), and used as suggested by the supplier. (a**F]-dCTP,
*35-dATP and L-[*®S]-methionine were purchased from
Amersham Intl. (Buckinghamshire, England). The enzymatic
kit for c¢DNA synthesis was obtained from BRL and the
sequencing kit (sequenase) was purchased from United
States Biochemical (Cleveland, CH)

Total cytoplasmic RNA was isolated from pltuitary
gland by the thicocyanate-phenol-chloroform technique [9].
Quantity and dquality of RNA preparations were determined
spectrophotometrically and corroborated by agarose gel
electrophoresis [10]. Poly(A)* RNA was subseguently
selectad by 0ligo(dT)-cellulose chromatography [11]. The
poly(A)™ RNA was converted to cDNA, digested with AatIl
and Xmal and cloned into the similary cut pUCl9 plasmid..

DNA samples obtained during the procedure were
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electrophoresed in a 1.4% agarose gel, transferred to
nylon membrane (Gene Screen Plus) and analyzed by
Southern blotting {12] with an homologous 3ZP-labeled
[L3] hPL cDNA probe [l4].

DNA restriction fragments were purified from agarose or
polyacrylamide gel slices. This was performed by
electroélution or Geneclean (BI1IOQl101, La Jolla, CA)
extraction [15]. Ligations, bacterial transformations
and plasmid DNA isolations were carried out using
standard protoccls [lé]. Recombinant plasmids carrying
hGH ¢DNAs were characterized by restriction analysis and
nuclectide sequencing (16].

COS5-7 cells (a gift from T. Kuo) were adapted to

grow in Dulbecco's modified Eagle's medium (Sigma

" Chemical Co., St Louis, MO} containing 1% fetal calf

serum, (HyClone Laboratories, Inc., Logan, UT). They were
maintained aﬁ 37°C with 5% CO,. Plasmid DNA (7.5 ug/ 25
cm®  culture flask}) was transfected Dby the calcium
phosphate method [17].

Northern blot analysis of total RNA obtained from
transfected COS-7 cells and in viva labeling of newly
synthesized and secreted proteins were performed as
previously outlined [18]. Quantification of hGH was
achieved using a commercially avalilable hGH
radioimmuncassay (RIA) kit (Diagnostic Products Co., Los

Angeles, Ca). The test was performed as described [19]



directly on the tissue culture medium.

Samples of culture medium from CO0S5-7 cells transfected
with the different plasmids, were added to a final
concentration of 30% (v/v) to confluent 3T3-F442A cell
cultures supplemented with non-adipogenic medium [20].
After 7 days, cell cultures were fixed and stained with
¢il Red 6 for adipose canversion guantification. Control
cultures were also maintained with nen-adipogenic medium

with or without 25 ng/ml met hGH “=<.

RESULTS aND DTSCUSSION

Preferential cloning of pituitary hGH cDNAas,

The computer aided inspection of published hGH cDNA
sequences [21] resulted in the identification of unique
restriction enzyme sites flanking the hGH gene coding
region. At the 5' end of both hGH ¢DNAs, we chose an
Aatll site centered at cedon =20 ¢of the signal peptide
(26 amincacid aminoterminal extension). At the opposite
end, we found a convenient Xmal site located four
nucleotides after the stop codon. The 1ligation of
pituitary cDNA digested with Aatlil plus XmaI, to the
similarly cut large DNA fragment of puCl9, resulted in
the integration of hGH cDNAs into recombinant plaémids.
The success of these reactions, and thus of our
preferential cloning strategy, was monitored by southern’

blotting {12] as shown in Fig.l. Transformation of
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competent Escherichia c¢oli strain RRI with thls ligated

matérial, resulted in 18 colonies. Dot blot screening of
plasmid DNA isolated from the bacterial colonies, allowed
us to identify putative hGH <¢DNA in three clones.
Digestion with diagnogstic restriction enzywes and partial
DNA sequencing (data nmot shown), confirmed the presence
of hGH;22K cDNA  inserts in two of these clones
(designated as pDRhGH22K) aad of the hGH-20K cDNA in the
third clone (designated as pDRhGHZ0K) .

Subcloning and expression of the hGH cDNAs.

We then proceeded to subclone both hGH cDNAs from their
AatII to Xmal sites, ianto the efficient eukaryotic
expression vector pAVEZ [22] which already harbors 3' end
untranslated, polyadenylation signal and 3 end
processing sequences from the hGH gene. These cDNA copies
were not full-length. They lacked the $' and 3°
untranslated regions, as well as the first six c¢odons of
the signal peptide. To complete both <cDNAs and thus
generate minigenes, we used DNA pieces derivead froms; i)
the hPL-3 gene (from the cap site to the Pstl site
towvards the 3' end of the first exon) and 1i) the hPL-3J
¢DRA from this Pstl site to an AatII site at the
beginning of the second exen {codon -20 of signallpepti-
de, which is 26 aminoacids long). 1In spite of the
tailoring af these gene pieces, the mature hGH proteins

derived from these hybrid minigenes are coded entirely by
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the hGH cBNAs. The resulting hybrid plasmids, naned
PAVE2hGHZ22K and pAVE2hGH20K, are diagrammed in fig.2.

After transfection of CO0S-7 cells with the PpAVE2
derivatives as well as with positive (pAVE1lhGH) and

negative (pAVE2) controls [22], total cellular RNAs were

obtained and analyzed by Northern bLleot [18]. As shown in

fig. 3; the transiently expressed hPL-hGH hybrid RNAs
were specifically detected by hybridizatioan with the **p-
labeled‘hPL CDNA probe.
Cell culture productién of hGHE 22K and 20K.

Te verify the correct expression of the transfected
novel minigenes, the production <©f secreted hGH by the
transfected COS-7 cells was determined by RIA. Values of

secreted hGH-22K averaged 1259 ng per 60 mm ,culture dish

‘of transfected COQO5-7 cells. The average value f{or

secreted hGH-20K was 41 ng per the corresponding cultured
dish.

As shown above in the Northern blot experiment, the
hybridization signals given by the RNAs isolated from
cells transfected with either pPAVE2hGH2ZK or pAVEZhGHZ0K,
are similar in intensity. This indicates that in our
transfection assays, both minigenes are similarly
efficient in generating mature mRNAs, In other studles
it has been shown for the transiently expressed hGH gene,
that the mRNA expressiun levels are directly reflected in

hGH protein levels {2J}. Thus, one explanation for having
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such surprisingly low RIA values foxr hGH-20K, could be a
poor.recuguition of this variant by the highly specific
RIA. Similar results were found by Lewis et al. (1978)
who provided evidence that hGH-20K was only one-thirxd as
active as the 22K hGH in their RIA {6].

To test this hypothesis, we decided to visualize both
hGlis expressed and secreted into the medium used in the
transfection assays. The proteins synthesized by the
transfected «cells were labeled with L-(?®S] methiornine
and those secreted into the culture medium were resolved
by SDS-PAGE., The secreled proteins were then detected by
autgradiography [18]. As it cam be seen in fig, 4, the
cells transfected with pAVELhGH, which bears the hGH-N
gene expressed hGH-22K abundantly; but, the 20K form
derived from it was expressed at a lower proportian. The
hGH-22K minigene behaved as the hGH-N gene directing the
expression of large amounts of the 22K form of hGH, but
in this case no hGH-20K was observed, as expected. on
the other hand, the cells transfected with the hGH~20K
minigene expressed the hGH-20K at levels above Lhose
found in cultures transfected with hGH-N gene, but below
those of the hGH~22K produced by either of the other two
recombinant plasmids. We -'still do not have an
explanation for these differences in expression between
the 22K and 20K hGH minigenes.

Adipogenic activity of the recombinant hGHs.
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Further confirmation of the authenticity of secreted
hGlis was obtained by evaluating their ability to
specifically promote differentiation of 3T3-F442A
preadipocytes cells to adipose cells [2Z]. Results
obtained studying the biological activities of hGH
variants, indicated that measurement of  adipagenic
actiVitf is a much more sensitive assay for hGH activity
than the measurement af body weight increase ‘[24].
Control 3T3-F442a48 cell cultures supplemented with
met(hGHib°= (25 ng/ml) showed a 100% differentiation.
Those cells supplemenfed_with media samples from cultures
transfected with pDAVE2hGHZ22K alsc presented a significant
proportion of differentiated cells (see table I). Qn the
other hand, cultures exposed to medium containing hGH-20K
secreted by transfected COS-7 cells, reached lower levels
of adipose conversion (see table I). These results agree
with the hGH-2ZZK and hGH-20K protein levels detected by
autoradiography (see above). In addition, they were
similar to those obtained in experiments using pAVELhGH
as positlve control (data not shown). The non-adipogenic
medium from cells transfected only with the vector
(pAVE2) did not stimulate this diferentjation process

(table 1).
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Fighre 1. Southern blot analysis to confirm the
preferential cloning of pituitary hGH CDNAs. DNA
samples obtained during the cloning procedure of the hGH

cDNAs were size fractioned, transferred to nylon membrane

and hybridized with a radiolabeled hPL cDNA probe. Lane

CDNAs: total pituitary cDNA; Xmal+AatII: total pituitary
cDNA digested with AatII and XmalI; Cloning: ligaticn
products of the AatIl and ZXmal-digested pituitary cDNA
with similarly treated puUCl9 vector; Vector: AaatlIl and
Xmal-digested pUCLlY9 (negative control); Control: hPL cDNA
(positive control) and M: 1lkb Ladder. Left-hand= " 1.4%
agarose gel stained with ethidium bromide; right-hand=

autoradiography. ;



4.-

v

17
Figure 2. Construction of pituitary growth hormone
expression vectors. The plasmids pDRhGH20K in A& and
pPDRhGH22K in B along with an intermediate plasmid (C)
constructed in ocur laboratory containing a hPL-bGH-hGH

hybrid minigene were used for the construction of pAVEZ2

derivatives vectors. A series of isolated DNA fragments

(F,G,H aﬁd I) were assembled in different combinations in
reactions catalyzed by T4 DNA ligase. The pAVEZhGHZOK
(D) was constructed with the fragment F from the coding
sequence of 20K hGH cONA (seventh codon of pre-hormone up
till four nucleotides downstream termination codon) and
the fragments H and I from PpAVE2bGH, which lack the
corresponding coding sequence of the hPL-bGR-hGH hybrid
minigene. Like wise, pAVEZhGH22K (E) was ,constructed
Using fragment G instead of fragment F. Restriction
sites with an asterisc are not unigue in the maps shown.
Stippled box, hGH cDNAs; open box, bGH cDNA; horizontally
striped box, hPL-3 gene, vertically striped box, hPL-3
¢cDNA; Inclined striped box, hGH gene 3' end. Sizes are

not drawn at scale.
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Figure 3. Northern amalysis of hGH mRNA levels in COS—7
cells transfected with various hGH expression veclors.
Ten pug ©f total RNA from transfected COS~-7 cells were
electrophoresed in a 1.2% denaturing phosphate-agarose
gel and transferred to nitrocellulose membrane. The
probe was the radiolabeled hPL cDNA. The individual
expression vectors which were transfected are indicated
at the top of the autoradicgraphy. H y L represent lanes
containing total DNA from human pituitary gland and rat
liver, respectively. Lane labeled C represents total RNA
of mock-transfected cells. For simplicity, we used
PAVEhGHZ2X and pAVEhGH20K instead of PpAVEZhGH22K and

PAVEZNGH20K as the names of these recombinant plasmids.
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IFigure 4. Deteciion 0f Lhe radiolabelled racombinanl
proteins encoded by hGH chimeric plasmids. Ten ug of DNA
trém the indicated expression vectors were transfected
intoa C0S-7 cells and the synthesized proteins were
labelled with L-[’5S]methlonine for 4 h. & 200 ug of
protein sample was analyzed by electrophoresis on a 5-13%
discontinuous polyacrylamide (S05) qgel. Gels were dried
and subjected to autoradiography. The molecular weights
of hGH recombinant proteins are indicated Dby arrows on

the right,
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Tab}e I. Stimulation of adipose conversion by recombinant
hGH's secreted by transfected COS-7 cells.

Plasmids Adipose Conversion *
(%)

None 0.0 *+ 12.6

PAVE2 | 0.0 % 1.7

' PAVEhGHZ2K 100.0 ¥ 1.5

PAVEhGH20K 66.4 ¥ 4.5

*

Values are average and standard deviations

representing = each data from three independent

experinents,
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ABSTRACT

We have joined the promoter-less sequences of the
threa HPL genes (hPL-1, hPL-3 and hPL-4) ta strang
transcriptional control elements. in vive *°S-labeled
proteins from the culture medium of cells transfected
with the genes were resalved on SDS-polyacrylamide
gels. The presence of characteristic labeled bands,
visuglized by autoradiography, determined that hPL-4
and hPL-3, but not hPL-1, contribute to the production
of mature hPL. in these experiments fiPL-3 expressed
word ANA and protein than hPL-4. By exchanging the
first two exons among hPL and hGH genes, we
determined that the abundance of chimeric proteins
depended on the genetic arigin of the first two exons.
fFinally, we found evidence indicating that the splice
mutation (G— A) at the beginning of the second intron
of hPL-1, is not the only cause of the apparent lack of
inactivity of this gene, since its reversion does not
restore expression,

INTRODUCTION

The human growth hormome-placental [actogen gene family is
8 multigene complex comtaining (wo human growth hormone
(GH) und three human placental lactogen (hPL, also knuwn as
chononic somatommamotropin; hCS) genes (1,2). The omire
geae cluster is located vn the long arm of human chromosome
17 a1 bands q22 —~74 (3). The geaes display the faltawing 5' to
3" arrangement: hGH-N, hPL-1 (or hPL-L, L for like), hPL4
(also known as hCS-A ar hCS-1), hGH-V and hPL-3 (also named
hCS-B or hCS-2). The best characterized protein products of this
family are the scureted hGH and hPL polypeptides vontainiay
19 amino acids. They are produced in the pituitary gland and
placenta. respectively.

Recomhinant DNA analysis has revealed a paradox in the
coding potential of the hGH and hPL genes. The hGH-N gene,
both in viva and ir vitra, geaerates through differential splicing
of its primary transcription product, 22 kDa (90%) and 20 kDa
(10%) forms of hGH {4.5). The hGH-V gene, whose expression

has been demonstrated only in the placenta and in a single human
pituitary dumor (6), has recently been confirmed to also generate
in virre a 22 kDa form. Howsver, no 20 kDa proein derived
from this gene has beqn detected (7). ¢DNA cloming and DINA
sequencing also have revealed the existence in placena of a
second type of hGH-Y miRNA. By retaining an in-frame fourth
intron, this new mRNA is predicted to encode a mature protein
of 26 kDa (8).

A compictely differeat situation is observed with the hPL genes,
The hPL-4 and hPL-3 genes have been found to be active in term
placenta. In addition, thew cDNAs have been cloned and
sequenced (9). Their mRINAs are slightly divergeat in nuclectide
sequence. The encoded pre-hormones of these two mRNASs differ
in a single amino acid position within the signal peptide (at
position =24, hPL-3 codes for alunine while hPL-4 codes for
proline). Yet, the mature hormones are identical. The third gene
(hPL-[}, is presumabiy nonfunctional, since it contains & muation
(G—A) a1 the 5' or domor splice site of the sccond intron.
Transcripts derived from it have pot been detected (9, 10).
Therefore, while two hGH zenes generates at least four different
hormones, the sequences of the three hPL genes predict the
synthesis of a single form of mature hPL hormone.

The sequence of both hPL-3 and h'L-4 genes and their cDNAS,
pregdict that they might cantribute to the placental production of
hPL. However, since the mature proteins expected to be denved
from them are identical, It is impossible to distinguish their
gene(s) of origin. No evidence has been obtained demanstrating
that the expression of either gene acrually specifies the mature
hPL protein.

In this study we performed an analysis of the & vitro expression
praducts of all hPL genes, We specificully addressed the question
of whether or tot the hPL-2 and hPL-4 genss, knawn to be
rranscripuonally active im term placema, produce mature
hormones. These two genes, at ditferent expression levels, were
fourxt capable of producing an intrinsic hPL protein. Experiments
were also designed to determune if the splice point mutation at
the beginning of the first intran of the kPL-1 gene, is the only
cayse of ity apparent lack of expression.

*To whom currespandeace shaild be addressed
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MATERIALS AND METHODS

Recumbinant DNA constructivns and preparation of plasmiid
DNA

Restriction and other enzymes were obtained from commercial
suppliers and used according to thetr manufactucers instructions.
The isolation of hGH and hPL gencs have been previously
reporied (11). pNUT, constructed by R. Palmiter et al. (12)
which already carries the hGH-N structural gene in front of the
metallothionein promoter, was a generous gift. The hPL genes
cloned in pSV2gpt (13) were kindly provided by G. Saunders,
DNA restriction fragments were purified from preparative
agarosc or polyacrylamide gels. This was performed by
electroelution, or by glass bead exuraction (14) from the agarose
gel slices. hPL and hGH promotes-less geres were subcioned
into pNUT. The large BamHI to £coRI fragment of pNUT, was
ligated to DNA fragnients carrying the gemes of interest. The
genes cansisted of sequences from their natucally occurring
BamHI site (except hPL-1; see Results) at nucleatide +2, tc 3
natural or artificial (linkers) EcoRI site ocated several hundred
nucleotides downstream of the polyadenylatian signal. 1o
construct our negative control, pNUT(—), we took advaniage
of the presence, in pNUT, of two Xmal sites. They flank hGH
coding sequences: one artificial sitc is present at pasition —4,
while the other is a natural site located four nuclectides
downstream of the termination codon. By cutting with Xrma 1,
diluting and ligating back, we obtained the derivative of pNUT
lacking the hGH suuctural gene: pNUT(-).

Ligations, bacterial trarsformations and plasmid DNA isolatian
and characterization were carried owt using standard protocols
(15). Recumbinunt plasmids carrying all hGH, hPL or hybrid
genes were characterized by digesting their DNAs with several

diagnostic enzymes, by Southern blowing (16) or nucleotide
sequencing (17).

Cell culture, DNA transfection, isolation of RNA and labeling
of secreted proteins

COS-7 cells (a gift from T. Kuo) were adapted to grow in
Dulbecco’s modified Eagle's medium (Sigma chemical Co, $t
Louis MO ) containing 1% fetal calf serum (FCS), (Hyclone
Laboratories, Inc. Logan, Utah). They were maintained at 37°C
with 3% CO,. By lowering the FCS concentration we could
precipitate and analyze larger volumes of media. Plasmid DNA
(7.5 pg/ 25 cm? culture flask) was trensfected by the calcium
phusphiate method (18). We evaluated wansfoction cfficiengy
performing CAT assays or through radioactivity counting of RNA
hybrdizated with the DHFR probe in slot blots. The CAT assays
were carvied out ga 2 fraction of cultured cells ar the entire culture
co-transfected with both the test plasmid and pCMVCat (19).

Total RNA was recovered by the guanidinium thiocyanate-
phenol-chloroforn technique (20). Quantity and quality of RNA
preparations were determined spectrophatometrically  and
corroborated by agarose gel electrophoresis (135).

To label newly synthesized and secreted proteins, 48 h after
cells transfection the previously mentioned medium was replaced
for a methionine-free medium containing 1% dialyzed FCS and
TS-niethivnine (Amershan Intl, Buckinghamshire, England). /n
vivy labeling of newly synthesized proteias was performed by
extending the incubation period for an additional 4 h. We labeled
with 12,5 uCi of ¥S-muthioniae per ml of medium. The
ncubated medium was removed from culture flasks and stored.
Since, the genes under study code for secreted proteins, we
recovered their expressed products from 130 and 300 ul aliquots

of the media by precipitating twice with four volumes of cad
acetone, Subsequently, we dissolved the recovered proweins iu
layering buffer for SDS-polyacrylamide gel electrapharesis (21).

Suuthern blotting, Northerq analysis, visualization of labelet
proteins and radicimmunwanalysis

3p-gCTP was purchased from Amersham [nl.
(Buckinghamshire, England). Hybridization of DNA n
nitrocellulose membrane was cammied out as described by Southen
(16), RNA was denatured and resolved accarding (o size by
agarose gel (22) electrophoresis. Once the above was performed,
they were transferred to nitrocellulose sheets and hybridized &
the probe (23). Both hybridization techniques used as probe, 2
550 bp Haelll fragment of hPL cDNA (24) labeled with "¢
dCTP by the technique of random primers (25).

Protein samples dissolved in layering buffer were boied ier
2 nun and applied t0 5 —13% discontinuous polyacrylamude geis
(21). Gels were placed on filter paper and dried under vacum
at 80°C. The dried gels were exposed to X-ray films at row
temperature. Quantification of hGH was achieved using 2
cormmescially available hGH radioimmunoassay kit (Diagnostic
pruducts Co., Los Angeles, CA).

RESULTS

A new set of high expression plasmids for hPL structurd
genes

pINUT, comains the SY40 enhancer and metzllothonein promoter
directing the wanscription of the promoter-less hGH-N g
{figure 1A). In addition, it efficiently expresses hGH 1 cel
culture (12). We found, hy radicimmunoassay, that COS-7 cells
wransfected with pNUT by the calciurn phosphate method (18),
yvielded extracellular hGH values averaging 700 ng per 25 cuf
culture flask.

We transferred the structural sequences (promoter-less) of al
the hPL members of the hGH-hPL multigene famdily inta pNUT
(see figure 1B), This was accomplished by simply replaciag be
hGH-N gene strucniral sequences present in pNUT, for te
corresponding sequences of the hPl. genes. However, becaus:
HPL-1 gene lagks the convenient BamHI site used for the tramsfer,
we comstructed 4 hvbrid gene between hPL-1 and hPL-3 geees
to provide it with such a site. The hybrid consists of te
BamH1 -5’ end flanked first exon, first intron. and part of e
second exon of the hPL-3 gene. The test consists of hPL
sequences from the Pwiil site, within the second exon, ta e
EcoRI site at the 3' end of the gene. Having constructed
hybrid allowed us to act only gain the usctul BamH1 sie, bt
also allowed us 10 retain intact the second exon/second introd
boundary of hPL-1. This area includes the donor splice muii
of inerest. previously identified as potentially being the caue
of lack of hPL-1 gene expression. From herg on, this hybrid gew
will be used instead of the hPL-l wild-type gene. Th
recombinant plasmids were characterized by digeston wil

restriction enzymes (figure 1C) and by Scuthem blot analyss
(figure 1D).

Expressiou of transfected hPL gemes at the protein level

The figure 2 awtoradivgraphy reveals that cells transfected witt
the plasnuid carrying the hGH-N structural gene (pNUT). seceerd
characteristic 22 kDa and 20 kDa farms of hGH (lane: hGH:
N). The lune containity media from pNUTHPL- | transfected ol
(lane: hPL-1), does not exhibit bands of at least the same infesky
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Figure 1. Construction of the hPL and hGH expression plasmids. To subclone
WL genes into pNUT(A), we replaced the hGH-N gene sequences in pNUT
It the corresponding ones of hPL genes (B). The drawings at the top illusirate
e maps of the ‘expression plasmids (A and B). Both. restriction enzyme (C)
w8 DNA hybridzation (D) analysis, confirmed the identity of the new expression
psmids. Lanes in C and D show gel and Southern asoradiography of plasmids
ot with £coR1\plus' BumHI and are as follows: 1, pNUT: 2. pNUThGH:V 3,
PNUTHPL-12 4, pNUTRPL-3: and 5, ! <4 M o molecular
seight (in kbp. @ the lefi of €) DNA standards, Ouly the sizes of hybridizing
bends are incicated (inkbp at the sight of Dy The hPL-1 iy really & hybeid of
WPL-3 and WPL-1 (see Materials and Methods section for explanation). The
PSUTHGH-V  construct. presented hero.” was not amalyzed. MTp=motise
metallothionein promoter. SVpe = SVE0 carly promoter. DHFR = structural gene
for dihydrofolate reductase: Ap'=B-lactamase gene: ORI=pBR322 origin of
mplcution; B=BamHl: P=Pwll, §=38acl, E=EcoRl. Boxes represent exons.

ad size of hGH. Media from eells transfected with pNUThPL4
flane: hPL-4) presents a less prominent band. but of slightly
greater size (close to 25 kDa) than that of hGH. Finally, the only
HPL-3 form observed (lane: hPL-3). is of hPL-4 size. However,
its intensity is that of the 22'kDa form' of hGH.

Differences in the expression of hPL proteins

As noticed above (figure 2), while the hGH-N gene gives rise
102 prominent band of approximately 22 kDa, hPL-3 and hPL-4
genes express proteins of slightly greater size (~25 kDa).
Furthermore, and consistently throughout several independent
esperiments, the hPL-4 band always appeared weaker than the
hPL-3 band., We were interested in investigating the cause of
such heterogeneity in the expression levels of these genes.
To approach this problem, we chose to study the cell culture
pricduction of extracellular hPL-hGH chimeric proteins resulting
from the wansient expression of a new hybrid gene pair. These
hybrids possess the first two exons from hPL-3 or hPL-4 genes,
and sequences of hGH-N gene that conform the remaining part
of their structure. We named these hybrnids GH(PL-3:L1I) and
GHIPL-: LI respectively (see map in figure 3A). By comparing
both bivbrid genes, differences were observed in the expression
levels of GH(PL-3:1LI1) versus GH(PL-4:1L11) chimeric proteins
[Rgure 3B: compare lanes labelled GH(PL-3:1.1I and GH(PL4:1,
] Same results, we might add, as with the proteins derived
from normal non-hybnd hPL-3 and hPL-4 genes [see lanes

Nucleic Acids Research. Vol. 18, No. 16 4667

Figure 2. n vitro production of secreted proteins by hGH-N and hPL gencs.
Media from COS-7 cells transfected with each of the plasmids and incubated in
the presence of **S-methionine. was analyzed by discontinuous SDS-
polyacrylamide gel (S% — I3%) electrophoresis and autoradiography. The gene
present in each plasmid used for transfection s indicated at the 1op. The (=)
symbol identifies the media from cells transfected with the vector alone
PNUT(—)]. Sizes of charatteristic hPL and hGH bands are indicated in kDa
(K) at the left. |

labeled hPL-3 and hPL-4 in figure 2 and labeled PL-3 and PL-4
in figure 3B).

Cansistently, we obtained less protein when sequences from
the first two exons of hPL-4 gene were present. On the contrary,
we detected more hGH-like protein when the first twoexons were
from hPL-3. Moreover, when the last three exons were from
hPL-4 gene, and the first two exons were from hGH-N (see map
of this chimeric at bottom of figure 3A), the band intensity
resembled that of hGH-N protein [ figure 3B, lane PL-4(GH:I,IT)}.
Therefore, relative abundance of hPL protein products is a
function of the first two exons:

To further investigate the different levels of in vitro expression
observed for these active hPL genes, we carried out estimations
of the relative abundance of their RNA transcripts. Using slot
blot analysis, we found approximaicly —8-fold more RNA
hybridizable to our probe from the 1otal RNA isolated of cells
transfected with the hPL-3 structural gene sequences, as
compared to hPL-4 (figure 4). This same result was observed
even when only the two first exons of hPL-3 were contributing
1o a hybrid gene (D.R.-P. and H.A.B.-S., submitted. Therefore,
the higher observed hPL-3 protein expression, seems to be a
consequence of having more RNA derived from the hPL-3 gene.

Dissecting the putative hPL-1 psendogene

Next we, decided to test if the donor splice site point mutation
at the second mitron of the hPL-1 gene. was the only cause of
the apparent inactivity of this gene. Comparing nucleotide
sequenices al the second exon/second intron border area, among
the active hPL-3 gene and the putative hPL-1 pseudogene,
revealed that we could easily exchange this region between these
two genes. We found Pwldl and Sacl sites located 30 bp upstream
and 86 bp downstream respectively, from the mutation site (figure
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Figure 3. Diversity in siz¢ gnid sbundance of

protéurexpression products from, hPL and recombined hPL-hGH genes. Maps in A demonstrates the strucare of

the hybrid genes: their are composed of hPL-3 {solid) of hPL-4 (hatched) and hGH (open) gene portions. As in the previous figures, dealing .m‘xh protein analysis,
cach lane in B corresponds to media of cells wansfocted with plasmids carrying the genes indicated at the top. The ncgative control. (- ) symbol, distinguishes the
media froay cells transfecied with pNUT( =) (vector aloac). The new bands are pointed by arrows. Size is also in kDa (k).

1B). In addition to the splice Site point mutation, -this region
flanked by Pwull and Sacl of approximately 120 bp, differs within
these two genes in_only three nucleotide positions. These
differences, are located inside the intron at nucleotide positions
of little importance for the pre-mRNA processing (26), The Pyudl-
Sael region encompassing  the second exon/second  intrcn
boundary, was exchanged between the putative hPL-1 pseudogene
and the active hi"L-3 gene. This manipulation gave rise to two
new hybrid genes. We named these new recombinants as hPL-1r
and hPL-3m, for ‘repaired" hPL-1 and ‘mutated” hPL-3 genes,
respectively.

To determine the effect on the splice mutation expression, we
transferred these hybrid genes, once constructed, into pNUT.
Both the hybrid and non-hybrid genes (controls) were introduced
into COS-7 culred cells. Figure 5B demonstrates the results
obtained from the analysis of in vivo labeled secreted proteins.
In lane labeled PL-3 which corresponds to media of cells
transfected with pNUThPL-3, we easily detected an hPL band.
On the other hand, cells transfected with either pNUThPL-1 (lane:
PL-1) or pNUThPL-3m (lane: PL-3m), revealed the absence of
obvious hPL bands. Likewise, we could not observe an hPL band
from the media of cells transfected with the new repaired hPL-1
gene (figure 5B, lane: PL-I7).

A dramatic effect of the splice donor site mugation at the second
intron of hPL-1 was also observed: when, we constructed and
used in comparative studies, a new hybrid gene. It consists of
hPL-3m sequences, joined at the umque Sacl site (within the
second intron) to the remaining portion of hGH-N gene (hottom
of figure 5A). This new hybrid was studied in conjunction (as
positive control) with the previously nientioned hybrid gene
created between hPL-3 and hGH-N.

A prominent hGH-lhke (similar in hGH size) protein was found
in the media of cells transfected with the non-mutant hybrid gene
[see map of GH(PL-3:LID) in figure SA, and expression results
i Tane: GH(PL-3:1,II) of figure 3B|. This positive control gene

i 1‘5 /h /.’ /D‘ ;5 /h
/AR /IRY /GRY /R
® -~ @ ~-® -

Figure 4. Slot Blot analysis of hPL-3 and hPL-4 RNA expressions. Toal cellie
RNAs were obtined from three independent experiments in Which COS-7 el
were (ransfected with either pNUThPL-3, or pNUThPL-4. 3pg of RNAs wee
appliad 1o)the slots and hybridized with 2 DHFR ¢<DNA probe. To deenmse
efficiencies of transfection, the slots were cot and its r.d-muvuy cumtenss

by liqud scintillation cosntmg. RNAs in amounts com

efficiencies. were then hybridized separately with the DHFR and m&

¢DNA probe (arrows). Exieat of hybridization was alto assessed by come
radioactivity in each slot

also carries the alternative splice acceptor site present inside ex i
3 of the hGH-N gene (4). Splicing exons 1 and 2 1o this ]
acceptor site, results in the 1S amino acid internal deletion
characteristic of the 20 kDa form of hGH. The pmemed
new minor band of 20 kDx together with the 22 kDa
the media of cells transfected with pNUTGH(PL- 3'!.
demonstrates that the aliernative splicing mechanism also o
n this hybnd gene.
No hPL or hGH-like proteins were obsersed (last Lane in
5B) when the second member of this pair carrying the hi
mutation was used in the transfection.

Effect of the splice mutation of hPL-1 gene in M
production

We wanted to know whether the apparent ahsenes of hPL
from cells transfected with the pNUTHPL-1 plasmid. )
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Figure §. Effect of the donor splice site mutation ‘of hPL-1 gene on the production of secreted proteins. Cells transfected with the different plasmid carrying the
Wbrid genes indicdted at the 10p, were analyzed for the presence of secrewed labeled proteins in their media. Hybrid genes were constructed as described in the
Maierial and Methods and Resulis sections, and for purpose of clarification, maps of key hybnid genes are shown in A. Characteristic non-chimeric and chimeric

puseins were visualized #s described in Material and Methods section, gene portions in black, hPL-3 gene; stippled, hPL-1; and open, hGH.

recognition

Only imporant
ses for restniction enzymes are indicated. B=BamH |, P=Pull, S=Sacl @nd E. EcoRL Arrows in B indicate the size in kDil (&) Of the new proteins oniginated

I plasmads transfected. (—)=media from the negative control cells.

wonsequence of having no RNA derived from the PL-1 gene.
We performed a Northern blot analysis (23) of the total RNA

exracted from transfected ‘cells. ' We included as a positive

control, RNA isolated from human placenta and pituitary gland.
I addition. as another positive control, we included RNA from
eells tranfected with the plasmid ‘carrying the hPL-3 structural
gquences. The results of this analysis are presented in figure
6. Cells transfected with the plasmid carrying the hPL-1 gene
lacked hPL specific RNAs (figure 6, lane: PL-1). We observed
adramatic reduction in the hybridizable RNA coatent from cells
tansfected with the plasmid carrying the hPL-3 mutated gene
(figare 6. lane: PL-3m); as compared with, the wild type hPL-3
gne acting as control (lane: PL-3). Finally, when using
PNUThPL-1r. we unexpectantly observed only a faint
rappearance of hPL mRNA (figure 6, lane: PL-1r).

DISCUSSION

DNA cloning and sequence studies have lead to the isolation of
tDNA clones for all hGH and hPL genes except hPL-1.
However, experiments directed to demonstrate that each of the
MRNAs corresponding to the identified cDNAs indeed end up
% proteins. have been few for hGH (7. 27) and none for hPL
genes, The reintroduction of cloned genes into cultured cells,
by DNA transfection (18), is a valuable method to identify and
Uissect sequences required for gene function and their mutations.
We chose this approach to determine the coding potential of all
WPL genes. To achieve our objective, we forced the in virro
expression of all the hPL promoter-less genes, by joining them
D the strong heterologous transeriptional control sequences
present in pNUT (12).

B

w oo

Figure 6. RNA effiect of e donor splice’site mutation of hPL-1 gene
The figure demonstrates the resuits of the Northern blot analysis (23) practiced
to total RNA (10 ag). isolated from cultured cells transfected with the indicated
(at top) plasmids. H and P represent lancs containing total RNA from human
pituitary gland (2 ug) and placenta (3.8 ug), respectively. The (—) symbol
correspond 1o RNA (10 xg) isolated from cells transfected with the pNUT (voctor
alone), Lane labeled C represents total RNA of mock-transfected ceils.

The new results of the present study demonstrate for the first
time that the hPL<4 and hPL-3 genes, but not hPL-1, contribute
to the production of mature hPL. Here we also demonstrate that
in spite of being highly similar, the structural sequences of these
genes respond differently to the same hetervlogous promoter.
Each of these two genes give rise 1o one protein. Although the
secreted proteins expressed by these genes have identical amino
acid sequence, they differ at their expression level. As a
consequence of this finding, we designed exon exchange
experiments to gain new insights in the understanding of this
phenomenon. The same result was seen when only the two first
exons of the genes were contributing o a hybrid gene. The
observed higher hPL-3 protein expression seems in part to be
a consequence of having more RNA expression from the hPL-3
gene sequences. This in vitro findings do npot resemble what
oceurs in vivo, while the hPL-4 mRNA (HCS-A) accounts for
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3% of the placena MRNA, the hPL-3 (HCS-B) mRNA has been
estimated w represent only 0.5% of it (28).

Finally. a third contribution of qur study is the experimental
demonsuaion, also for the first time, of the effeat of the donor
splice mutation at the second intron of hPL-1 on its expression.
In spite of having replaced the donor splice site mutation at the
second inwon of the hPL-1 pseudogene by normal sequences,
we could not observe an hPL-1 protein secreted into the cell
medium. Thus, there must exist additional mutations that
coatribute to this lack of genetic expression. There is oo doubt
of the severity of this splicing mutation. Indced we prove herc
that by introducing the mutated area of hPL-1, into either the
hPL-3 or the hGH-N gene, protein production from these hybrid
genes is severely reduced. Further evidence far the severe effect
of this type of mutation comes from beth, site<tirected
mutagenesis studies (20) and by nawrally occurring mutants of
f-globin genes. In both cases, mutated genes having the same
change of 1 G for an A at the beginning of an exon, give rise
to a messenger RNA precursor unable to splice correctly.

We recently found that we can quantify hPL-hGH chimeric
proieins using an hGH radivimmunuassay. Using this technique,
non-detectable hGH radioimmunoassay values in the media from
<ells ransfected with pNUTGH(PL-3m. I, 0) were observed. The
media of cells correspondiag to the control experiment, where
GH(PL-3:1II) gene was used, gave hGH RIA values of about
half of those of pNUT. Five-fold lower RIA values were found
for the expression of GH(PL-4:1,[1) as compared to GH(PL-3:1,(1)
(D.R-P., and H.A.B-S, submitied).

We have 0o explanation fur the difference in size ubserved
in the electrophoretic analysis of hGH and hPL protzins. The
difference was seen with both purified hormones from the
pituitary gland and placenta, and with the proteins produced ia
thc genc transfection cxperiments. Neither hPL-3 nor hPL-4
proteins have the N-linked glycosylation site at Asn-140,
predicted for the hGH-V protews and which might otherwise
accourt for this size difference. It is possible that the size change
observed, may simply be accounted for by differences in proein-
SDS interactions.

In conclusion, our analysis of the in wWrrg expression products
of hPL genes demonstrates that hPL-3 and hPL4 have the
potentiai for contributing to mature hPL. It also pravides evidence
indicating that the #PL-1 gene has accumulated severe
mutation(s), other than the donor splics site deflect at its second
intron. Furthermore, through qur study, we have identified the
gene region between the capping site and the second intron as
the arigin of ditterences in expression levels seen here tor hPL-3
and hPL4. The results obtained with the hPL-hGH genes hybrids
currvborate and strengthen our findings.
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ABBREVIATIONS

bGH. bovire growth haormone: bp, base pairs; CAT
chloramiphenicol aceiyl transferase; FCS, fetal calf serum; hCS.
human chorionic somatomammatropin: hGH, human growt
hormone: hPL. human placental lactogen: hPrl, human prolzcan.
kbp. 1000 base pairs; kDu. 1000 daltons: Pre-hPL, P
precursor: SY40. simian virus 40; SDS, sodiun dodecy| sulphate
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The placenta is an important source of a diverse group of
hormones, cytokines and growth factors necessary for continuation
of pregnancy. Due to its continued growth and differentiatiocn
during gestation, the placenta represents a unique organ for the
study of hormonal genes during develcopment. The production of one
hoermone in particular, placenta lactogen (FL) also called chorionic
sommatomammotropin (CS), reflects theé development of the placenta
as blood PL levels rise throughout pregnancy peaking at term.

Human placental lactogen (hPL) is a member of a closely
related gene family that includes gro:&th hormone (hGR) and
prolactin (hPRL). Though these genes are highly similar ard have
evolved from a common precursor they have dramatically different
physiological functions and regqulatory Rmechanisms. Recently,
advances have been made in understanding the regulation of hLPL
production and its physiological significance. In this review we
discuss the various physiclogic actions of hPL during pregnancy,
the evolution and structure of hPL genes and, the tiésue specific

requlation of hPL gene expression.

Structure and Production of hPL Protein

Human placental lactogen (hPL), also <called chorionic
somatomammotropin, is a single-~chain polypeptide hormone of 22,000
Da. It is compesed of 191 amine acids with two intramolecular
disulfide bridges (1) but contains- na carbohydrate residues

(Fig. 1}. The mature hormone is derived from a precursor of
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25,000 pa, that has a 26 amino acid signal sequence cleaved from
its amino terminal end (2). Josimovich and MacLaren (3) first
defined human placental lactogen as a polypeptide hormone present
in extracts of human term placentae and retroplacental blcocod, that
exhibited both potent lactogenic activity in rodents and
immunochemical cross-reactivity with human growth hormone.

The mature placenta 1is shaped like an oval disc of about
500-600 g. It develcps from the trophectoderm of the implanting
blastocyst as it invades the endometrium. Differentiation of the
placenta leads to the formation of villi structures compcsed of an
outer layer of multinucleate syncytiotrophoblast cells formed by
the fusion of underlying mononucleax cytotrophcocblasts. These cells
encapsulate a central core of mesenchymal cells, macrophages, and
capillary epithelium.

hPL can be detected by immunoflucrescence in the
syncytiotrophoblast five to tenrn days after implantation of the
fertilized ovum (4,5) or 12-17 days postfertilization. Hceshina e
al. (6) used in suu hybridization to localize hPL mRNA exclusively to
the syncytial layer suggesting synthesis of hPL production does not
begin until formation of fully differentiated syncytioctrophaoblast.
Furthermaore, ir sitw hybridization studies showed that the
concentration of hPL mRNA in individual syncytictrophoblast cells
remains constant throughout pregnancy (6) suggesting the increase
in the total amount of hPL mRNA in the placenta between first and

~

third-trimester results from an increase in the number of
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syncytiotrophoblasts in the placenta. This is in agreement with
data showing the proportion of syncytial cells in the trophoblast
(6-8), and the mass of the trophoblasts increase during pregnancy
(8). Therefore, the increaséd in hPL synthesis by the placenta
during pregnancy is at least partly due to am increase in the
number of hPL-producing syncytiotrophoblasts.

By the third week post-conception, hPFL can ke detected by
radicimmunassay in the maternal circulatiaon. Peripheral serum
leQels of hPL then rise throughout pregnancy {(9). During the third
trimester hPL production can reach 1-3 grams per day (190),
accou;ting for 10% of placental protein pr&duction and 5% of total
RNA in the placenta (11, 12). At these levels hPL is the most
abundant peptide hormoe produced in primates. The concentration
of hPL in the maternal blood at term ranges between 5 and 15 ug/ml
(8, 13, 1.4). hPL is present in the fetal klood but its
concentration at term is 300-1000-fold lower than that of the
maternal blood (13, 15, 16-18). The half-life of hPL in the
rqaﬁé:;r}al serum is 10-30 minutes (10, 13, 15, 19, 20) which accounts

R |
for its rapid disappearance from maternal serum after delivery.

Physiological Signmificance of hPL
Although much is known of the structure of hpL, the levels of

hormone present throughout pregnancy, and the tissues where hPL is
found, the role of placental lactogen in regard to fetal growth and
metabolism was until lately pocrly understood (Fig. 2). Because

hPL is structurally very similar to human growth hormone (hGH]),
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several studies were undertaken to determine if hPL acted as a
growth hormone for the fetus. Earlier biocassays using postnatal
tissues and lower primate species showed hPL to have 1% of the
growth promoting activity of hGH (21). More recent studies
however, demonstrate that hPL has a direct somatotropic and
metabolic effect in isclated human fetal tissues. Although the
release of hPL is heavily biased towards the maternal circulation,
the concentration of hPL in the plasma from human fetuses at 12-20
weeks gestation fanqes fron 4-500 ng/ml (22) and values of 20-200
ng/ml have been found in the cord blcod of the newborn infant (23),'
suggesting a possible anabolic role in.‘the fetus. Hill and
colleagquas in a series of publications were the first to make an
in depth investigation into the actions of hPL upon fetal growth.
They found that hPL, but not hGH, stimulates amino acid transport,
[SH]—tnymidine incorporation, mitegenesis, as well as somatomedin-C
(SM—-C) and insulin like growth factor I (IGF-I) release in cultured
fibroblasts and myoblasts from human fetuses at 13-19 weeks
gestaticon (24, 25). In iaviire studies, hPL was found tc bind to
fetal tissues at hPL concentrations comparable to those found in
fetal plasma, and direct aﬁabolic effects of hPL have been found
at concentrations similar to those reguired for binding to fetal
nembranes (25). Additional evidence suggests distinct hPL
receptors are found in human fetal skeletal muscle, whereas there
was a deficiency of fetal muscle hGH receptors (22). Evidence was

also obtained suggesting unique hPL and hGH receptors are present
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in fetal liver. hPL and hGH boath stimulated growth of fetal
hepatocytes and SM~-C/IGF-I release from fetal liver. It is thought
that hPL stimulates DNA synthesis in fetal connective tissue and
liver indirectly through the paracrine release of the growth
potentiatofs SM-C/IGF-I (22, 24, 25). The relationship, if any,
among the hPL concentration in the fetus, the number cof fetal hPL
receptors and the rate of fetal growth has not been establishég.'
However, there is evidence to suggest that the weight of the féius
" in early and middle gestation correlates positively with the hPL-
binding capacity Of the fetal liver and to a lesser extent with the
fetal plasma hPL concentraticn (22) .

Aside from its possible functicn as a direct acting, growth
promoting hormone, substantial evidence suggests hPL influences
fetal growth in an indirect manner by altering matermal metabolism.
The majorxy role of hPL in human pregnancy is believed to be mediated
by its action as an insulin antagonist (4, 2Z6). Carbohydrate
tolerance was reduced in diabetics by hPL treatment (27, 28) It is
believed that this ,'qctxj.on of hPL may be responsible for the
development of diabetic ketoacidosis in pregnant women, hPL has
also been shown to incrgase the insulin response to a glucose lo;d,
(19, 20, 27), periraps as a result of an increase in dinpsulin
resistance (29).

The effect of hPL which has been most studied is its role in
regulating 1lipolysis. Some evidence suggests that hPL is
indirectly lipolytic (20, 30). Adipose tissue explants and

adipocytes, stimulated by hPL, release glycerol and/ar
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nonesterified fatty acids (31). hPL also stimulates glucose
uptake, glucose oxidation to <0, and glucose incorporaticon intc
glycogen, glycerol, and fatty acids in adipocytes (32, 33). This
suggests a model for hPL action on adipose tissue that includes
hPL-mediated increases in the basal rate of lipolysis as well as
increases in glucose uptake and utilization. These actions could
be physiologically significant since in the fasted state the
increase in the rate of lipolysis provides free fatty acids that
can be utilized as a -sc.aurc'e of energy by the mother. This spares
the required glucose for use by the fetus. In the fed state, when
maternal blcod giucuse concentration is high, the increase in
glucose uptake and utilization by adipose tissue ensures that
energy stores, in the form of triglyceride, will be available
during subhsequent periods of fasting (34). There is support for
this theory as a study of women fasting for 84-90 hours during the
second trimester of pregnancy reported a 30-40% increase in hPL
production (35). In a similar study, fasting ' in pregnant women
caused a much greater mobilization of free fatty acids, in the form
of ketoacids, than in non-pregnant cantrols (3§). The ability to
produce PL may, therefore, be a selective advantage to foraging
animals where there is the possibility of starvation, because PL
causes more efficient use of energy stores and higher probability
of offspring survival.

Flacental lactogen received its name due to its lactogenic

activity invive when administered to rabbits and pigeons (3). There
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is, however, no evicence for lactogenic activity of hPL in humans
in vivo, although there is evidence of the presence of mammotropic
activity during pregnancy. nPL has been reported to stimulate DNA
synthesis in epithelial cells of benign human breast tumors in vitro
(37) and in human breast tumors maintained in athymic mice (38).
It has also been reported to stimulate growth of ductal epithelium
in human mammary explants obtairfed during lactation (39). Thus, the
role of hPL in human wammary dJland may be to stimulate cell

preoliferation, rather than milk secretion.

Evolution of The hPL /hGH Gene Cluster

On the basis of amino acid sequence homology among hGH, hPL,
and human prolactin (hPRL), it was proposed that the hormones
evolved from a common precursor (40). Whereas hGH and hPL share
identical amino acids at 167 of 191 . pasitions for an 87% aminc acid
homology, hGH and hPL are only about 35% homologous to hPRL at the
anino acid leve_'l (41, 42). At the nuclectide level hGH and hPL are
agau'{. very cimilar as mRNAs from these genes are 93.5% hémologous.
Thé htPRL mRNA has 42 and 41% identity with those of hGH and hPL,
respectivaly (43). It' is thought that GH/PL and PRL diverged
approximately 350 million years ago (44, 45) when a primordial gene
wvas duplicated giving rise to two separate precursors, one for the
hGH and hPL genes and the other for the hPRL gene. The hGH/hPL and

hPRL precursor genes then segregated onto two different chromo-

somes, since the hPRL gene is located on chromosome 6 (45} and the
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hPL and hGH genes are found on chromoscme 17 (47). Further
evidence for the evolutionary relatedness of the hPL and hGH 1is
that all the hPL and hGH genes are structually similar having S
exons and 4 introns (12, 48, 49) and comparison of nucleotide
sequences between any of the genes shows they share 91-99% sequence
identity throughout, including 500 bp upstream of the genes (43,
44, 49, 50}, It is believed that PL arose after the divergence of
rodents and primates 80 million years ago (51). Evidence for this
theory comes from DNA sequence. data suggesting that rat PL (xPL)
is derived from rPRL, as rPL is more homologous with rPRL and hPRL.
(52% and 51%) than »GH, hGH, or hPL (34§ for all genes) (52).
Therefore, duplication of the hGH/hPL gene to give rise to the hPL
gene must have cccurred after the separation af the main orders aof
mammals, during the evolution of primates (53). It is thought that
the genes of the hPL/hGH gene cluster arose from their common
precursor within the last 10-15 millicn years due to recowbination
events involving moderately repeated sequences (44, 54). Of the
66 ki in the hPL/hGH gene cluster, 21% of the sequence consists of
48 Alu répeat sequences (54). The abundance of highly homologous
ﬁNA seqﬁences may predispose this locus to chromosomal misalign~
ment, generating unequal recombination events (54). It was
proposed that the hPL/hGH locus evolved in three steps (Fig. 3)
invelving large sequence duplications which preferentially begin
and end with Afu elements (43, S4). The first event is thought to

have been a duplicaticon of a single GH/PL gene to a two-gene locus



1Q
composed oI ancestral GH and PL genes. An additional duplication
of thi= two-gene locus generated a four—-gene arrangement of the
ancestral hGH-N, hPL,/hPL,, hGH-V and hPL; genes. 1In the final
step, the ancestral hPL,/hPL, gene duplicated about $ million years
ago to genétate the modern hPL, and hPL, genes.

Because the hPL, -and hPL; genes were the last to be generated
they should be the most homologous genes of the cluster. This is
‘ﬁot the case as hPL, and hPL, are more closely related in terms of
- seguence homology (2.7% divergence) than the hPL, and hPL, genes
(6.7% divergence) (43). However, downstream from the fourth intron
the hPL, gene becomes more sdimilar to the h'PL,_ gene. This supports
the hypothesis that hPL, arose from duplication of the hPL, gene but
that a recent gene conversion event with a breakpoint in the fourth
intron caused the hPL, gene to be more similar to the hPL; gene.

hPL; (also referred to as hCS-B or hCS-2) and hPL, (als§!
refered to as hCS-A or h{S-1} share 98% sequence identity and
encode identical mature proteins, but have one amine acid
differance in the signal peptide. hPL, contains ;ﬁ alanine at the
t‘;hird position from the aminc terminus of the precursor peptide,
vhereas hPL, has a proline at this position (2). The otﬁer hPL
gena, hPL, (alsc referred to as hCS-L or hCS-5), was found to be a
pseudogene, as no mature mRNA is produced from this gene due to a
G to A transversion in the §' splice site ©f the second intron (43,
54) . In contrast, both hGH genes produce viable proteins.
Alternative splicing of the primary hGH-N (also denoted hGH,) gene

transcript (48) generates two mRNA species that encode the major
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active 22 kDa hGH protein as well as a 20 kDa variant which has 15
amino acids deleted from hGH (55, S$6). The hGH-V (also called
hGH,) gene encodes a processed polypeptide differing at 13 amino
acids from hGH-N. As the amino acid differences are mostly non-
conservative they are thought to result in changes in the

properties of the protein (11).

Gene Deleiigny in the Locus

The hGH/hPL gena cluster was examined in two cases in which
hPL was reduced or absent in maternal serum during pregnancy. 1In
the case of a partial deficiency of placental lactagen (57), hPL,
was deleted in the maternal allele while the paternal allele lacked
the hPL,, hGH,, and hPL, genes. The level aof hPL in the maternal
serum was one-fourth of the normal value, suggesting a direct
relationship between gene dosage and hPL concentration in the
materral seruw. Expression from the residual hPL; gene did not
appear to compensate for lass of the cother hPL genes. A direct
relationship between lower hPL protein levels and decreased hPL
mRNA levels was demonstrated in another case of partial hPL
deficiency (58). Complete deficiency of hPL 1s a rare condition,
Only three cases have been reported where using radioim-ruunoassay,
no hPL could be detected during pregnancy (59-61). In the case
that has been investigated in detail, a homozygous deletien of the
h¥PL,, hGH,, and hFL, genes was found in the affected child while
other family members were heterozygous for the deletion [82Z). The

hPL, gene was present in the affected child but its expression was



12
not assayed. A novel RGH~hPL hybrid protein was detected that
night have been able to compensate- for the absence of hPL (63).
It is not known whether this peptide i=s biologically activa or if
it is present in other cases where there is no deletion of hPL
genes. However, it 1is conceivable that the chimeric HhPL/hGH
peptide could assume hPL-like' roles in the wmother and fetus,
sustainiyq normal growth_lgpd development during pregnancies
complicated by a deficienc{rf""q'f hPL production (25) Therefore at
this time, the absolute necessity of a piotein having hPL activity

during pregnancy is still unknown.

Tissue Specific Expression of hPL and AGH Genes

Though the two genes evolved frem a common ancestor and are
closely linked, the hGH and hPL genes are expressed predominantly
in two separate tissues. Grewth hormone is secreted by
somatotrophs of the anterior pitu.i.tary, whereas placental lactogen
i?"'pzj?duced by syncytictrophoblasts in the placenta (2,6,64). In
an 'efi'ort to determine the 1eve;s of WRNA production of tha
individual genes in the cluster, -Chém ew. (S4) estimated the
extent to which each gene 1is transcribed by the percentag;a of
recombinant bacteriophage found in pituitary and placental cDNA
libraries that hybridize to probes corresponding to each gene. 1In
this study it was found that hGH-N accounts for 3% of the mRNA
produced in the pituitary, whereas hGH-V is not expressed in the

P
pituitary, but comprises <0.001% of mRNA in the placenta. This
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hGH-V placental expression may be explained by novel recombination
events during eveolution of the gene cluster that placed putative
hPL transcriptional controcl regions 5' to the hGH-V gene (54).
hPL, was found to be the most abundantly expressed hPL gene by a
6:1 ratio accounting for 3% of placental mRNA with hPI, comprising
an additiocnal 0.5% of the mRNA. Studies by Barrera-Saldafia el al.
(2) determined placental levels of hPL; and hPL, more directyy.
Though highiy homologous, hPL, and hPL, could be differentiated bf
an additional PwiII restriction site present in hPL, and a 4 bp
insertion within the hPL, gene. These differences were exploited'
in restriction enzyme digests of plaCentai cDNA clones as well as
primer extension and S1 nuclease digestion of hPL cDNA-placentél
paly(A+} RNA hybrids. All three methods showed the ratioc of hPL,
to hPL; mRNA was 3:2. As these experiments reflected RNA levels
from a single term placenta, hPL RNA from a further ten placentae
were subjected to S1 nuclease analysis with the determination that
there was wide variability in the ratio of hPL,:hPL, mRNA (S.L.F.
and G.F.S., unpublished data).

Regulation of hPL, and hPL, expression could be explained by
sequences in the promoter that regulate transcriptional initiation
or differences in the transcribed sequence that could contribute
to mRNA stability. The latter theory was tested by placing each
structural gene under the control of the SV40 enhancer and
metallothionein promoter and transfecting CCS-7 cells. Slightly

more protein was produced from the hPL, gene construct than the
(t4
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hPL, constuct (65). To determine the cause of such heterogeneity,
the first two exons of the hPL and hGH genes were exchanged. Five=
fold chimeric protein and eight-fold less mRNA was present when the
first two exons of the hPL, were present than when the first two
exons were derived from hPL; (Fig. 4). Protein levels resulting
from the first two exons of hGH and the last three exons of hPIL,
were comparable to intact hGH, suggesting that oniy the first twa
exons ;:ontribut.e to differential expression. The greétér stabilty
of hPL, versus hPL, mRNA counters the greater expression ‘hPL,, mRNA
invive and therefore may contribute to the variable levels of foL,
and hPL, mRNA in placentde. -

The hPL, transcript was not detected in the original cpwNa
cloning (2) and lack of expression was attributed to a mutant RNA
splicing site (43). Surprisingly, the hPL, transcript was detected
by Chen eral. (54) in a placental cDNA library at an abundance of
0.01% using cligonucleotides specific for hPL,, however, nine of
ten cDNA clones analyzed were derived from incompletely processed
hnRNAs and the other clone was found to have used an alternative
splice site to cvercome the mutation in the second intron splice
donor site. Therefore, it is still uncertain whether hPL, can
produce a viable proteln in vive. In order to determine if the
aberrant splice site was wholely responsible for the lack of hPL,
expression, a region of the hPL, cDNA encoding the second
exon/intren boundary was exchanged with the functional equivalent

region aof BPL5 (65} . No protein or mRNA was produced from the
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mutated hPI, gene or the "repaired* hPL, gene. The lack of
function of the "repaired" hPL, gene is not yet understood but
suggests other nuclectide differences must contribute to the lack

of hPL, expression,

Regulation of hPL and RGH Gene Expression

?he similarity of the hPL and hGH genes at the nucleotide
level 1is striking as the hGH-N, hPL;, and hPL, genes’ have 92.5%
sequence identity through their exons, with the 464 bp S' to the
initiation site having 93.8% homology (50). The highly homologous
natore of the hPL and hGH genes and 5°' flanking regions suggest
that very precise mechanisms regulate their tissue specific
expression.

Understanding the regulation of hPL gene transcription has
been facilitated by studies of hGH-N gene regulation. The hGH=N
gene has been well characterized in terms of DNA sequences and
transcription factors that regulate expression. It is known that
5"flankiné sequences within 289 bp of the cap site mediate hGH
tissue speéific expreséion and that binding of the pituitary
sﬁecific factor éHF-l iﬂ this region permits transcription of hGH
in the pituitary (66-68). GHF-1 is a 33 kD polypeptide (69) known
to ke closely related or identical to the Pit-1 protein that binds.
and regulates the rat growth hormone and prolactin gene promcters
(70} . Analysis of cONA clones encoding GHF-1 indicates that it is
a homeobox containing protein. GHF-1 binds the hGH promoter at two

o
sites: -55 bp to -90 bp and -106 bp to -131 bp (68-71). In
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addition to GHF~1, other general transcription factors bind to the
hGH promoter (71). The Spl transcription factor binds nucleotides
-131 to =140 adjacent to the distal GHF-1 binding site. Further
upstream the USF/MLIF protein binds the region -237 bp to =267 bp,
adjacent to the binding site of an unknown protein at -267 bp to
=290 bp. Comparison of DNase I footprints showed the pattern of
protein binding for hGH-N and hPL; promoters is nearly identical
(72).‘ Furthér studieé?sbow the pituitary specific factor GHF-1 is
able to bind to the‘héﬁféromoter (71); however, this may nct be
significant as na "GHF-1 is believed to be present in the placenta
¢67) . . ’

Thyroid hormone can also bind to a region of the hPL promoter
in a DNA~binding assay (73). When introduced into a rat pituitary
cell 1line, thyroid hormone and dexamethasone could increase
expression of a transient reporter gene containing S00 bp of the
hPL promoter (74). Therefore the hPL promoter may be regulated by
dexamethasone and thyreid hormone. The physiological significance
gf-‘...thzese‘ studies is unclear since pituitary and not placental

extracts or cell lines were used.

-

ONA Sequences in the hPL j gene promoater necessary for transcriptingl actavity.

The initiation sites of hPL; and hPL, gene transcription have
been studied by two groups (50, 75). Both studies found 82-95% of
transcripts initiate 30 nucleotides (nt) downstream from a TATA
sequence (and 63 nt upstream from the AUG and start of

& .. el - .
translation). An additional initiaticn regiom 23 nt upstream cf
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the TATA sequence and 30 nt downstream from a CATAAA sequence was
found to be responsible for S5-8% of hPL transcripts.
Interestingly, the hPL, gene promoter was shown to be functional
and acted similarity to hPL, and hPL, promoters in a cell-free
transcription system (75).

More recent work has concentrated on the promoter and an
enhancer of the hPL; gene (Fig. S5). Deletion mutants cf the hPL,
promoter were analyzed for transorﬁiptional activity following
tragsient transfection of a pdacental cell line (76). Varfcus
regions of the hPIL, promoter extending from -1200 te -77 bp vere
inserted in a plasmid vector adjacent to the bacterial gene for
chloramphenicol acetyl transferase (CAT). The vector alsa
contained the hPL; enhancer (discussed below) to increase the level
of transcription. The plasmids were transfected into JEG-1 cells,
a hPL-preducing placental choriocarcinoma cell line (77), with the
resulting CAT activity reflecting the transcriptional activity of
the hPI, promoter. These studies (Fig. 6) indic;ted sequences
between -142 bp and -129 bp were important for hlﬂ.L3 promoter
activity since remcval of this region reduced CAT activity 8-fold.
—Internal devlet.ions of this- region (AR, SA, Fig. 6) confirm those
seen using 5' deletions. Similar results (S.L.F. and G.F.S.,
unpublished data) were seen using JAR cells, another human
placental trophablast cell line (78). No other region in the
promcter (within 1 kb S' of the hPL; gene) was found to be
impertant for induction of transcripticnal activity in placentally

>
derived cells.
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The hPL,; promcter regulatory sequence (-142 bp to =129 bp)
does not appear to regulate tissue-specific expression based on
functional and binding studies. In the presence of the hPL;
enhancer, the hPL, promoter (-500/+2 bp) was able to activate CAT
transcription in JEG-3 cells but not in HepG2 cellé, 2 human liver
cell 1line. However, paired with the SV40 enhancer, the hPL,
promoter directed gene expression in a non-tissue specific manner
as transfected JEG-3 and HepG2 cells produced similar levels of CAT
activi_ty.‘ In these studies transcription in JEG-3 and HepGZ cells
not onl'y required the appropriate enhancer but alsc the hPL, '
promoter reqgulatory region (~142 bp to ~-129 bp). Without this
sequence, only background levels of CAT activity wvere ohserved.
This suggested that the hPL; enhancer was responsible for tissue-
specific gene expressiaon whereas the hPL, promoter regulatory
sequence (-142 bp to -129 bp) was regquired for basal expression.
While upstream sequences within 1200 bp of the hPL; gene did not
direct transcription in a tissue-specific manner, there may be
additional tissue-specific - sequences further upstyean. All
plaééhégliy expressed membhers of the h?L/hGH gene family conéa}n
al kb.region of'high homology iocatedAZ-J kb 5°* to.the‘%&a%ﬁ%@t
transcripticon (54) but the functional significance of this.region
remains te be determined.
The hPIy promoter regulatory sequence (-142 bp to =129 bp)
binds specifically nuclear proteins from JEG-3, HepG2, and Kela
cells as shown by gel shift assay (76), again suggesting that this

[
sequence is lmportant for basal gene activity but does not play a
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rele in tissue-specific gene expression. This region of the
promcter contains the sequence GGGAGG, which is a variant of the
binding site GGGCGG for the ubiguitous transcription factor Spl
{79). This variant Spl binding sequence, which binds Sgl, is also
present in promoters of other genes including HIV LTR (80-82) rat
insulin-like growth factor II (83), and human hsp 70 (84). Gel
shift assays demonstrated that the addition of DNA containing the
Spl binding site specifically competes for proteins binding the
thie hPLy promoter regﬁ}atory sequence. Further competition studies
employing a variant Spl site GGGSG, which is not recognized by spl
(85), showed that this oligomer did not compete for JEG-3 proteins
binding to the hPL, promoter regulatory region. The bkinding
specificity of the proteins interacting with the hPL, promoter
regulatory region was further characterized by determining
nucleotides of the hPL promoter regulatory segquence interacting
with DNA-binding proteins using a methylaticn interference assay.
The methylation interference pattern of placental nuclear proteins
binding to the hPLy; regulatory sequence was identical to that shown
previously for Spl bkinding to its binding éites. These results
suggest that the~hPL3'requlétory reqion bin&s Spl or an Spl-like
protein which is necessary faor basal transcriptional activity.

Spl regulates transcriptian of many different kinds of genes
(79). However it does not directly interact with RNA polymerase
(86" or the transcription factor TFIID, which binds the TATA
sequence (87, 88), suggesting that Spl requires accessory factor(s)

o>
or coactivators to activate transcription (88). One such factor
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could include the protein(s) binding the tissue specific hPL,

enhancer.

An Enhancer 3’ of the hPL 3 Gene Stimulates Tissue-Specific Transcription.

In order to explain the tissue specific expression of the hPLy
genes Rogers eral. (89, 90) conducted a search of the entire hPL/hGH
gene cluster for the presence of transcriptional enhancers. A
series of EcoR1 fragments covering nearly the entire 66 Xb gene
cluster including the five genes and their flanking regions were
tested for enhancer activity. Only one £coR1 fragment, was found
to have enhancer activity in JEG-3 cells. This 3.9 kb fragment was
located 3' to the hPL, gene at the distal end of the hPL/hGH gene
cluster (Fig. 7). This fragment fulfilled all the required
definitions of an enhancer as it was active either 5' or 3' of a
gene and In either orientation and was able to activate a
heterologous promoter.

Further analysis of the hPL enhancer localized enhancer
éétjyity to a 1 kb Acel - SacIl restriction fragment located 2 kb 3!
of thé hPL; gene. The 1 kb enhancer was shown to have great tissue
preference in its action as the enhancer was 20-fold more active
in human trophoblast JEG-3 cells than the rat pituitary cell line
18~54-SF (89). Therefore, the hPL enhancer is likely to be the
element responsible for the tissue specific-expression of the hPL,

gene.
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Further transient transfection experiments employing JEG-3 and

JAR cell lines allowed lacalization of the hPL enhancer to a 138 bp
region located between nucleotides 103-241 of the 1 kb Aeccl - Sacl
restriction fragment (Fig 8) (91). The 138 bp hPL enhancer when
linked 3' to the CAT dene increased CAT expression 25 to 30-fold
over that due to the SV40 promoter alone. The 138 bp region also
cantained all infermation necessary to impart tissue-specific gene
expression as plasmid constructs containing this region are 20 to
40-feld more active in JEG-3 cells than non-hPL producing human
HepG2 liver, U-373 MG glicblastoma and, Hela epithelial cell lines.
Additiconal studies support the idea that the hPL enhancer may be
the major determinant of tissue-specific expression of the hPL,
gene. As stated previously, Fitzpatrick etal. (76) have shown that
hFL; promoter fragments extending to -496 bp upstream of the gene
had similar activities in JEG-3 and HepG2 cells. Therefore, the
hPL enhancer is the major peositive tissue specific regulator of

hPL; gene transcription.

Enhancer-Nuclear Protein {nteractions

A 210 bp fragment (1-210) containing all the information
necessary for tissue-specific enhancer function was found to
specfically interact with nuclear proteins from placenta tissue,
JEG-3 and JAR cells. Band retardation assays showed that up to
three specific protein-enhancer complexes are formed with proteig

-

extracts from placental lactogen—-producing cells. These complexes
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are identical for all the extracts from hPL-producing cells,
However, protein-DNA complexes of different electrophoretic
mobilities and affinities were formed following the incubation of
HeLa and HepG2 nuclear proteins with the 1 - 210 bp enhancer
fragment.

DNase I protection experiments showed that proteins from both
placental and Hela cell nuclear extracts protect a 22- bp region
(115 - 137) of the hPL enhancer encompassing a TEF-1 motif
(TGGAATGTG) 1located at positions 126 -~ 133 (Fig. 9). The TEF-1
motif was first identified by Xiao eral. (922) in studies of the SV40
enhancer and has been shown to bind a 53 kDa protein called TEF-1
(923). Binding of this protein to the TEF-1 motif correlates with
in vivo SV40 enhancer activity (92). TEF-1 protein is found in cell
types (Hela and undifferentiated and differentiated F9 embryonal
carcinoma) other than those that produce hPL, However, TEF-1 shows
some tissue specificity, as no TEF-1 activity is found in lymphoid
cell lines (92, 93). The TEF-1 protein Pbinds cooperatively to
tandem repeats of the TEF-1 motif or to clcsely linked Sphl
(AAGCATGCA) or SphlII (AAGTATGCA) motifs. When present in tandem
repeats or when associated with Sph motifs, TEF-1 is a strong
transcriptional activator.

The region of DNase I protection (115-137) seen over the TEF-1
motif using the hPL enhancer is similar to that reported in studies
of the TEF-1 motif in the SV40 enhancer (93). Though these twq

enhancers have no .sequence similarity except for the nine
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nucleotide TEF-1 site, a 2Z-nucleotide region of the hPL enhancer
enconpassing the TEF-1 motif is protected by placental and Hela
extracts, whereas a 2l-nuclecotide regicn of the SV40 enhancer is
protected by HeLa nuclear extracts. This suggests a protein
similar to TEF-1 binds the hPL enhancer. However, band retardation
experiments using the hPL enhancer showed that proteins from Hela
and placental extracts have different affinities for the 1-210 bp
enhancer fragment and the protein-DNA complexes formed due to these
proteins have dissimilar mobilities in polyacrylamide gels (91).
Also, placental and HelLa nuclear proteins cause different patterxns
of DNase I hypersensitivity, suggesting their binding alters DNA
conformation in different ways. This difference in binding
characteristics of placental and Hela enhancer binding proteins may
reflect different protein modifications, a family of TEF-1 like
proteins with individual members expressed in specific tissues, or
different regqulatory proteins that bind to similar DNA recognitian

sites.

Regions 3' of the hPL 7 and hPL 4 Genes are Homologous (o the hPL j) Gene Enhancer
Inspecticn of the hPL/hGH gene cluster DNA sequence revealed
the presence of two other putative enhancers located 3' to the hPL,
and hPL, genes (91). The enhancers are located in the same
relative location as the hPLy; enhancer, approximately 2.2 kb 3' to
their respective genes. These regions are 95% homologous with the

1022 bp hPLy; enhancer and the region shown to interact with

placental nuclear gprotein(s} by DNase I footprinting is exactly
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duplicated in both the hPL, and hPL, flanking regions (Fig. 10).
No homology to the hPL; enhancer was detected anywhere else in the
66 kb hPL/hGH gene cluster including hGH-N or hGH-V flanking
regions.

An explanation for the limitation of enhancers to the 3'
flanking regions of the hPL genes has been proposed (42). It is
postulated that the 3' breakpoint of the original duplication event
leading to the precursor hPL and hGH Qenés gccurred within an Afu
repeat about 100 bp downstream from the hPL-hGH ancestral gene.
It is thought that the duplication event most likely involved a
homologous, unequal crossover between this ./ repeat and another
found 8 kb upstream of the hGH, gene (see Figure 3). The major
significance of the initial duplication event 1is that it would
cause the 3' regions close to the hPL and hGH genes to be
unrelated. This would account for the presence of a placenta-
specific regulatory element 3' of hPL but not hGH genes. Also the
presence of an enhancer 3' of the hPL, gene would explain why hPL,
ﬁRﬁﬁigas found to be at least as abundant or .more abundant than
hPL, ARNA (2, 54) while lack of enhancer homology near hGH genes

correlates with low placental hGH expression.
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FIGURE LEGENDS

Fig. 1. The primary amino acid structure of human placental
lactogen. The two disulfide bridges are marked by heavy shading.

Reproduced with permission from Li, 1972 (1).

Fig. 2. Physioleogical role of human placental lactogen during
pregnancy. The current mocdel of the functional role of hPL in
maternal metabolism is, by its lipolytic and insulin antagonist
activity, to increase preferentially glucose availability for the
fetus. (=) = inhibitory effect. Reproduced with permission from

Yen, 1989 (94).

Fig. 3. Schematic diagram of the evolution of the hGH/hPL gene
family redrawn with permission from Hirt eral., 1987 (43). Gene
sequences are indicated by stippled boxes, A/u Sequences noted by
solid boxes and partial flu sequences noted by open boxes. The
latter indicate differences between the 3' ends of f:h’e hPL and hGH
genes, The present day gene .family is believed to have originated
from a single anc;astral gene by three duplication and nonreciprocal

crossover events { (X) ).

Fig. 4. Diversity in size and abundance of protein expression
products from hPL and recombined hPL/hGH genes. Reprocduced with

permission from Reséndez-Perez, 1990 (€5). A. Map of the hybrid
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genes which are composed of hPL-3 (solid) or hPL-4 (hatched) and
hGH (open} gene portions. B. Proteins produced from COS-7 cells
transfected with hPL/hGH hybrid genes. As a negative control lane
(=), COS-7 cells were transfected with a vector lacking hPL and hGH
gene sequences. Intact hGH genes produce 20 kD and 22 kD proteins
while the hPL protein is 25 kD. €. Slot Blot analysis of hPL-3
and hPL-4 RNA expression. Total cellular RNA was obtained from
COS-7 tells éransfected with a vector containing either the hPL-3

or ﬁﬁL—4‘genes. RNA was applied to each slot of a slot blot

apparatus and the filter hybridized to an hPL cDNA probe and a DHFR

¢DNA probe.

Fig: 5. Restriction map of the hPL, gene and flanking region.
Promoter deletion mutants were constructed from the 500~bp EcoR1l
(-497 bp)/BamHI (+2 bp) seqguence. An enhancer is located 2.2 kb
3' to the gene within the 4eccI-Sacl restriction fragment. Open
boxes, Human PL; exons. Restriction enzyme cleavage site
abbreviations are as follows: AI, Aval; AII, AvaIl; Ac, Accl: Au,
Alul; B, BamHI; D,-"_DdeI: E, EcoRI; H, HinfI; P, Pwil; Ps, PstI; S,
SacX; Sa, Sau3A; St, SwmI; X, XkaI. Reproduced with permission from

Fitzpatrick, 1990 (76).

Fig. 6. Transient expression of hPL; CAT deletion mutants in JEG-
3 cells. (A) Deletion mutants of the hPl; promoter with varying

amounts of 5' sequence (relative to the shart of transcription)
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were ligated 5' to a promoteriess bacterial gene CAT. Three
internal deletion mutants, =232 AR EA-J.ZQ/-??), -232 MR (A-142/-
77), =390 SA (4-152/-129), were also constructed. Horizontal bars
indicate DNA sequences included in each construct. The hPL,~CAT
DNA was cotransfected with a reporter plasmid containing the g-gal
gene into JEG-3 ceils, a human placental choriocarcinoma cell line.
CAT activity was expressed relative to g-gal activity as the
nean *+ SD. {B) JEG-2 .ecells were transfected with plasmids
containing the hPI; pfomoter mutants described in A, and the CAT
ac’civitg is shown by the autoradiograph. AR, MR, and SA refer to
internal deletion mﬁtanta (A).  Pesitive (pSV2CAT} and negative
(PCAT3M; mock) controls were included. Reproduced with permission

from Fitzpatrick, 1590 (76).

Fig. 7. Restriction map of the human placental lactogen and growth
hormone multigene cluster. The map and gene nomenclature is a
compositg:-. from maps previously published. The structural gene
regions are indicated by the open blocks and the direction of
transcription is from left to right. Each of the vertical bars
represent an £coRI restriction site. Reproduced with permission

from Rogers and Saunders, 1986 (S0).

Pig. 8. Activity of NPL; enhancer deletion mutants in JEG-3 cells.
JEG-3 cells were transfected with an SV40-enhancer containing

vector (pSV2CAT), enhancerless vector (pSV1GAT), or pSVLICAT
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constructs containing various deletion mutants of the 1022 bp AccI-
SacI hPL; enhancer. Activity of each construct is normalized to
activity of pSV2CAT = 100%. Horizontal bars refer to the region
of AccI=Sacl fragment remaining in constructs. Reproduced with

permission from walker etal. 1990, (91).

Fig. 9. Interaction between placental nuclear proteins and DNA
sequences in the hPL, enhancer. A DNA fragment containing the hPL;
enhancer was incubated with a placental nuclear extract and
digested with DNAse I. The region protected from enzyme digestiaon

is shown by the brackets.

Fig. 10. <Comparison of hPL, and hPL, 3' flanking regions with the
hPL, enhancer. Slasties represent gaps in nuclectide homelogy.

Underlined nucleotides signify the TEF=-1 motif.

sate
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xpression Studies of
ransfected Multigene
amilies by Homologous
'NA Mutagenesis

BSTRACT

A valuahle approach for muitigene
maily studies where the expression
aduce of @t least one gene member of
e jamily is measurable is described. In
wh cases, the effect or gene expressior
* nucleotde sequence differences ar
utarions occurring n other members of
€ family or at alleles can easily be deter-
fned. This i3 achieved by a strategy
ilied homologous DNA mutagenesis. It
wnsists  of ihe insertion af wmutated
rgions from homologows genes into ke
antext of the gene coding for the assay-
ble product. Here we demunstrate the
rasibility of this approach using geme
temirers of the human growth hocmone
rnd human placemal lactogen (AGH-hPL)
welligene faruly.

NTRODUCTIUN

Advances in recombinant DNA
echnology have made the task of
solatiag genes from higher eukaryotes
rasier, However, many of the protein-
:ncoding-type gences exist in the mam-
nalian genome as families with multi-
sie non-allelic copies with very similar
isquences. An approach © studying
nultigene families has been to exten-
sively examine one member and then
predict the nature of its expressed
protein and those expressed by its re-
lated members, Nevertheless, proving
that all members of the multigene fami-
Iy are expressed can be a formidable
task.

Several strategies have been ewm-
ployed to achieve this goal. For ex-
ample, it the presence of specific
wRNAs on 4 pulysome fraction can be
demonstrated, then it may be suggested
hat wanslativn occurs and that the
geues are being expressed (7). [n other
ases, the use af MRNA complemen-
tary DNA {(cDDNA) cloning in conjunc-
fion with prokaryolic expression
vecfurs peratits the generation of anti-
bodies. These ure ruised against fusion
groteins gxpresyed by the vectar alyng
with the CDNA coding protein (3). The
atitunlies then can be uyed W inves-

N0 N T orinom

tigate the in viva temporal and cellular
parameters for the expression of these
genes.

In studies of gene expression, it is
ideal to be able to directly characterize
the expressed protein. However,
yuantitatively discriminat: from  at
least 50000 other proteins of the
eukaryatic cell, the vegtor's expression
control signals must be strong and, pre-
ferably, should be of wide tssue spec-
ificity. There are several vectors that
fulfill these criteria and ke advamage
of the use of transcriptional control sig-
nals from mammalian viruses (3).

Mutations can affect expression
levels in cukaryotic cells due to an
abercation in any one of the many sieps
of the gene expression pathway: {ran-
scription, RNA processing, mRNA
stability or trans{ation (15). The effects
of single base mutations in the expres-
sion of structural sequences are fre-
quently studied but require a more
selective, analydcal method of assess-
ing such changes.

Heee we describe a strategy. cailed
homologous DNA mutagenesis, to ac-
curately evaluate the effect of small
mutations gecurmiog at  psewdogenes,
functional non-allelic copies or mutat-
ed alleles of multigene fumilies. It con-
sists of the intreduction of the mutated
area, with a minimal amount of flank-
ing DNA sequences. into the structural
region encoding a homologous so-
called reporter gene for which anti-
bodies or a quantitative assay are avail-
able. We used this system 0 examine
the influence on gene expression of se-
quence variations found in hPL genes.
[n addition, we inserted a matation oc-
curring at a putative hPL. pseudogene
(1) into the context of the hGH struc-
tural gene. The convenience of using
hGH as a reporter protein (13) allowed
us to use a simple radioimmunoassay
o yuantify die eflect of these nacleo-
tide sequence changes.

MATERIALS AND METHODS

Construction of Recombinant Plas-
mids and Preparation of Their DNA

Restriction and other enzymes were
obtained from commercial suppliess
(BRL/Life Technologies. Gaithers-
burg, MD, and New England BioLabs,

Beverly, MA) and used accarding 10
the manufacturers’ instructions. The
characterization of IWPL genes has al-
ready been described (L), The vector
descnbed here was derived from pNUT
(9), a gift from Richard Palmiter, and
consisted of the largec DNA fragment
resufting from BamHl pius EcoRI
digestion of this piasmid. Tius (rag-
ment was isolated (14) and ligated o
the DNA fragments, flanked by the
same sites, carrying the gene fragments
of inverest. Ligations and transforma-
tions were carned out as previously
described (2.8). Recombinant plasmids
were first isolated from 3-ml ovemight
cultures and then characterized by
resticton analysis, followed by large-
scale preparation (3). pMThGHILL
(10) was also a gift from Richard Pal-
miter, and pS V2ZgpthGH (12) was a gift
from Grady Saunders. pPCMVhGH was
constructed in our laboratory by replac-
ing the chloramphenicol acetyltrans-
ferave (CAT) sequences in pCMVcat
(4) with structural hGH gene.

Cell Cylture, DNA Traasfection and
Detection of Tramsiently Expressed
Proteins

COS-7 cells (a gift from Tien Kug)
were adapied 10 grow in Dulbecco’s
modified Eagle's medium (Sigma
Chemical, St. Louis, MO) containing
1% fewal calf serum (FCS) (Hyclone
Laboratorics, Logan, UT). lhey were
maintined at 37°C with 5% COs.
Plasmid DNA (7.5 pg/60-mm-diameter
Petri dish) was wansfecied by the cal-
cium phosphate method (6). Efficiency
of transfections was narmalized by co-
wansfecting with pCMVeat and moai-
toring CAT activity (5).

Quantification of hGH and hPL-
hGH chimenc proteins was achieved
using a commercially available radio-
immunoassay kit (Diagnostic Products,
Los Angeles, CA). Media from cul-
tured cells were diluted and assayed
using the protocol included with the kit
and brefly summarized as follows:; Q.1
ml of calibrators (ranging from 0-30
ng/ml, the lawer concentration cor-
responding 1o 60 plU/m! ot the World
Health Ovganization standard) and
diluted samples were added w0 12 x 75-
mm tubes. Anti-hGH rabbit serum (0.1
ml) was added to the rubes and the mix-
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tuces were mcubated for 1 h at room
temperature. This antibody is known to
be highly specific for hGH. {t presents
cross-reactivities to hPL, thyroid
simulating hormone (TSH), follicle
stimutated hormone (FSH), luteinizing
hormone (LH) and rowards a subunit f
of human charionic gonadotropin
(HCG) of less than 0.006%. To each
tube was added 0.1 ml of 123]-hGH and
incubation continued for another hour,
A second antibody (goat anti-rabbit
scrum) (1.0 ml) mixed with PEG in sa-
line solution was added. After centri-
fugation, the supernatant was decanted,
and the radioacuvity remaining in the
tubes was determined. Cpm values of
experimerntal samples were used to es-
timate hGH councentrations using the
known hGH concentrations of the cali-
brators as reference.

RESULTS AND DISCUSSION

Choice of Expression Vector

The radicimmunoassay values of
secreted WGH from DNA transfection
experiments were compared For plas-
mid constructs pS VgpthGH. pMThGH,
pCMVhGH and pNUT. As illustrated
in Figure {, in plasmid pSVgpthGH,
the hGH structural gene is under the

Table I, Trannient Expression” of Humman
Growth Hormone Secreted Lnto the Media

of Transfected COS-7 Cells
Gene hGH Production®
None 03 & 073
hGH-N 856.03 £ 126,32
GH(PL-3:1ll) 408B.68+ §9.79
GH(PL-3m:lI) 028% 068
GH{PL-4:1,1) 82.94+ 3031

2 Plasmids transfected consisted of
the pNUT vector described in
Materials and Methods, carrying
as insert the gene indicated.

® Values, average and standard
deviations, are in ng of nGM/cul-
ture dish, obtained by radioim-
munoassay. Each represents data
from three independent cotranstec-
tion experiments using a driforent
set of plasmid DNA preparation
and pCMVcat to compensate for
varialions in transiection efficiency.
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control of natural hGH gene promoter
and a copy of the simian virus 40
(8V40) enhancer. The second con-
struct, pMThGH, has the hGH struc-
wiral gene joined 1o the metallothionein
promater.  The thid  construct,
pCMVHhGH, has the cytomegalovirus
enhancer-pramoter pair driving the ex-
pression of the hGH swucwral gene
(L1). Finally, pNUT uses the metal-
lothionein promoter and SV40 enhan-
cer o express the promoteriess hGH-N
gene. The level of hGH secreted imto
the wedium of coells wansfecied in
parallet with cach of these plasmid
consmructs was found to be highest with
pNUT (data not shown); therefore, we
chose pNUT for the rest of the study.

Homologous DNA Mutagenesis

We chose (o examine the effects of
two different types of mutations on
gene expression. The first being that of

sequence variations among the first
two exons of the hWPL-3 and WPL-4
geaes. The second conesponding o an
important donar splice point mutation
(GT—AT) found at the beginning of
the secomd intron of the putative hP’L
pseudogene (hPL-1 or hPL-like gene).
For the above purpose, we desigoed a
strategy called homologous DNA
mutagenesis, whereby we ioserted the
DNA regions of interest from the
homologous genes into the context of
the gene coding for hGH, A scgment
comprising the first 588 base paurs (bp)
of the gene from the capping site to the
second inuun of the hGH gene was
replaced by the comesponding seg-
ments ffom hPL-3 and hPL-4 genes,
These 588-bp segments from the two
active hPL genes display only eight
nucleotidic changes distributed as fol-
lows: one in the 5’ -untranslated region,
one in the first exon (signal peptide),
three in the first introa and three in the

p CMVhGH
4.9%b

Figure 1, Structure of hGH expression vectors, With the exception of pSVgpthGH, which contmns
the entire hGH gene wncluding ity natural promoter, all other vectors shown here were canstrucied by
fusing the hGH gene structural region between the SamHlI site ar the beginning af the first exan W the
EcoRf site at the 3° end wa different rranstnprional control elements. In pMThGH, the expressicn of the
hGH proinuter-less gene is direvied by the mouse meallothionen promoter In pNUT, the SVAQ
enhancer and the mouse metaligthionein promoer contml the level of wramcription. Finally, wn
pCMVHGH the aamengtonal contol element i the enlameer-prumater uf e immediae early

transeribexd repian of husnan cytomegalav s

Vol 9 N 2199y



BioFeedback

second intron. We also replaced this
same region for sequences from the
hPL-3m hybrid gene. hPL-3m (“m”
means imudated) is a dedvative from the
active hPL-3 gene constructed in our
laboratory (R. Ramifrez-Solis end H.A.
Barrera-Saldaia, unpublished results)
carrying the point mutatiovn at the
splice site described above. Maps of
these chimeric genes are shown in
Figure 2.

Traasient Expression Levels of the
WGH Structural Genes Containing
Mutativos

To quantify the effects of the ex-
pression of the sequence changes inwo-
duced into the hGH sauctural gene
after their construction, we inserted the
hybrid genes into pNUT. Both the plas-
mids carrying the hybrid geunes and
control plasmids were introduced into
COS-7 culwred cells, We found that
the media from cells transfected with
the plasmid carrying the hRGH-N/GPL-3
kybrid gens [GH(PL-3: 1, II})] con-
tained hGH equivalent to 62.3% of that
found with the positive control
(pNUT), Values of hGH, five times
lower than those oubtained with the

GH{PL-3' L.
8 S e

GRIPL-3m 1.1
PS p .

GHIPL-471,00)
]

8 PS

Figure 2. Genetic organization of chlmeric
gewe cumstructs. The drawings illuseaie the
meps and origin of the pene frayments (2150 bp)
ued for the construction of the chimeric genes
used, Boxes represent exons. Sites for restnction
cuaymes are: 8 = Buatil, P = Pvull. § = Sacl
ad E = £ R, Ungins of gene tragments arc
black. hPL-% stuppled, hPL-1; hatched, h'L 4;
and open. hGH-N,
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hGH-NMPL-3 hybrid gene, were
detected ia the media of cells transfec-
ed with the hGH-NMPL-4 hybrid gene
[GH(PL4: I, [D)] plasmud. The hGH
level in the media af cells mansfected
with the plasmid vector having as in-
sert the hGH-N/hPL-3m hybrid gene
[GH(PL-3ra; 1, II)] was negligible.
These results (see Table 1) suggest that
the splice site mutaton at the begin-
ning ot intron LI of the hPL-1 gene may
be whe cause of a reduced expression of
this gene. In addition, they help to
reveal sequence variations within the
first 600 bp of the 2 active hPL genes
as a possible source of difference in (he
hPL gene expression level.

CONCLUSIONS

A novel aspect of our strategy is the
use of nGH, a convenient extzacellular
refersnce protemn {(13) to quantify the
effect of mutations on gene expression.
It is particularly helpful when studying
the expression of a gene related to the
repocter gene. This is achieved by
homologous DNA mutagenesis, which
cousists of the invertion of mutations
present in members aof a multigene
family into the context of a homolo-
gous reporter gene. Using the gene
coding for the well-known form of
hGH, our approach permits a quantita-
tive measurement of the effect of prac-
tically any mutation or nucleotide se-
quence change occwring in placental
lactogen and growth hormone genes.
QOur procedurc should be passible to
use with any gene whose protein
product can be easily detected.
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