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SUMMARY 

Background:Retinal pigment epithelial (RPE) cells play
..... i!llp�rtant roleJn the inflammatory response of the eye. Trans­

fôhliing grówtlifâêtôr-beta (TGF.:.�) and other members of the TQF-� superf�'íijily llre described to regulate some RPE cells
fµªctións�).ntfüsstlidy the expression of TGF-� superfamily
rêcept(jfsTii R�Etêêns ât riiRNAlevel was investigated 

Meth'ôds: R:'f.JptR. tê'ctlnique was performed usrng mRNAs 
frÔID DÍJO"Í RPE cells (human RPE cell line) and HaCatTcells ••.. 
(human keràtinocyte cell line used as positive control). 

Results: Expression of 6type1 receptors (TGF-� type 1 recep­
tor,ALK-l;Activilitypel receptor, activin type IB receptor, BMP 
typêIA reêeptôi-;BMP type IB receptor), and 4 type Ilreceptofr
(TGF;.�typeU receptor; activin type II receptor, activin type IIB 
receptor, BMP type Il receptor) were studied. The results 
demonstrated that TGF-�, activins and BMPs express their own 
specific receptors at mRN A levei. 

Conclusions: The present study suggests that TGF-� 
superfamily members can exert effects on D407 RPE cells through
their specific receptors. 

Key words: TG F-P superfamily receptor, Reti nal pigment epithel ia l  cells, Polymerase chain 
react ion .  

INTRODUCI10N 

Retina! pigment epithelial (RPE) cells play a very important role in the 
normal function ofthe retina. They are responsible for the formation ofthe 
outer blood-ocular barrier, phagocytosis of rod and cone outer segments, 
vitamin A metabolism, and important regulator ofposterior segment ocular 
inflammatory responses (Yamashita H, 1 986; Liversidge J, 1 993 ) . Proli­
feration and migration of RPE cells in pathological situations may 
contribute to the pathogenesis of proliferative vitreoretinopathy, subma­
cular neovascularization, pigment epitheliopathy and other diseases (Ma­
chemer R, 1 977). 

Transforming growth factors (TGF) were first identified as small 
polypeptides that caused transformation and induced proliferation of non­
neoplastic cells in culture. However, these cytokines are now known to be 
multifunctional proteins with different effects on many target cells and 
tissues, being involved in the regulation of inflammation, immune 
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Table 1 .  Oligonucleotide primers sequence, corresponding bases in the receptor sequence, anneal ing temperature and 
predicted size of the PCR product. 

responses and tissue repair (Wahl SM, 1 989) .  Among TGF 
there is the TGF� superfamily that includes TGF� isoforms 
(TGF� l, TGF�2, TGF�3) as well as other structurally related 
multifunctional proteins such as activins and bane morpho­
genic proteins (BMPs) which are expressed in  the eye and it 
has been reported to exert some effects on the RPE functions 
(Leschey KH, 1 990;  Sheu SJ, 1 994;  Murphy TL, 1 995 ; 
Gabrielian K, 1 994; Osusky R, 1 994 ) .  

l t  has been described that RPE cells  produce TGF� 
superfamily members (Lutty GA, 1 99 3 ;  Pfeffer BA, 1 994;  
Anderson DH, 1 995)  and express their mRNA (Tanihara H, 
1 993; Jaffe GJ, 1 994; Kvanta A, 1 994) . 

Our purpose in the current study was to investigate the 
express ion of mRNA transcripts for TGF� superfamily 
receptors in cultured human RPE cel ls .  

MATERIALS AND METHODS 

Cell cultores 
- A spontaneously arising, transformed cell line from human 

RPE cells, D407 (Davis AA, 1 995) (obtained from Dr. R. C .  Hunt 
from the University of South Carolina, USA) was used and 
cultured in Eagle ' s  minimum essential medium (EMEM, Nikken 
Biomedical Lab . ,  Kyoto, Japan) containing 1 5% fetal bovine 
serum (FB S ,  Gibco BRL, Gaithersbutg, MD, USA) and genta­
micin (20 µg/ml, B io Whittaker, MD, USA). These cells were 
incubated in a humidified incubator in a 5% co

2 
atmosphere at 

37ºC, and the culture medium was changed every 48 hours . As 
it is a cell line, it mantains its characteristics even after severa! 
passages. ln this study, cells were seeded at passage 26 1 and 
the experiment was repeated over 5 times .  

- Human keratinocyte cel l  l ine (HaCaT), (received from 
Prof. Dr. Norbert E. Fusenig, head of the Division of Differen­
tiation and Carcinogenesis of the German Cancer Research 
Center in Heidelberg , Germany) (Boukamp P, 1 988)  was used 
as the positive contrai of TGF-� superfamily receptor expres­
sion (TGF- �1  and TGF-�2 receptors : Game S M, 1 992; activin 
and BMP receptors : personal communication from Dr. H. 
Yamashita of the Department of Ophthalmology, Faculty of 
Medicine, University of Tokyo,  Japan) .  HaCat cells were 
maintained in EMEM with addition of 1 0% FB S .  

Expression o f  TGF-jJ superfamily receptors 
lµg of messenger RNA (mRNA) was extracted via 0.05 

trypsin-EDTA (Gibco-Grand Island, NY) digestion (enzyme 
action was neutrali zed by serum-supplemented media) from 
subconfluent culture of RPE cells using Quick Prep Micro 
mRNA Purification Kit (Pharmacia Biotech, Uppsala, Sweden) 
and reverse transcribed into first-stranded complementary 
DNA (cDNA) by First-strand cDNA Synthesis Kit (Pharmacia 
B iotech) .  Human keratinocyte cell line (HaCat cells) was used 
as positive contrai . 

cDNAs from RPE cells and HaCat cells were used as 
templates for PCR. PCR was performed with 0 .5ml of cDNA 
template, l üpmol of sense, l üpmol of antisense, l üml of lOX 
PCR buffer, 8ml of 20mM dNTTPs , 2 .5U Taq polymerase 
(Takara, Japan) and sterile water to l OOml ,  using Astec 
Program Temperature Contrai System, PC-700, according to 
the following:  1 cycle of denaturation at 95ºC (5min) ,  annea­
ling temperature of 55-65ºC,  depending on primers used 
(2min),  extension at 72ºC (2min); 28 cycles of94ºC ( l min), 55-
65ºC, depending on primers (2min), 72ºC (2min), followed by 1 
cycle of 94ºC ( l min) ,  55-65ºC,  depending on primers (2min) 
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and 72ºC ( l ümin). Oligonucleotide primers (obtained from Dr. 
K. Miyazono of the Department of B iochemistry, the Cancer 
Institute, Japan) ,  predicted size for RT-PCR products and 
anneal ing temperature are l i sted in Table 1 .  The sarne 
experiment was performed using a greater amount of sterile 
water instead of cDNA as negative control .  After PCR, each 
sample was electrophoresed (Mupid/Advance Co Ltd 0.4X3 , 
l OOV) through a 1 . 5 %  (wt/vol) agarose gel and stained with 
ethidium bromide. 

RESULTS 

Expression of TGF-[3 superfamily receptors 
ln order to confirm the expression of TGF-P superfamily 

receptors in  RPE cells ,  RT-PCR was performed using mRNAs 
from RPE cells and HaCat cells. Among the examined receptors, 
the predicted PCR products of 5 type 1 receptors (TGF-P type 1 
receptor, Activin type 1 receptor, activin type IB receptor, BMP 
type IA receptor, BMP type IB receptor) (Fig .  1 ) , and 3 type II 
receptors (TGF-P type II receptor, activin type II receptor, BMP 
type II receptor) (Fig .  2) were detected in  RPE cells and HaCaT 

fype t recwptors in RPE (0407) 

Fig. 1 - Expression of TGF-� superfami ly type 1 receptors. C: HaCat 
contro l ,  R :  RPE cell l ine (0407) 

Fig. 2 - Expression of TGF-� superfamily type l i  receptors. C: HaCat 
control ,  R: RPE cel l l ine (0407) 
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cells. Activin receptor-like kinase 1 (ALK- 1 )  receptors were not 
detected neither in  RPE cells nor in HaCaT cells .  

DISCUSSION 

The response of RPE cells in  many pathological situations 
i s  very important for the evolution of the disease (resolution 
or complications) (Yamashita H, 1 986;  Liversidge J, 1 993) and 
growth factors , such as TGF-P superfamily members , seem to 
play an important role° �m this response (Yoshimura N, 1 995 ; 
Matsumoto M, 1 994) . . 

lt is likely that the TGF-P superfamily members receptors 
have a serine/threonine kinase activity domain in common 
that i s  very important for signal transduction.  TGF-P signal 
transduction depends on two types of receptors , type 1 and 
type II, which have a cytoplasmic protein serine/threonine 
kinase activity . Both types 1 and II receptors must internet 
with each other in a receptor complex for the signal transduc­
tion : receptor type II binds TGF-B (l igand) and receptor type 1 
transduces the signal (Miyazono K, 1 994, Miyazono K, 1 994 ) .  

Fetal human RPE cells were cultured for this experiment, 
however the amount of cells during the first three passages 
was insufficient for mRNA extraction .  After the fourth 
passage, cells lost their characteristics and D407 , a human cell 
l ine, was chosen. 

Transformed and nontransformed human RPE cells ex­
press and secrete TGF-P (K vanta A, 1 994 ) ,  and D407 , RPE cell 
line used in  this study, expressed 5 TGF-P superfamily type 1 
receptors and 3 type II receptors, demonstrated through RT­
PCR method, meaning that thi s  occured at mRNA levei . Each 
of all type 1 and type II receptors obtained from RPE showed 
the sarne size as those from HaCat cells (positive control) .  We 
also investigated the expression of ALK- 1 receptor that has 
not been described yet. However its mRNA was not detected 
by RT-PCR in cultured human D407 RPE cells nor in HaCaT 
cell line. 

The present results demonstrated that TGF-P, activins and 
BMPs express their own specific receptors at mRNA levei and 
these growth factors can exert effects on D407 RPE through 
them. lt suggests that TGF-P superfamily members act directly 
on the cell  surface activating some intracellular signal 
transduction pathway . Our aim in  the next study is  to inves­
tigate this pathway since the l igand biding to its receptor, the 
intracellular messengers involved in the signal transduction 
to the evidence of the growth factor influence in  cell migration 
and proliferation.  

RESUMO 

Objetivo: O epitélio pigmentário da retina (EPR) desem­
penha um importante papel  na resposta inflamatória 
ocular. " Transforming growth factor-beta " (TGF-{3) e 
outros membros de sua superfamília têm sido descritos 
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como reguladores de certas funções do EPR. Neste estudo, 
os auto res investigaram a exp ressão de receptores da 
superfamília de TGF-/3 superfamily nas células do EPR a 
nível de RNA mensageiro. 
Métodos : Técnica de RT-PCR foi usada com RNA mensa­
geiro de D407 (linhagem de células do EPR humano) e 
Ha CatT (linhagem de queratócitos humanos usados como 
controle positivo). 
Resultados : A expressão de 6 receptores tipo I (TGF- /3 
receptor tipo /, ALK- 1 ,  activina receptor tipo /, activina 
receptor tipo IB, BMP receptor tipo IA, BMP receptor tipo 
JB), e 4 receptores tipo II (TGF-/3 receptor tipo II, activina 
receptor tipo II, activina receptor tipo IIB, BMP receptor 

tipo li) foi investigada. Os resultados demonstraram que 
TGF-/3, activinas e BMPs expressam receptores específicos 
a nível de RNA mensageiro em células do EPR. 
Conclusõe s :  O presente estudo sugere que membros da 
superfamília de TGF-/3 podem exercer efeitos nas células de 
EPR D407 através de seus receptores específicos. 

Palavras chave: Receptor  da superfamília TGF-/3; Células 
do epitélio pigmentário da retina; Reação em cadeia da 
polimerase. 

REFERENCFS 

1 .  Yamashita H, Hori S, Masuda K.  Population and proportion of component 
cells in preretinal membranes. Jpn J Ophthalmol l 986;30:269-8 1 .  

2 .  Liversidge J ,  McKay D ,  Mullen G, Forrester JV. Retina! Pigment Epithelial 
Cel ls  Modulate Lymphocyte Function at the B lood-Retina B arrier by 
Autoerine PGE2 and M embrane - B o u n d  Mechanisms .  Ce.l l  · Immunol  
1 993 ;  1 49 :3 1 5 -330. 

3 .  M achemer R ,  Laqua H. Pigment epithel ium proliferation in  retina!  
detaehment (massive periretinal proliferation) .  Am J Ophthalmol 1 975 ;80: l -
2 3 .  

4 .  W a h l  SM,  McCartney-Francis N ,  Mergenhagen SE� I.nflammatory and 
immunomodulatory roles of TGF-beta. lmmunol :'foday 1 989; l 0:258-6 l .  

5 .  Leschey KH,  Hachett SF,  S inger J H ,  Campochiaro PA. Growth factor 
responsiviness of human retina! pigment epithelial cells.  lnvest Ophthalmol 
Vis Sei 1 990;3 I :839-46. 

· 

6. Sheu SJ, Sakamoto T, Osusky R, Wang HM,  Ogden TE, Ryan SJ, Hinton 

DR, Gopalakrishna R.  Transforming growth factor beta regulates human 
retinal pigment epithel ial cell  phagocytosis by influencing a protein C­
dependent pathway. Graefe's  Arch Clin Exp Ophthalmol 1 994;232:695-70 1 .  

7 .  Murphy TL, Sakamoto T ,  Hinton DR, S pee C ,  Gundimeda U, Soriano D, 
Gopalakrishna R, Ryan SJ. Migration of retina! pigment epithelium cells in 
vitro is regulated by protein kinase C. Exp Eye Res l 995 ;60:683-95. 

8. Gabrielian K, Osusky R, Sippy BD, Ryan SJ,  Hinton DR. Effect of TGF-beta 
on lnterferon-gamma-induced HLA-DR expression in human retina! pigment 
epithelial cells l nvest Ophthalmol Vis Sei l 994;35 :4253-59. 

9 .  Osusky R, Soriano D,  Y e J ,  R yan SJ. Cytokyne effect on fibronectin release 
by retina! pigment epithelial cells Cur Eye Res 1 994 ; 1 3 :569-74. 

1 0. Lutty GA, Merges C,  Threlkeld AB, Crone S ,  McLeod OS. Heterogeneity in 
Localization of I soforms of TGF-beta in  Human Retina, Vitreous,  and 
Choroid. lnvest Ophthalmol Vis Sei 1 993;34:477-87. 

l l .  Pfe ffer B A ,  Flanders KC, Guérin CJ, Danielpour D ,  Anderson OH.  
Transforming growth factor beta 2 is the predominant isoform in the neural 
retina, retina! pigment epithelium-choroid and vitreous of the monkey eye. 
Exp Eye Res l 994;59:323-33.  

1 2 . Anderson OH, G uérin CJ , H ageman G S ,  Pfeffer BA, Flanders KC. 
Distribution of transforming growth factor beta isoforms in the mammalian 
retina. J Neurosci Res 1 995 ;42 :63-79. 

1 3 .  Tanihara H,  Yoshida M, Matsumoto M ,  Yoshimura N. lddentification of 
transforming growth factor-beta expressed in cultured human retina! pigment 
epithelial cells. lnvest Ophthalmol Vis Sei 1 993;34:4 1 3 - 1 9. 

1 4 . Jaffe GJ , Harrison CE, Lui GM, Roberts WL, Goldsmith PC, Mesiano S,  
Jaffe RB . Activin expression by cultured pigment epithelial cel ls .  Invest 
Ophthalmol Vis Sei 1 994 ;35 :2924-3 1 .  

1 5 .  Kvanta A .  Expression and secretion of transforming growth factor-beta in 
transformed and nontransformed retina! pigment epithelial cells. Ophthalmic 
Res l 994;26:36 1 -7. 

1 6 . Davis AA, Berstein PS, Bok D, Turner J ,  Nachtigal M ,  Hunt RC. A human 
retina! pigment epithelial cell  line that retains epithelial characteristics after 
prolonged eulture. lnvest Ophthalmol Vis Sei 1 995;36:955-64. 

1 7 .  B oukamp P,  Petrussevska RT, B reitkreutz D,  Hornung J ,  Markham A, 
Fusenig NE. Normal kerat in ization i n  a spontaneously immortal ized 
aneuploid human keratinocyte cell line. J Cell B iolo 1 988 ;  1 06:76 1 -7 l .  

1 8 . Game S M ,  Huelsen A ,  Patel V ,  Donnelly M ,  Yeudall W A ,  Stone A, 
Fusenig N E, Prime S S. Progressive abrogation of TGF-beta and EGF 
growth control is associated with tumour progression in ras-transfected human 
keratinocytes. lnt J Cancer l 992;52:461 -70. 

1 9 . Yoshimura N, Matsumoto M, Shimizu H,  Mandai M, Hata Y, lshibashi T . 
Photocoagulated human retina! pigment epithelial cells produce an inhibitor 
of vascular endothelial cell proliferation. Invest Ophthalmol Vis Sei 1 995; 
36:  1 686-9 1 . 

20. Matsumoto M, Yoshimura N, Honda Y. lncreased production of transforming 
growth factor beta 2 from cultured human retina! pigment epithelial cells by 
photocoagulation. lnvest Ophthalmol Vis Sei l 994 ;34:4245-52. 

2 1 .  Miyazono K, Dijke P.ten, Yamashita H ,  Heldin CH.  Signal transduction via 
serine/threonine kinase receptors. Seminars in Cell B iology l 994;5 :389-98. 

22. Miyazono K,  Dijke P.ten, Ichiji H ,  Heldin CH . Receptors for transforming 
growth factor-beta. Advances in lmmunol 1 994 ;55 : 1 8 1 -220. 

ARQ.  B R A S .  OFTAL. 6 1 (2 ) ,  AB RIL/ 1 998 - 151 




