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INTRODUCTION

Blastocyst  implantat ion in the human is

a  f ine ly  regu la ted  process .  Lu tea l  phase
progesterone provides the hormonal drive for
induc ing  endomet r ia l  sec re tory  matura t ion

EFFECT OF HUMAN CHORIONIC GONADOTROPIN (HCG) ON EXPRESSION
OF VASCULAR ENDOTHELIAL GROWTH FACTOR A (VEGF-A) IN
HUMAN MID-SECRETORY ENDOMETRIAL CELLS IN THREE-
DIMENSIONAL PRIMARY CULTURE

SATYAKI SENGUPTA 1,  JAYASREE SENGUPTA 1,  SUNEETA MITTAL 2,
SUNESH KUMAR 2,  AND DEBABRATA GHOSH 1*

Department of 1Physiology, 2Obstetrics and Gynecology,
All India Institute of Medical Sciences,
New Delhi – 110 029

( Rece ived  on  November  15 ,  2007 )

Abstract : Several lines of evidence suggest that human uterine endometrial
ce l l s  can  b ind  human  chor ion ic  gonado t rop in  (hCG)  which ,  in  tu rn ,
in f luences  the  phys io logy  of  implan ta t ion  s tage  endomet r ium.  Vascu la r
endothel ial  growth factor  (VEGF) appears  to  be a  candidate  mediator  in
this process. However, our knowledge about hCG action on VEGF in human
endometr ia l  ce l l s  i s  very  th in .  In  the  present  s tudy,  we have  examined
microscopically hCG binding to dissociated human endometrial cells collected
f rom mid- lu tea l  phase  and  main ta ined  in  th ree -d imens iona l  p r imary
co-culture on rat-tail collagen type I biomatrix and examined the effect of
different concentrations (0, 1, 10, 100 and 1000 IU/ml) of hCG on VEGF
express ion  and  sec re t ion  by  endomet r ia l  ce l l s  main ta ined  in  the  above
system.  We report that both cytokeratin positive epithelial cells as well as
vimetin posit ive stromal cells  from human mid luteal  phase endometrium
could  bind hCG and that  the i r  number  increased (P<0.01)  s teadi ly  wi th
t ime .  Admin is t ra t ion  o f  hCG enhanced  (P<0 .05)  immunoreac t ive  VEGF
protein expression in dose dependent manner in endometrial cells retrieved
from mid-luteal phase of cycle, and co-cultured in a three-dimensional cell
culture system, but with  no marked change in VEGF secretion. Collectively,
i t  appears  tha t  hCG inf luences  VEGF pro te in  syn thes i s  in  human mid-
luteal  phase endometr ia l  cel ls ,  but  has  l i t t le  effect  on post- t ransla t ional
regulation and secretion. From physiological homeostasis point of view, it
i s  l ike ly  tha t  syn thes i s  and  secre t ion  of  VEGF exhib i t s  a  modular  and
factorial regulation to achieve a fine tuning of this potent vasotropic agent
in  recept ive  s tage  endometr ium.
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that  is  essential  for  blastocyst  implantat ion
(1–3).  The progesterone driven endometr ial
secre tory  response  presumably  ac t s  on
the  pre implan ta t ion  s tage  embryo ,  which
subsequent ly  undergoes  func t iona l
d i f fe ren t ia t ion  and  secre tes  subs tances  to
fur ther  ac t  on  the  p roges te rone-domina ted
endomet r ium (4) .  Such  pu ta t ive  mutua l
in te rac t ion  be tween  materna l  endomet r ium
and implantation stage embryo thus appears
s igni f icant  towards  endometr ia l  recept iv i ty
(5 ,  6) .  Of  var ious  embryo-der ived  fac tors ,
chor ionic  gonadotropin  (CG) is  one of  the
earliest  identified embryo-derived factor (7,
8 )  tha t  may  ac t  on  recep t ive  s tage
endomet r ium and  in f luence  morphologica l
and  b iochemica l  parameters  concern ing
implantation (9–12). Intrauterine infusion of
hCG in women during their  luteal phase of
mens t rua l  cyc le  resu l ted  in  d i s t inc t ive
modulation within the uterine luminal  f luid
of  severa l  cy tok ines  inc lud ing  vascu la r
endothe l ia l  g rowth  fac tor  (VEGF)  (10) .
The  major  i soform VEGF-A i s  a  d imer ic
g lycopro te in  tha t  in f luences  vascu la r
permeability and endothelial cell proliferation
(13 ,  14) .  VEGF-A is  expressed  in  a  s tage
spec i f ic  manner  in  human endomet r ium
throughout the menstrual cycle (15, 16) with
a higher expression of VEGF mRNA during
the secretory phase (17). It is also expressed
in implantation stage endometrium (18) and
exhibits a vectorial secretion towards luminal
cavity with a putative embryotropic function
(10,  19) .  Systemic administrat ion of  VEGF
monoclona l  an t ibody  dur ing  the  per i -
implan ta t ion  per iod  led  to  fa i lu re  o f
pregnancy in rhesus monkeys (20) .

Taken  toge ther ,  i t  appears  tha t
chor ion ic  gonadot rop in  (CG)  secre ted  by
preimplantation stage embryo may influence
VEGF synthesis and secretion by synchronous

maternal endometrium, and that endometrial
VEGF in  tu rn  may suppor t  embryo
implan ta t ion .  However ,  we  have  very
l i t t l e  knowledge  about  the  under ly ing
paracrinology of CG induced VEGF synthesis
and  secre t ion  by  endomet r ia l  ce l l s  in  the
human.  The  a im of  the  presen t  s tudy
therefore was to examine the potential  role
of  human chorionic  gonadotropin (hCG) in
modula t ing  express ion  and  secre t ion  of
VEGF-A in mid-secretory endometrial  cel ls
us ing  an  in  v i t ro  th ree-d imens iona l  ce l l
cu l ture  model .

MATERIALS AND METHODS

S a m p l e s

Human mid-secretory stage endomet r ia l
samples  were obtained from heal thy fer t i le
women pa t ien t s  (n=14;  age :  20–38  years )
admitted to the Department of Obstetrics and
Gynecology  of  the  Al l  Ind ia  Ins t i tu te  o f
Medical  Sciences  for  undergoing t rea tment
due  to  ben ign  u te r ine  f ib ro id  and  vag ina l
prolapse.  Human endometr ia l  samples  f rom
opera t ion  thea t re  were  co l lec ted  on  ice  in
steri le DMEM-F12 (1:1) medium containing
5% (v /v )  FCS,  gen tamic in  (10  µg /ml ) ,
penicillin (100 IU/ml), streptomycin (100 µg/
ml)  and fungizone (2  µg/ml)  solut ions  and
immedia te ly  t ranspor ted  on ice  to  the  ce l l
cul ture  laboratory.  The pat ients  who had a
past history of immune diseases, malignancy
of uterus,  and any chronic diseases or who
were  on  ora l  con t racep t ive  p i l l s  were
exc luded  f rom the  s tudy .  E th ica l  approva l
for the study was obtained from the Ethics
Commit tee ,  Al l  Ind ia  Ins t i tu te  o f  Medica l
Sciences and written consent was taken from
indiv idua l  pa t ien t s  a f te r  exp la in ing  the
nature  of  the  s tudy.
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Process ing  o f  t i s sue  samples

All samples were divided into two parts:
one  par t  was  f ixed  in  phospha te -buf fe red
neut ra l  fo rmaldehyde  (4% w/v) ,  pH 7 .4 ,
whi le  the  second  par t  was  processed  for
endometrial cell isolation and culture. Fixed
tissue samples were washed with phosphate
buffered sa l ine  (PBS)  and then dehydrated
through graded series of ethanol. After quick
washing with pre-chilled acetone, tissue was
put  in  cedar  wood  o i l  t i l l  c lea r ing .  Af te r
process ing  th rough  graded  xy lene  and
paraff in ,  t i ssue  samples  were  embedded in
para f f in  wax .  Blocks  were  cu t  in to  5  µm
th ick  sec t ions .  Sec t ions  were  de-waxed  in
xylene,  rehydrated in graded concentrat ions
of  e thanol  and  f ina l ly  d i s t i l l ed  wate r .
Hematoxyl in  s ta in ing  was  done  for
endometrial dating using Noyes’ criteria. The
major part  of the tissue sample was further
processed for endometrial  cell  isolation and
culture on rat-tail collagen type I as described
previously (21).  Two samples that failed to
show features typical of mid-secretory phase
endometrium were discarded for this  s tudy.

Cel l  i so la t ion  and  cu l ture

The details of endometrial  cell  isolation
and culture on rat-tail collagen I matrix have
been given elsewhere (21–23). Briefly, tissue
sample  was  washed  th ree  t imes  in  s te r i l e ,
co ld  Ca 2+–Mg 2+ f ree  Hank’s  ba lanced  sa l t
solution, minced on ice and incubated at 37°C
wi th  0 .2% (w/v)  co l lagenase  in  Hank’s
balanced salt  solution (HBSS) supplemented
with 2% (v/v) fetal calf serum, 15 mM HEPES
for  30  min  in  shak ing  wate r  ba th .  The
resu l ted  ce l l  suspens ion  was  then  washed
twice with HBSS at 300x g for 10 min and
finally resuspended in 1 ml of HBSS. This

was then placed on 40% percoll gradient and
centrifuged at 600x g for 20 min, cells at the
interface col lected and washed with HBSS.
Final washings were done in DMEM-F12 (1:1)
medium and the pellet was resuspended in 1
ml of medium to determine cell number and
cell viability by the trypan blue method. Cell
viability was found to be 90+3%. The isolated
cel ls  f rom individual  subjects  (n=12)  were
cultured at 37°C in humidified chamber with
5% CO

2
 in air at plating density of 3–5 × 105

ce l l s  pe r  square  cen t imete r  in  ra t - t a i l
co l lagen  type  I  ge l  mat r ix  (1 .2  mg/ml)  as
descr ibed  e l sewhere  (24) .  Medium was
changed after 24 h of plating. After 48 h of
initiation of culture the cells were subjected
to  se rum-f ree ,  DMEM-F12 (1 :1)  medium
supplemented  wi th  insu l in  (10  µg /ml ) ,
transferrin (5.5 µg/ml), selenium (6.7 ng/ml)
and hydrocortisone (5 µg/ml)).  After 3 h of
serum free medium cel ls  were divided into
five groups in triplicates containing different
doses of hCG (0, 1, 10, 100, 1000 IU/ml) as
shown in Table 1. Spent media were collected
after  24 h.  The medium was centrifuged at
10,000x g for 5 min and the supernatant was
collected and stored at -20oC for subsequent
immunoassay  of  VEGF and  Weste rn  b lo t
ana lys i s .  The  endomet r ia l  ce l l s  g rown in
cu l tu re  were  fu r ther  p rocessed  for
immunocytochemis t ry  as  descr ibed  be low.
Supplies were obtained from Sigma Chemical
Co. (St. Louis, MI, USA).

Viabi l i ty  assay

In order to ascertain whether addition of
hCG inf luenced  ce l l  v iab i l i ty  under  the
culture condit ions,  MTT (3-[4,5-dimethyl-2-
thiazolyl]-2,5-diphenyl-2-tetrazolium bromide)
based  v iab i l i ty  assay  was  per formed as
descr ibed elsewhere  (25,  26) .  2-3 × 105/cm2



22 Shantanu De  et   al Indian J Physiol  Pharmacol 2008; 52(1)

cel ls  were cul tured in  t r ipl icate  in  96-well
flat bottom tissue culture plates coated with
100 ml rat-tail collagen (1.2 mg/ml) matrix.
After 48 h of cell seeding as describe above,
the  ce l l s  were  incuba ted  wi th  e i ther  1000
IU/ml of hCG or control medium without hCG
for 24 h. At the end of culture, MTT based
viabi l i ty  assay was performed as  descr ibed
elsewhere  (25,  26) .  Br ief ly ,  5  mg/ml  MTT
dissolved in pre-warmed PBS and filtered by
0.2 µm filter was added to culture well and
incuba ted  for  2  h ,  and  the  comple t ion  of
reaction was followed under the microscope.
At  the  end  of  the  incuba t ion  per iod  the
medium was removed,  the cel ls  were lysed
and  conver ted  dye  so lub i l i zed  wi th  ac id ic
isopropanol. All fine chemicals were obtained
from Sigma Chemical Co. Absorbance of the
produc t  was  measured  a t  a  wave length  of
570 nm with background subtraction at  630
nm on  microp la te  reader  (Model  550 ,
Microplate reader,  Bio-Rad laboratories Inc,
Hercules, CA, USA). All fine chemicals were
obtained from Sigma Chemical Co.

Binding  o f  b io t iny la ted  hCG to  cu l tured
endometr ia l  ce l l s

Biot in  label ing of  in tact  rhbCG (Sigma
Chemica l  Co . )  wi th  o r  wi thout  hea t
inac t iva t ion  was  ca r r ied  ou t  us ing  a
commercia l ly  avai lable  Biot in  label l ing ki t
from Roche (Penzberg,  Germany) and using
a procedure  provided by the  manufacturer .
Free  b io t in  was  separa ted  us ing  G25
Sephadex  co lumn obta ined  f rom GE
Healthcare (Tiong Bahru, Singapore) and the
biot inylated product  was eluted using PBS.
Dissociated endometrial cells from individual
pa t ien t s  (n=12)  were  g rown on  co l lagen
coa ted  cover  s l ips  fo r  24  h  as  descr ibed
above  and  fo l lowing  wash ings  in  se rum
free  medium,  na ïve  or  hea t  inac t iva ted

biotinylated rhbCG (1000 IU) was added. The
cul tu re  was  te rmina ted  a t  d i f fe ren t  t ime
points as shown in Table 2, and fixed with
4% (w/v)  para formaldehyde  a f te r  wash ing
with  PBS.  In t racel lu lar  peroxidase  ac t iv i ty
was  quenched  and  ce l l  bound  b io t iny la ted
hCG was  de tec ted  us ing  Vec tas ta in
k i t  ob ta ined  f rom Vector  Labora tor ies
(Burlingame, CA, USA) and visualized using
3 ,3’ -d iaminobenz id ine  hydroch lor ide  and
freshly added H

2
O

2
. The slides were viewed

under l ight  microscope (Leitz  DIALUX 20)
and photographic images were grabbed using
a photographic system (Leica WILD MPS 28).
In another set of study with parallel cultures
of endometrial cells were treated with naïve
or  hea t  inac t iva ted  b io t iny la ted  rhbCG as
above for different  t ime points  as given in
Table II, and hCG binding was detected using
fluorescence labeled antibody against  biotin
wi th  DAPI  nuc lear  s ta in .  F luorescence
labeled antibodies and DAPI were obtained
from Molecular Probes (Eugene, OR, USA).
The  s ta ined  covers l ips  were  mounted  wi th
an t i fade  mount ing  medium and  examined
under a Confocal Laser Scanning Microscope
(DMIRE2,  Le ica  Microsys tems ,  Wetz la r
GmbH,  Germany) .  For  each  of  the  t ime
point, numbers of positive cells per 200 cells
in  t r ipl icate  were counted.

Immunoassay  o f  VEGF

ELISA based immunoassay for  VEGF-A
was  car r ied  ou t  us ing  a  commerc ia l ly
avai lable  k i t  (Duo se t  ELISA development
sys tem)  f rom R&D Sys tems  (Minneapol i s ,
MN,  USA) fo l lowing a  procedure  pro tocol
descr ibed  e lsewhere  (20) .  Br ief ly ,  96  wel l
microplate was coated with goat  ant ihuman
VEGF (dilution 1:700) capturing antibody and
was  incuba ted  wi th  samples / s tandards  a t
room tempera ture .  Fo l lowing  wash ing  the
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wells were incubated with biotinylated goat
antihuman VEGF antibody (1:180), and then
wi th  s t rep tav id in  –  horserad ish  peroxidase
a t  room tempera ture .  F ina l  wash ing  was
fo l lowed  by  incuba t ion  wi th  subs t ra te
so lu t ion  con ta in ing  H

2
O

2
 and  3 ,3 ’ ,5 ,5 ’ -

tetramethylbenzidine and observed for colour
deve lopment .  Reac t ion  was  s topped  us ing
stop buffer (2N H

2
SO

4
). The optical density

of  each wel l  was  determined us ing ELISA
microplate reader (Microplate manager 4) at
450 nm. A seven point standard curve using
2-fold serial  dilution of a standard of 4000
pg/ml as supplied by the manufacturer  was
per formed and  the  concent ra t ions  o f
unknown samples  were  de te rmined .

Western  immunoblot

The  endomet r ia l  sec re tory  pro te ins  in
spen t  media  were  sub jec ted  to  separa t ion
by  us ing  sod ium dodecyl  su lpha te
polyacry lamide  ge l  e lec t rophores i s  (SDS-
PAGE) and Western immunoblot as described
ear l i e r  (27 ,  28) .  The  an t ibody  aga ins t
rhVEHF-A (R&D Systems, Minneapolis, MN,
USA) was raised in goat and was used at a
dilution of 1:500. 15 µg of the endometrial
secre tory  pro te in  f rom each  sample  was
separated on 12% SDS-PAGE and transferred
on  to  n i t roce l lu lose  membrane  (Bio-Rad
Labora tor ies ,  Richmond,  CA,  USA) .  Af te r
washing the membrane in Tris buffer saline
(TBS) it  was incubated in 1% (w/v) bovine
serum a lbumin  in  TBS for  1  h  in  room
temperature to block non specific binding of
the  an t ibody .  Fo l lowing  incuba t ion  wi th
the  pr imary  an t ibody  for  1  h  a t  room
tempera ture ,  membrane  was  incuba ted
wi th  b io t iny la ted-secondary  an t ibody  and
the bands were visual ized using Vectastain
ABC immunoperoxidase  k i t  (Vec tor
Laboratory, Burlingame, CA, USA) and 3,3’-

diaminobenzidine te trahydrochloride (Sigma
Chemica l  Co . )  as  per  manufac ture rs
instruction. The molecular weights of bands
were  de te rmined  us ing  the  ca l ib ra ted
molecular weight standards obtained from GE
Heal thcare  (Tiong Bahru,  Singapore) .

Immunocytochemical staining of cu l tured  ce l l s

After termination of culture endometrial
ce l l s  were  washed  th r ice  wi th  PBS and
were  f ixed  in  f resh ly  p repared  4% (w/v)
paraformaldehyde, pH 7.4 for 15 min at room
tempera ture .  Permeabi l iza t ion  of  ce l l s  was
done with 0.1% (v/v) Triton X-100 for 10 min
and nonspecific immunoglobulin binding sites
were blocked by pre-incubation with blocking
serum obta ined  f rom Vector  Labora tor ies
(Burlingame, CA, USA). This was followed
by the incubation with anti-human VEGF-A
(di lu t ion  1 :20)  an t ibody  (R&D Sys tems ,
Minneapolis, MN, USA) at 40C overnight in
a  humidi f ied  chamber .  Af te r  wash ing  the
excess  p r imary  an t ibody ,  ce l l s  were
incuba ted  wi th  an t i -goa t  IgG an t ibody
conjuga ted  wi th  Alexa  F luor  633  a t  room
temperature  in  a  humidif ied chamber for  1
h .  The  excess  o f  secondary  an t ibody  was
washed and cel ls  were  counters ta ined wi th
the  nuc lear  dye ,  d iamid ino-6-phenyl indole
(DAPI) .  Appropr ia te  p r imary  an t ibody
and  secondary  an t ibody  cont ro l s  were
run  s imul taneous ly .  Co- loca l iza t ion  for
immunoreactive cytokeratin as epithelial cell
marker  o r  v iment in  as  f ib rob las t  marker
a long  wi th  VEGF immunos ta in ing  was
performed fol lowing a  procedure  descr ibed
e lsewhere  (29) .  Ant ibodies  l abe led  wi th
f luorescence dyes  (Alexa Fluor  488,  Alexa
Fluor  633,  and Texas  red)  and DAPI were
obtained from Molecular Probes (Eugene, OR,
USA). The stained coverslips were mounted
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with  ant i fade mount ing medium (Molecular
Probes ,  Eugene ,  OR,  USA)  and  examined
under a Confocal Laser Scanning Microscope
(DMIRE2,  Le ica  Microsys tems ,  Wetz la r
GmbH, Germany). Numbers of immunopositive
cells per 200 cells in triplicate were counted.

S t a t i s t i c s

Kruska l -Wal l i s  t es t  and  Wi lcoxon  rank
tes t  were  per formed depending  on  the
requirement of one-way and between groups
analysis, respectively (30). Statistical analysis
was done using SPSS software (Chicago, IL,
USA).

RESULTS

As shown in  F igures  1A and 1B,  mid-
lu tea l  phase  endomet r ia l  ce l l s  in  th ree-
d imens iona l  p r imary  mixed  ce l l  cu l tu re
expressed  immunoreac t ive  VEGF-A,  and
appl icat ion of  hCG resul ted in  an increase
in  the  number  of  ce l l s  showing  VEGF
immunoprecipi ta t ion compared with  control
treatment, significant (P<0.01) changes being
observed  fo l lowing  appl ica t ion  of  100  IU
(P<0.05) and 1000 IU (P<0.01) hCG per ml
medium (Table I) .  VEGF was also detected
in  g land- l ike  s t ruc tures  tha t  were
occas ional ly  observed in  the  present  s tudy
(Fig .  1C) .  Co- loca l iza t ion  wi th  e i ther
cytokeratin or vimentin revealed that VEGF
pro te in  was  expressed  in  bo th  cy tokera t in
pos i t ive  ep i the l ia l  and  v iment in  pos i t ive
stromal cells (Fig. 1F-M). There was however
no significant difference in concentrations of
immunoreac t ive  VEGF in  spent  medium
from ce l l s  sub jec ted  to  hCG t rea tment
ranging  f rom 0  to  1000  IU/ml  (Table  I ) .
Immunoreac t ive  secre tory  VEGF–A was
de tec ted  in  th ree  bands ,  46  K,  30  K and

14 .3  K in  spen t  media  wi th  marg ina l ly
(P<0.05)  higher  opt ical  densi ty  for  14.3 K
band following hCG treatment (Fig. 2).  The
poss ib i l i ty  tha t  the  observed  increase  in
ce l lu la r  express ion  of  VEGF was  no t
associated with any drift in cell viability was
ruled out as treatment with 1000 IU/ml hCG
did not  resul t  in  any s ignif icant  change in
ce l l  v iab i l i ty  (95 ± 12%)  compared  wi th
control (assuming 100%) treated cells. Also,
a small  populat ion of  cel ls  showed nuclear
localization of VEGF protein (Fig.  1D).  As
shown in Table II,  the cultured endometrial

TABLE I I : T ime  course  o f  b io t iny la ted  rhβC G
bind ing  to  endomet r i a l  ce l l s  in  v i t ro .

Number  o f  ce l l s  in  per  cen t
T i m e Median  va lue  ( range)

I H C * IF*

1  min N D N D
10 min 8 (5-12) 11 (8-14)
30  min 10 (8-12) 17 (14-20)
60  min 16 (10-19) 28 (19-38)
6  h 39 (18-52) a 51 (35-55) a

16  h 77 (71-87) b,c 82  (70-92) b,c

*P<0.01 in  Kruskal -Wal l i s  tes t .  aP<0.05,  bP<0.01
compared  wi th  10  min ,  30  min  and  60  min .
cP<0 .01  compared  wi th  6  h .

TABLE I : VEGF pro te in  express ion  and  sec re t ion
by  endomet r i a l  ce l l s  fo l lowing  hCG
t r e a t m e n t .

Group Trea tmen t Median value (ranges)
(n ) (hCG,

I U / m l ) Spen t Intracellular
m e d i u m expression
( p g / m l ) (% cells with

i m m u n o -
precipitation)*

1 (12) 0 380 (135-2005) 11 (0-17)
2 (12) 1 478 (241-1490) 17 (0-22)
3 (12) 10 422 (164-2080) 25 (2-29)
4 (12) 100 386 (105-1580) 37 (9-43)a

5 (12) 1000 481 (127-1610) 56 (11-81)b

*P<0.01 in  Kruskal -Wal l i s  tes t .  aP<0.05,  bP<0.01
compared  wi th  g roups  1 -3 .
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Fig. 1 : Confocal laser scanning fluorescent images of human endometrial cells showing immunocytochemical localization
of VEGF-A protein detected with anti-VEGF polyclonal antibody (A-D, Alexa Fluor 633) and binding of
biotinylated hCG (N-R, Alexa Fluor 488). Cells in parallel cultures were exposed to medium without hCG (A)
or with 1000 IU/ml hCG (B). Immunoreactive VEGF is detected in cells of gland-like structure (C) and cell
nucleus (D). E, control immunohistochemistry of cultured endometrial cells following incubation in medium
lacking primary antibody for VEGF. Both epithelial (F-I) and stromal (J-M) cells cultured on collagen matrix
and counterstained with nuclear dye DAPI (F, J) showing immunopositivity for specific markers cytokeratin
(G) and vimentin (K), respectively and for VEGF (H, L) as well. Overlaid images (I, M) depict colocalization
of these proteins. Endometrial cells show binding with biotinylated rhbCG (N-R) after 10 min (N) and 16 h
(O) along with detectable events of ligand patching, capping and internalization (P, Q). Heat inactivated rhbCG
fails to bind to the cells (R). Bars = 15 µm (D, P and Q), 40 µm (A-M and N, O, R).
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ce l l s  showed de tec tab le  b ind ing  of
biot inyla ted  hCG as  ear ly  as  10 min (Fig .
1N) and it  increased (P<0.01) progressively
wi th  t ime  resu l t ing  in  about  80% ce l l s
binding rhbCG after  16 h (Fig.  1O).  While
such  b ind ing  was  no t  seen  in  b ind ing
experiment with heat-inactivated rhbCG (Fig.
1R), binding of pure hCG molecule showed
typical patching, capping and internalization
events  in  the  mid- luteal  phase  endometr ia l
cells in culture (Fig. 1P,Q).

DISCUSSION

There  has  been  subs tant ia l  ev idence  to
suppor t  the  idea  tha t  u te r ine  endomet r ia l
cells of various mammalian origin including
human can  b ind  human chor ion ic
gonadot rop in  (hCG)  (31–34) .  I t  has  been
sugges ted  tha t  hCG may in f luence  the

phys io logy  of  implan ta t ion  s tage
endomet r ium (6 ,  35) .  For  example ,
in t rau te r ine  in fus ion  of  hCG can  enhance
VEGF secre t ion  dur ing  lu tea l  phase  (10) .
Fur thermore ,  a  l a rge  number  (~60)  o f
endomet r ia l  genes  have  been  shown to  be
differentially expressed in implantation stage
endometr ium of  the  baboon in  presence of
hCG (35) .  Collect ively,  i t  appears  that  CG
may then  in f luence  bo th  endomet r ia l
vaso t rop ic  and  vec tor ia l  embryotop ic
functions towards implantation (6, 35). It has
also been reported that VEGF expression in
human endomet r ia l  s t romal  ce l l s  was
inf luenced by hCG in  pr imary ce l l  cul ture
(36).  Yet,  our knowledge about hCG action
on VEGF in endometrial  cells  is  very thin,
and  phys io log ica l  s ign i f icance  of  above-
ment ioned  observa t ions  in  re fe rence  to
blastocyst implantation is unclear for several
reasons. Typically, physiology of endometrial
stromal cells in absence of epithelial cells is
d i scern ib ly  d i f fe ren t  in  implan ta t ion  s tage
endomet r ium (37 ,  38) .  Fur thermore ,
f ibroblasts  cul tured on plast ic  surface tend
to  loose  phys io log ica l  po la r i ty  and
differentiat ion (39).  Especial ly,  endometrial
s t romal  ce l l s  in  such  condi t ion  tend  to
become epi theloid in  morphology (40,  41) .
Results from the previous study (36) wherein
human endometr ia l  samples  were  col lec ted
from all phases of menstrual cycle and data
related to VEGF synthesis  and secret ion in
response  to  hCG were  pooled  cannot  g ive
any meaningful idea about the behaviour of
implantation stage endometrium in response
to hCG. Also, there is an uncertainity about
the relevance of the amount of hCG used in
previous s tudies ,  v is-à-vis ,  embryo der ived
hCG in the process of implantation (35, 42).
Taken together, we proposed to examine the
effect  of different concentrations (0,  1,  10,

Fig. 2 : Western immunoblot profi les for VEGF-A in
cell  culture supernatant condit ioned by
endometrial  cells  treated with medium
containing no hCG (lane 1) and 1000 IU/ml
(lane 2).  Three dist inct  bands corresponding
to 46 kDa, 30 kDa and 14.3 kDa are seen.
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100 and 1000 IU per ml medium) of hCG on
VEGF express ion  and  secre t ion  by
endometr ia l  cel ls  re t r ieved from mid-luteal
phase  and mainta ined  in  three-d imensional
primary co-culture on rat- tai l  collagen type
I  b iomat r ix .  We a l so  microscopica l ly
examined hCG binding to endometrial  cel ls
in  the above system.

In  the  present  s tudy ,  we  observed  tha t
both epithelial  cells  and stromal fibroblasts
f rom mid- lu tea l  phase  endomet r ium could
bind hCG and number of cells binding hCG
increased steadily with time. While the fact
that human endometrial cells can bind hCG,
as discussed above, is not novel, we observed
tha t  hCG enhanced  VEGF immunoreac t ive
pro te in  express ion  in  bo th  ep i the l ia l  and
stromal cells retrieved from mid-luteal phase
and co-cul tured in a  three-dimensional  cel l
cu l tu re  sys tem.  In  a  p rev ious  s tudy  (36) ,
human endometr ia l  s t romal  ce l l s  recovered
irrespect ive of  any specif ic  phase of  cycle
and  cu l tured  on  poly- lys ine  coa ted  p las t ic
sur face  showed b iphas ic  e f fec t  on  VEGF
express ion in  response  to  hCG: number  of
cel ls  showing cel lular  expression of  VEGF
increased fol lowing t reatment  with a  lower
dose (2,500 ng/ml) of  hCG, and no change
wi th  h igher  dose  (20 ,000  ng /ml  )  o f  hCG
compared  wi th  con t ro l  t rea tment .  On the
other hand, VEGF secretion at both doses of
hCG did not show any change compared with
control treatment (36). In the present study,
however ,  number  o f  mid- lu tea l  phase
endomet r ia l  ce l l s  showing  immunoreac t ive
VEGF protein increased in a dose dependent
manner  wi th  no  marked  change  in  VEGF
secre t ion  wi th  d i f fe ren t  concen t ra t ions  o f
hCG in  the  th ree-d imens iona l  p r imary  co-
culture system. I t  appears  that  hCG indeed
enhances VEGF synthesis in mid-luteal phase

endometr ia l  ce l ls ,  f inal  secre t ion of  VEGF
from mid- lu tea l  phase  endometr ia l  ce l l s  i s
possibly dependent upon other factors.  It  is
in te res t ing  to  no te  tha t  121  amino  ac id
isoform of VEGF-A (14.3 K) was marginally
higher in secretion following hCG treatment
compared  wi th  con t ro l  desp i te  no  marked
change in overal l  secret ion.  I t  is  general ly
known tha t  VEGF-A

121
 l acks  p roduc ts  o f

exons  6  and  7  and  there fore  i s  read i ly
secreted, while it  possesses product of exon
8 that is involved in angiogenesis (43). The
physiological significance of this observation
in  re fe rence  to  the  implan ta t ion  s tage
endomet r ium i s  on ly  specu la t ive .
Col lec t ive ly ,  i t  appears  tha t  hCG may
influence VEGF protein synthesis in human
mid-luteal phase endometrium, but has little
e f fec t  on  i t s  secre t ion .  S ince  VEGF i s  an
ex t remely  po ten t  vaso t rop ic  agen t  in
endometrium, i t  requires fine regulation for
phys io logica l  homeos tas i s  a round the  t ime
of  b las tocys t  implan ta t ion  (44) .  In  th i s
connect ion,  the  observat ion that  mid- luteal
phase  endomet r ia l  ce l l s  a re  VEGF-ready
under  the  in f luence  of  a  po ten t ia l
implantation-stage embryo-derived factor like
hCG, however ,  wi th  no overal l  increase in
VEGF secret ion appears  int r iguing.

In te res t ing ly ,  we  observed  nuc lear
loca l iza t ion  of  VEGF pro te in  in  a  subse t
of  endomet r ia l  ce l l s  in  the  p resen t
exper imenta l  model .  The  phenomenon of
nuclear localization of VEGF has previously
been observed in a  variety of  experimental
s i tua t ions  by  o ther  inves t iga tors ,  however ,
i t s  b io log ica l  impl ica t ion  i s  p r imar i ly
speculat ive in nature at  present  (45,  46).

Our observation that  VEGF synthesis in
endomet r ia l  ce l l s  inc reased  a t  a  c r i t i ca l
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concentration of hCG is intriguing. It is now
wel l  known tha t  s tage-age  synchronized
viable embryos secrete higher hCG compared
wi th  desynchronized  and  ‘compromised’
embryos (47).  I t  is  then possible that  mid-
lu tea l  phase  endomet r ia l  ce l l s  possess  a
c r i t i ca l  th resho ld  fo r  hCG respons ive
elements that gives a default  discrimination
signal to the tissue about the state and stage
of embryo growth. However,  further studies
are  needed  to  explore  th i s  concept  and  to
del ineate relat ive tasks of  mid-luteal  phase
endometr ia l  epi thel ia l  and s t romal  ce l l s  in
this  process .
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