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Abstract :  Leukemia inhibitory factor (LIF) is a pleiotropic cytokine that
is known to play an important role in blastocyst implantation. The putative
action of LIF in the regulation of uterine function has been examined using
mid-secretory stage monkey endometrial  s tromal cells  cultured on rat- tai l
co l l agen  type  I  and  t r ea ted  wi th  r ecombinan t  human  LIF  ( rhLIF)  o r
immunoneu t ra l i zed  LIF  ( in LIF)  under  se rum-f ree  cond i t ion .  Long- te rm
ovar iec tomized  rhesus  monkeys  (n=8)  underwent  s imula t ion  o f  the i r
mens t rua l  cyc les  wi th  s te ro id  hormones  and  endometr ia l  t i s sue  samples
were collected on cycle day 18; stromal cells were isolated and grown in
primary culture on three-dimensional collagen matrix.   Significant decline
in cellular protein synthesis (P<0.01) and cell proliferation index (P<0.05)
was observed in cells with increasing doses (0–1000 ng/ml) of rhLIF under
serum-free in vitro condition. JAK1 expression in cultured cells increased
(P<0.01) in response to rhLIF as revealed from Western blot and confocal
laser  scanning microscopic  examinat ion,  STAT1 and STAT2 express ions
were unchanged, while pSTAT3 expression increased (P<0.01) with increased
concentration of rhLIF in culture medium. Autophosphorylation of JAK1 in
endometrial  stromal cells showed no change with increasing concentration
(0.01 to 100 ng/ml) of rhLIF in vitro, but significant (P<0.05) increase was
observed with the time of exposure to rhLIF. Immunoneutralization of LIF
or no addition of rhLIF to cultured cells led to significant (P<0.01) increase
in stromal cell proliferation index and significant (P<0.01) decrease in the
level of JAK1 and its autophosphorylation as compared to cells exposed to
rhLIF alone. From the present set of experiments we conclude that rhLIF
af fec t s  the  phys io log ica l  behav iour  o f  monkey  mid  sec re to ry  s t age
endometrial  stromal cells  in vi tro  via the JAK-STAT signaling pathway.
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INTRODUCTION

Leukemia  inh ib i to ry  fac tor  (LIF)  i s  a
pleiotropic cytokine. It appears from several
l ines  of  evidence that  LIF plays  important
role in the process of blastocyst implantation
in  the  pr imate  (1 ,  2 ) .  In  the  human
endomet r ium,  express ion  of  LIF  reaches
maximal  leve ls  dur ing  the  secre tory  phase
and  i s  dependent  upon  proges te rone
dominance ,  h ighes t  amount  be ing  secre ted
by the  glandular  compartment  (3–7) .  Laird
et al (8) observed a gradual increase of LIF
in uterine luminal fluid during days 7 to 12
after LH peak in proven fertile women, that
was not  found in  women with  unexplained
infertility. Blockade of progesterone receptor
action by high affinity progesterone receptor
an tagonis t  l ike  mi fepr i s tone  inh ib i t s
endometr ia l  matura t ion  and  recept iv i ty  for
blastocyst implantation along with repressed
mid-luteal  phase endometrial  expression for
LIF (3, 9). Furthermore, a functional role of
LIF  in  b las tocys t  implan ta t ion  has  been
proposed based on the evidence that failure
of  implanta t ion occurs  af ter  adminis t ra t ion
of polyclonal antibody against LIF (anti-LIF
Pab)  o r  monoclona l  an t ibody  aga ins t  LIF
(an t i -LIF  Mab)  in  the  u te rus  o f  monkeys
during the peri- implantation stage (10,  11).
Endomet r ia l  t i s sues  f rom infe r t i l e  women
produced  less  LIF  in  v i t ro  compared  wi th
tha t  f rom fe r t i l e  women (12) .  Disc re te
mutation in LIF gene has been shown to be
assoc ia ted  wi th  in fe r t i l i ty  in  women (13) .
Col lec t ive ly ,  i t  appears  tha t  implan ta t ion
s tage  endomet r ia l  LIF  may in f luence
b las tocys t  implan ta t ion  th rough  au tocr ine-
paracr ine  in teract ion (14) .  Al though i t  has
been indicated that LIF may act on different
cell types via Janus kinase (JAK) and signal
t ransducer  and  ac t iva t ion  of  t ranscr ip t ion

(STAT)  s igna l ing  sys tem (15–17) ,  i t  i s
however  not  c lear  how LIF may inf luence
the cellular physiology of mid-secretory phase
endometr ium in the pr imate .  We have now
examined the action of LIF in terms of cell
p ro l i fe ra t ion ,  p ro te in  syn thes i s  and
secre t ion ,  and  JAK s igna l ing  sys tem in
endometrial stromal cells obtained from long-
te rm ovar iec tomized ,  hormone-s imula ted
rhesus monkeys in the mid-secretory phase,
and  main ta ined  in  a  th ree-d imens iona l
primary cul ture on rat- tai l  col lagen type I .
We have earl ier  demonstrated that  a  three-
d imens iona l  p r imary  cu l tu re  sys tem as
employed  in  the  p resen t  s tudy  prov ides  a
phys io log ica l  p la t fo rm for  inves t iga t ing
cellular behaviour of mammalian endometrial
cells (18–21).

MATERIALS AND METHODS

Animals  and  samples

Adul t ,  hea l thy  female  rhesus  monkeys
(Macaca mulatta) were housed in the Primate
Research Facil i ty of  the All  India Inst i tute
of  Medica l  Sc iences .  E igh t  monkeys  were
b i la te ra l ly  ovar iec tomized  under  asep t ic
conditions as has been previously described
(22)  and  used  in  the  p resen t  s tudy  a f te r
90  days  o f  recovery  per iod .  This  s tudy
was  per formed wi th  the  approva l  o f  the
Ethics Committee for the Biomedical Use of
Non-Human Pr imates  o f  the  Al l  Ind ia
Ins t i tu te  o f  Medica l  Sc iences .  Long- te rm
ovariectomized rhesus  monkeys (n=8)  were
subjec ted  to  hormone  t rea tment  fo r
s imula t ion  of  the i r  mens t rua l  cyc les
according to a procedure described previously
(22) .  In  the  th i rd  s imula ted  cyc le ,
endomet r ia l  t i s sue  samples  were  ob ta ined
through laparotomy on cycle day 18 following
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a  s tandard  procedure  descr ibed  e l sewhere
(22 ,  23) .  Each  an imal  was  used  a t  l eas t
th ree  t imes  fo r  t i s sue  co l lec t ion  a f te r
giving three rest  cycles between successive
surgeries. Immediately after tissue collection
endometr ia l  t issue samples  were washed in
ice-cold phosphate buffered saline (PBS) at
pH 7.6, carefully minced on ice and enzyme
digested wi th  col lagenase  for  the  isola t ion
of  ce l l s  and  s t romal  f ib rob las t s  were
separa ted  on  a  perco l l  g rad ien t .  The
procedural details have been given elsewhere
(20 ,  21 ,  24) .  The  es t imated  mean  of  ce l l
viability in dye exclusion method was more
than 90%, and that  of cell  puri ty was 97%
based on immunocytochemical localization of
vimentin in isolated cel ls .

Cel l  cu l ture

I so la ted  monkey  endomet r ia l  s t romal
ce l l - r i ch  p repara t ion  (4–5 × 10 5.cm – 2)  were
plated onto preformed rat-tail  collegen type
I  gel  matr ix in 96-well  f lat  bot tom culture
wel l s  and  cu l tu red  in  DMEM-F12 (1 :1)
medium conta in ing  5% fe ta l  ca l f  serum a t
37°C in  a  humid i f ied  5% carbon  d iox ide
incuba t ion  chamber .  The  de ta i l s  o f
prepara t ion  of  ra t - t a i l  type  I  co l lagen  ge l
mat r ix  and  pr imary  cu l tu re  on  co l lagen
matr ix  have  been  g iven  e l sewhere  (18–21,
24) .  Af te r  48  h ,  ce l l s  were  washed  and
cultured in serum-free,  DMEM-F12 medium
supplemented with insulin (1 g/l), transferrin
(0 .5  g / l ) ,  se len ium (0 .67  mg/ l )  and
hydroxycor t i cos te rone  (50  µg/ml)  fo r  a
fur ther  per iod  of  24  h  and  used  for  the
following experiments. The chemicals for cell
culture were obtained from Sigma Chemical
Co. (St. Louis, Missouri, USA), GIBCO (Grand
Is land ,  New York ,  USA)  and  Inv i t rogen
(Grand Island, New York, USA).

Prote in  synthes i s  by  i so la ted  endometr ia l
s tromal  ce l l s  in  v i t ro

The  cu l tu red  endomet r ia l  s t romal  ce l l s
were  sub jec ted  to  t rea tment  wi th  rhLIF
(R&D Sys tems ,  Minneapol i s ,  USA)  a t
concentrations of 0, 0.01, 0.1, 1.0, 10.0, 100,
and  1000  ng /ml  for  18  h  in  meth ion ine-
f ree  DMEM-F12 medium conta in ing  35S -
meth ionine  (10  mCi /ml ,  BRIT,  Hyderabad ,
India)  and media  supplements  as  descr ibed
above .  Ce l lu la r  p ro te in  syn thes i s  and
secre t ion  was  assessed  in  ce l l  lysa tes  and
in  spen t  media  f rom 35S-meth ion ine
incorpora ted  pro te ins  p rec ip i ta ted  by
trichloroacetic acid following a method given
elsewhere (24).

Cel l  pro l i f erat ion  in  v i t ro

The  cu l tu red  endomet r ia l  s t romal  ce l l s
were  subjec ted  to  t rea tment  wi th  rhLIF a t
concentrations of 0, 0.01, 0.1, 1 and 100 ng/
ml for 18 h in DMEM-F12 medium containing
media supplements as described above.  The
effect of different doses of rhLIF on monkey
endomet r ia l  s t romal  ce l l  p ro l i fe ra t ion  was
studied from incorporation of BrdU by cells
grown in  v i tro  using the Cel l  Prol i ferat ion
ELISA-BrdU Ki t  (Roche ,  Mannheim,
Germany)  as  per  the  pro tocol  provided  by
the  manufacturer  (25) .

Intrace l lu lar  s igna l ing

Endometrial stromal cells grown in vitro
were exposed for 15 min to rhLIF at different
concen t ra t ions  as  shown in  the  Resu l t s
sect ion.  Each experiment was repeated f ive
t imes  each  in  t r ip l i ca te .  Ce l l  lysa tes
containing 20 µg of protein from each group
were subjected to 12% SDS-PAGE followed



358 Ghosh  et   al Indian J Physiol  Pharmacol 2006; 50(4)

min or to 1 ng/ml rhLIF alone for  varying
t ime  per iods  (0 ,  5 ,  10  and  15  min)  as
described by Kodama et al (29). At the end
of the experiment,  cells were lysed in lysis
buffer  containing Tris-HCl (20 mmol/ l ,  pH
7.4), NaCl (100 mmol/l),  EDTA (5 mmol/l),
Triton X-100 (1%, v/v), glycerol (10%, v/v),
SDS (0.1%, w/v), deoxycholic acid (1%, w/v),
NaF (50 mmol/l), phenylmethylsulphonylflouride
(1  mmol / l ) ,  l eupept in  (10  mg/ml)  and
apro t in in  (10  mg/ml) ,  and  JAK1 was
immunoprec ip i ta ted  us ing  an t i - JAK1
ant ibody .  The  immunoprec ip i ta te  was
isolated using protein G (Roche, Mannheim,
Germany).  The autophosphorylat ion act ivi ty
of  JAK1 was  assayed  by  incuba t ing
immunoprecipitates with γ-32P-ATP (10 µCi;
BRIT, Hyderabad, India) in trizma base (25
mmol/l), NaCl (140 mmol/l), MnCl

2 
(5 mmol/

l), glycerol (10%, v/v) and ATP (20 mmol/l)
for 20 min. After adding sample buffer and
heat ing  i t  a t  95°C for  5  min ,  the  samples
were subjected to  12% SDS-PAGE and the
gels  were  exposed to  phosphor  screen and
scanned  us ing  phosphor  imager  (Bio-Rad
Laboratories,  Hercules,  CA, USA).

Immunoneutra l i zed  LIF on  endometr ia l
s tromal  ce l l  funct ions  in  v i t ro

Neutralization of rhLIF was done by pre-
incubating rhLIF (1 ng/ml) with rhLIF-Mab
(1 mg/ml) at  37°C for 60 min.  In order to
study the action of immunoneutralized rhLIF
( inLIF)  on  endomet r ia l  s t romal  ce l l
functions, cells were exposed either to rhLIF
(1 ng/ml) or to inLIF complex for 15 min,
and control group of cells were not exposed
to  e i ther  rhLIF  or  inLIF .  The  express ion
levels of JAK1, autophosphorylation of JAK1
and cel l  prol i fera t ion index in  endometr ia l
cells cultured in vitro  were examined using
the methodologies as described above.

by Western immunoblots (26, 27) for JAK1,
STAT1, STAT2, STAT3 and pSTATs1-3 using
the i r  respec t ive  po lyc lona l  an t i -human
ant ibodies  ob ta ined  f rom Santa  Cruz
Biotechnology, Inc. (Santa Cruz, California,
USA)  and  Uni ted  Bio technology ,  Inc .
(Lake Placid,  New York,  USA).  The bands
were  v i sua l ized  us ing  Vec tas ta in  ABC
immunoperoxidase ki t  (Vector  Laboratories,
Bur l ingame,  Ca l i fo rn ia ,  USA)  and
diaminobenzidine tetrahydrochloride (Sigma).
Semi-quantitative analysis of the bands were
done  us ing  ge l  scanner  (GS670,  Bio-Rad
laboratories ,  Hercules,  California,  USA).

To study the specific cellular localization
of  JAK1 in  endomet r ia l  ce l l s  exposed  to
different  doses  of  rhLIF (0 ,  1 ,  100 ng/ml)
endometr ia l  s t romal  cel ls  were  cul tured on
collagen coated Lab-Tek chamber using the
cel l  cul ture protocol  as  has been described
above.  Cells  were exposed to rhLIF for  15
min and then fixed in cold paraformaldehyde
(4%,  w/v)  for  15  min ,  permeabi l ized  wi th
Tr i ton  X-100 ,  and  immunos ta ined  us ing
ant i - JAK1 an t ibody  (1 :200 ,  San ta  Cruz
Biotechnology, Inc. ,  Santa Cruz, California,
USA)  for  1  h  a t  37°C.  Visua l iza t ion  was
performed using Texas-Red conjugated with
goa t–an t i rabb i t  IgG,  nuc le i  counte rs ta ined
with  DAPI ( Invi t rogen,  Grand Is land,  New
York,  USA),  and cel ls  were then examined
under  confoca l  l ase r  scanning  microscope
(Leica TCS SP2 with inverted Leica DMRE 2
microscope) (28).

Autophosphory la t ion  o f  JAK1

Autophosphory la t ion  of  JAK1 in
endomet r ia l  s t romal  ce l l s  was  s tud ied  by
expos ing  ce l l s  g rown in  v i t ro  to  d i f fe ren t
doses of rhLIF (0, 1, 10 or 100 ng/ml) for 15
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S t a t i s t i c s

Comparisons between groups for different
parameters  were  per formed us ing  ana lys i s
of variance (ANOVA) followed by multiple
range test (30) using SPSS software. Values
are  shown as  means ± SD.

RESULTS

Prote in  synthes i s

Effect of different doses of rhLIF exposure
on  pro te in  syn thes i s  and  secre t ion  by
monkey endometrial  s t romal cel ls  is  shown
in  F igure  1A.  Increas ing  concen t ra t ion  of
rhLIF  in  v i t ro  r e su l ted  in  a  s ign i f ican t
(P<0 .01)  decrease  in  ce l lu la r  p ro te in
syn thes i s  in  i so la ted  ce l l s  bu t  wi th  no
marked  change  among groups  t rea ted  wi th
different concentration of rhLIF. There was
no  d i scern ib le  change  in  the  l eve l s  o f
secretory proteins in stromal cells grown in
media with or  without  added rhLIF.

Cel l  pro l i f erat ion

As shown in Figure 1B, with increasing
concentration of rhLIF in vitro a progressive
decrease (P<0.05) in cell proliferation index
was obtained based on pooled data analysis.
Signif icant  (P<0.01) decrease was observed
in cell proliferation indices in cells exposed
to  1  and  100  ng /ml  rhLIF  compared  wi th
cont ro l  (no  rhLIF)  and  0 .01  ng /ml  rhLIF
trea ted  ce l ls .

JAK-STAT s igna l ing

The  express ion  of  JAK1 was  no t
de tec tab le  in  i so la ted  ce l l s  main ta ined  i n

v i t ro  in  the  absence  of  rhLIF ,  bu t  i t s
expression was found to increase in response
to rhLIF added to cells in vitro  as revealed
from Western blot and confocal microscopic
examina t ion  (F ig .  2 ) .  Autophosphory la t ion
of  JAK1 in  endomet r ia l  s t romal  ce l l s  in
cu l tu re  showed no  change  wi th  increas ing
concent ra t ion  of  rhLIF  (F igs .  3A,  B) ,
however ,  ce l l s  showed increased  (P<0 .05)
au tophosphory la t ion  wi th  t ime  of  the i r
exposure  to  rhLIF  (F igs .  3C,  D) .  STAT1,

Fig .  1 : Effect of different doses of rhLIF on de novo
pro te in  syn thes i s  and  sec re t ion  expressed  in
te rms  o f  35S -meth ion ine  incorpora t ion  in
prec ip i t ab le  p ro te in  f rac t ion  (A)  and  ce l l
p ro l i f e ra t ion  index  expressed  as  pe r  cen t
BrdU pos i t ive  ce l l s  (B) .  Endomet r i a l  ce l l s
showed  dec reas ing  t r end  in  the  ce l lu la r
prote in  synthesis  (black bar )  wi th  no change
in  the  sec re to ry  p ro te in  (whi te  bar )  among
different  groups (A).  Cel l  prol i ferat ion index
assessed  by  BrdU incorpora t ion  showed  a
progress ive  dec rease  wi th  inc reas ing
concen t ra t ion  o f  LIF  (B) .  Va lues  a re  shown
as  means ± SD.  **P<0.01 ,  *P<0.05  compared
wi th  con t ro l .
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Fig. 2 : JAK1 expression as detected in Western
immunoblot (A, B) and confocal laser scanning
microscopy (C) in endometrial cells exposed to
rhLIF at the concentrations of 0 [lane 1 in A and
C(i)], 1 ng/ml  [lane 2 in A and C(ii)], and 10 ng/
ml [lane 3 in A and C(iii)] in vitro. Fig. C
shows nuclei stained with DAPI (blue) and
immunopositive JAK1 (red) in isolated endometrial
stromal cells in three-dimensional primary culture.
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Fig .  3 : Ef fec t s  o f  d i f fe ren t  doses  (A,  B)  and  t ime
per iods  o f  exposure  (C ,  D)  to  rhLIF  on
autophosphorylation of JAK1 in endometrial
ce l l s  g rown in  v i t ro .  Response  va lues  a re
shown in  normal ized  sca le  based  on
in tegra ted  op t i ca l  dens i ty  and  shown as
means ± SD.  *P<0 .05  compared  wi th  va lues
a t  0  and  5  min .
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Fig. 4 : Pooled data from Western immunoblot analysis
for STAT1 (white bar),  STAT2 (specked bar) ,
and pSTAT3 (stripped bar )  in isolated
endometrial  s t romal  cells  following exposure
to different doses of rhLIF. Data are shown in
normalized scale based on integrated optical
density and as means ± SD. **P<0.01, *P<0.05
compared with control  (0 ng/ml rhLIF)
t r e a t m e n t .
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d i f fe ren t  doses  o f  rhLIF ,  whi le  pSTAT3
expression increased (P<0.01) with increased
concent ra t ion  of  rhLIF  in  ce l l  cu l tu re
medium (Fig.  4).

Effec t  o f  immunoneutra l i zed  rhLIF ( inLIF)  on
express ion  and  autophosphory la t ion  o f  JAK1
and ce l l  pro l i f erat ion  index

The  express ion ,  and  leve l  o f
au tophosphory la t ion  of  JAK1 s ign i f ican t ly
(P<0.01)  decreased  in  ce l l s  fo l lowing
treatment with inLIF or no rhLIF compared
with cells treated with rhLIF (Figs. 5A, B).
However, cell proliferation index as examined
by BrdU incorporat ion showed an increase
(P<0.01)  in  cel ls  exposed to  ei ther  control
(no rhLIF) or  inLIF treatment as  compared

to cells exposed to rhLIF alone (Fig. 5C).

DISCUSSION

There are several reports indicating that
leukemia  inh ib i to ry  fac tor  (LIF)  i s  an
important regulator of endometrial  function,
espec ia l ly  assoc ia ted  wi th  b las tocys t
implan ta t ion  (1–9 ,  31–33) .  In t rau te r ine
adminis t ra t ion  of  an t ibody  to  l eukemia
inh ib i to ry  fac tor  (LIF)  in  monkeys  dur ing
per i - implan ta t ion  per iod  resu l ted  in
inhib i t ion  of  pregnancy  es tab l i shment  (10 ,
11). It  has been suggested that luminal LIF
der ived  f rom implanta t ion  s tage  b las tocys t
and  endomet r ia l  ep i the l ium ac t s  on
endomet r ia l  ce l l s  under  p roges te rone
dominance allowing endometrium to become
receptive (14). Several reports have indicated
the  s ign i f ican t  invo lvement  o f  LIF  a t  the
endometrial  epithelial  level (10, 34–36).  To
our knowledge, there is no report indicating
the  ac t ion  of  LIF  on  the  b io log ica l
charac te r i s t i cs  o f  implan ta t ion  s tage

Fig .  5 : Ef fec t s  o f  rhLIF  (1  ng /ml )  and
immunoneu t ra l i zed  rhLIF  ( inLIF)  on
express ion  (A)  and  autphosphoryla t ion  leve l
(B)  o f  JAK1 and  p ro l i f e ra t ion  index  as
seen  by  BrdU (C)  in  i so la ted  endomet r i a l
s t romal  ce l l s  in  th ree -d imens iona l  p r imary
cu l tu re .  Va lues  a re  shown as  means ± SD.
The  do t t ed  l ines  show con t ro l  (no  rhLIF)
v a l u e s .
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STAT2 and pSTAT3 in isolated cells in vitro
were  de tec ted  by  Wes te rn  immunoblo t ,
however, pSTAT1, pSTAT2 and STAT3 could
not  be  de tec ted .  There  was  no  change  in
express ion  of  STAT1 and  STAT2 wi th

GroupGroupGroup
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Fig. 6 : Proposed model of action of leukemia inhibitory factor (LIF) on mid secretory stage endometrial stromal
cells  in three-dimensional culture.  In serum-free three-dimensional culture system, progesterone primed
stromal cells express heterodimeric receptor molecules for LIF linked with cryptic JAK1/STAT3 signaling
complex (step 1). Following binding with LIF, receptor molecules are activated (step 2) allowing activation
of JAK1 molecules shown as a small black asterisk (step 3). The activation of JAK1 allows for increasing
autophosphorylation along with change in naïve configuration.  Such ‘open’ activated JAK1 molecules
expose higher number of immunopositive domains shown as a large black asterisk (steps 4, 5). Activated
JAK1 allows for phosphorylation of STAT3 molecules shown as white asterisks (steps 4–6), and dimerised
pSTAT3 becomes free (step 7) that  translocates to the nuclear compartment (step 8).  Subsequent
transcriptional activit ies may, on one hand, repress signaling networks at  JAK-STAT level involving
SOCS and other inhibitory peptides (step 9),  and on the other hand, express specific sets of cellular
behaviour (step 10). Our data suggest that LIF may help to suppress cell cycle and support cell survival
processes in mid secretory stage stromal cells .
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endometr ia l  s t romal  ce l ls  in  the  pr imate .

In the present study, isolated stromal cell
r i ch  (97%)  f rac t ion  ob ta ined  f rom mid
secre tory  s tage  monkey  endomet r ium was
mainta ined  on  ra t - ta i l  co l lagen  matr ix  and
ef fec ts  of  recombinant  human LIF ( rhLIF)
and  immunonet ra l i zed  rhLIF  on  ce l lu la r
de novo  protein synthesis,  cell  proliferation
and  the  JAK-STATs were  examined .
We observed  tha t  admin is t ra t ion  of  LIF
reduced ce l lu lar  prote in  synthes is  and ce l l
p ro l i fe ra t ion  a long  wi th  h igher  l eve l  o f
immunopos i t ive  JAK1 express ion ,  i t s
phosphorylation and immunopositive pSTAT3
compared with control (no rhLIF) treatment.
However, no marked dose dependent property
could be detected in these parameters except
for  the  leve l  o f  immunopos i t ive  JAK1.
In te res t ing ly ,  immunoneut ra l i zed  LIF  d id
not  show any  change  in  the  express ion
leve l  o f  immunopos i t ive  JAK1 and  i t s
phopsphoryla t ion ,  as  wel l  as ,  p ro l i fe ra t ion
index  as  compared  to  con t ro l  t rea tment
va lues .  Al though  s imi la r  repor t  i s  no t
available for implantation stage endometrial
stromal cells, previous studies have indicated
the  pu ta t ive  involvement  o f  LIF-LIFRβ-
JAK1-STAT3 networks  in  d iverse  types  of
mammal ian  ce l l s  (15–17,  37–39) ,  and  tha t
such  ne tworks  may  be  opera t ive  in  the
process  of  growth inhibi t ion in  a  few cel l
types (37, 40, 41). Figure 6 shows a tentative
model  o f  LIF  ac t ion  in  s t romal  ce l l s  o f
receptive stage endometrium in the primate.

Collectively, it appears that rhLIF affects
the  JAK-STAT signal ing pathway resul t ing
in  change  in  phys io log ica l  behaviour  o f
mid-secre tory  s tage  endomet r ia l  s t romal
ce l l s  g rown in  th ree-d imens iona l  cu l tu re
on  ra t - t a i l  co l lagen  mat r ix  and  tha t

immunoneut ra l iza t ion  of  LIF  led  to  i t s
inh ib i t ion .  Whi le  the  overa l l  observa t ion
from the present study does provide putative
c lues  how in t rau te r ine  admin is t ra t ion  of
an t ibody  to  LIF  might  have  resu l ted  in
inhib i t ion  of  pregnancy  es tab l i shment  (10 ,
11), there are a few relevant and interesting
proximate  and ul t imate  ques t ions  tha t  a lso
e m e r g e .

In studies using a variety of cell types it
i s  ev iden t  tha t  LIF  can  increase  the
autophosphorylat ion level  of  JAK1 (16,  27,
42–45).  We have also demonstrated similar
increase in autophosphorylation of JAK1 in
a t imed manner following exposure of mid-
secretory stage stromal cells to LIF and this
action was blocked by immunoneutralization
of  LIF .  However ,  i t  i s  no t  c lea r  how the
immunopositive level of total JAK1 increased
from non-detectable level to fairly detectable
level  within 15 min after  administrat ion of
LIF  to  s t romal  ce l l s  main ta ined  under
serum-free  cul ture  condi t ion .  In teres t ingly ,
immunof luorescent  confocal  laser  scanning
microscopy  in  the  p resen t  s tudy  revea led
(Fig. 2C) that prompt ‘capped’ orientation of
immunoposit ive JAK1 molecules took place
in cells treated with higher dose (10 ng/ml)
of rhLIF compared with lower dose (1 ng/ml)
of  rhLIF  t rea tment  though  the  to ta l
opt ica l  densi t ies  d id  not  show any marked
shift. It is being suggested that JAK1 remains
in  a  c ryp t ic  conf igura t ion  l inked  wi th  the
recep tor  molecu le  complex  for  LIF  in  the
absence  of  ups t ream ac t iva t ing  agen t  in
ta rge t  ce l l s  under  se rum-f ree  cu l tu re
condition (46). Administration of LIF results
in  the  ac t iva t ion  of  JAK1 assoc ia ted  wi th
induc t ion  of  ‘open’  conf igura t ion  and
cascade  of  au tophosphory la t ion  of  the
kinase molecule (Fig. 6). Further studies are
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currently being done to test this hypothesis.

We have also observed that LIF induced
JAK1 signaling in endometrial stromal cells
was  assoc ia ted  wi th  phosphory la t ion  of
STAT3.  I t  i s  however  no tewor thy  tha t  we
could  not  de tec t  unphosphoryla ted  STAT3,
while STAT1 and STAT2 could be detected
in  the  t a rge t  ce l l s  in  p r imary  cu l tu re
irrespective of whether such cells were treated
with LIF. Further studies may help to clarify
whether  such differences actual ly  represent
a biological behaviour or it was caused from
any technical  insufficiency.

In the present  s tudy,  we have observed
changes  in  pro l i fe ra t ion  index  and  pro te in
synthes i s ,  bu t  wi th  no  marked  dose
dependent action in cells exposed to LIF. It
is tempting to allude that such refractoriness
of  the  t a rge t  ce l l s  might  be  l inked  wi th
pSTAT3 mediated activation of suppressor of
cytokine signaling (SOCS) proteins (45, 47–
49). Further experiments are to be performed

us ing  spec i f ic  STAT3 inh ib i to r  and  SOCS
inhibi tors  to  address  this  quest ion.

Al though  we  d id  no t  inves t iga te  the
te leonomy of  observed cel l  behaviour  wi th
specific reference to endometrial receptivity,
Naka j ima  e t  a l  (50)  sugges ted  tha t  LIF
suppor t s  the  ce l l  su rv iva l  s igna l s  fo r
endometr ia l  s t romal  ce l l s  and may thereby
pro tec t  the  ce l l s  f rom t rauma assoc ia ted
with  blas tocyst  implantat ion.
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