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Abstract  :  T ime-synchronous  deve lopment  o f  endomet r ium and  embryo
under adequate progesterone dominance is considered integral to the process
of blastocyst  implantat ion in the human. I t  now appears that  hypothesis-
driven and candidate-based deductive approach fails to explain this complex
control  process.  We propose a systems biology approach to elucidate the
control process underlying the physiological basis of successful interfacing
be tween  embryo  and  endomet r ium towards  b las tocys t  implan ta t ion .
Elucidation of the t ime course pattern of transcriptomics involved in the
process  of  blastocyst  implantat ion in mid-luteal  phase endometr ium with
and without progesterone dominance,  as well  as,  with and without viable
embryo shall elaborate upon the polygenic and multifactorial nature of the
process of blastocyst implantation. Accordingly, a large scale homeodynamic
model  of  h ierarchica l  a r rangement  of  funct ional  ne tworks  of  regula tory
genomic expressional elements at the level of endometrial receptivity shall
emerge. It is anticipated that such a systems biology approach shall provide
an integrated picture of the process and shall also open up novel areas of
bas ic ,  s t r a t eg ic  and  t r ans la t iona l  r e sea rch  in  the  b io logy  o f  b las tocys t
implanta t ion .
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and viable endometrium – embryo dialogue
(1,  2) .  However ,  blastocyst  implantat ion is
not a highly programmed process; it is rather
a  complex physiological  process .  Like  any
complex  b io log ica l  p rocess ,  b las tocys t
implan ta t ion  i s  dependent  on  non- l inear
interact ion of  mult iple  modules  and moti fs
wi th  con tex ts  spec i f ic  to  t ime  and  space .
These operational characteristics collectively

INTRODUCTION

A linear application of simplistic, largely
deterministic and logically reliable model of
operations has, in past, held the notion that
th ree  p r imary  modules  a re  in tegra l  to  the
phys io log ica l  p rocess  o f  b las tocys t
implan ta t ion  in  the  human:  endomet r ia l
competence,  adequate progesterone priming,
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hand ,  p roges te rone  dependent  sec re tory
matura t ion  makes  u te r ine  lumina l
envi ronment  hosp i tab le  to  suppor t  the
growth and differentiation of preimplantation
stage embryo. Time synchronous interaction
be tween  endomet r ium and  embryo  renders
f ine adjustments  of  endometr ia l  recept ivi ty
allowing for blastocyst implantation (1, 2). A
few paracrine factors have been shown to be
involved in this scheme of action. The details
of  the  schema have  been  g iven  e l sewhere
(2).

Despi te  i t s  s impl is t ic  and determinis t ic
edges ,  the  major  problem of  th is  model  is
that  i t  fa i l s  to  accommodate  the  fol lowing
observat ions  l ike :

(i) occur rence  of  success fu l  implan ta t ion
despite relat ive progesterone starvation
(6),

(ii) occurrence of delayed implantation (7),

(iii) a  subse t  cases  of  implanta t ion  fa i lure
wi th  no  apparen t  anomaly  in
endometrium and ovarian functions (8),
a n d

(iv) genera l ly  low implan ta t ion  ra te  in
in  v i t ro  implan ta t ion  and  embryo
transfer (IVF-ET) (7, 9).

We be l ieve  the  above-ment ioned
phenomena may be addressed only when we
s ta r t  unders tand ing  the  phys io log ica l
complexity of the control process functional
towards  b las tocys t  implan ta t ion .  I t  i s
becoming  increas ing ly  ev iden t  tha t  a
knowledge  base  of  gene  express iona l
networks in endometr ium is  a  pre-requisi te
to  e luc ida te  the  na ture  o f  the  above-

a t t r ibu te  to  the  emerg ing  proper ty  o f  a
robus t  o rder  in  the  sys tem (3) .  Our
knowledge about the process underlying the
control system of blastocyst implantation is
very  th in  (4 ) .  In  the  p resen t  essay ,  we
propose  tha t  a  l a rge  sca le  t ime  course
s tudy  of  t ranscr ip t  p rof i l es  in  adequa te ly
hormone pr imed competent  endometr ium in
the  presence  of  age-  and  s tage-matched
synchronous and viable embryo may divulge
the  na ture  o f  in te rac t ion  ne tworks  o f
transcriptomes and their factorial regulation.
We bel ieve  that  deduct ion of  such a  large
scale  expressional  networks dynamics shal l
provide a better  picture of  the process and
poss ib ly  open  up  nove l  a reas  o f  bas ic ,
s t ra teg ic  and  t rans la t iona l  research  in
blastocyst implantation. In the present essay,
we a lso  provide  the  proof  of  pr inc ip le  by
us ing  deduc t ive ly  se lec ted  gene  produc ts
based  t ranscr ip t  p rof i l es  in  recep t ive
endometr ium of  the  rhesus  monkey .

Cartes ian  model  o f  b las tocys t  implantat ion

Accord ing  to  the  Car tes ian  parad igm,
b las tocys t  implan ta t ion  in  the  human i s  a
process  tha t  i s  de te rmined  by  l inear  and
di rec t  in te rac t ion  of  th ree  major  fac tors .
They are endometrial  competence,  adequate
proges te rone  pr iming ,  and  endomet r ium –
embryo dia logue.  According to  the  not ion,
progesterone priming allows endometrium to
acquire sufficient  secretory maturat ion in a
se l f - l imi t ing  manner .  Thus ,  lu tea l  phase
progesterone plays the role of a prime mover
( ie . ,  p r imary  locomot ive  module)  fo r
endomet r ia l  recep t iv i ty  to  b las tocys t
implan ta t ion .  In  case ,  t ime  synchronous
embryo-der ived  or  ana logous  input - se t  i s
no t  ava i lab le ,  p r imed  endomet r ium breaks
in to  mens t rua l  loss  (5 ) .  On  the  o ther
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Col lec t ive ly ,  the re  has  been  no
subs t ra tum for  any  se r ious  a t t empt  in  the
past to employ systems biology approach to
e luc ida te  endomet r ia l  r ecep t iv i ty  in  the
h u m a n .

Mult i -modular  s tudy  des ign  to  de l ineate
regula tory  transcr iptome networks

Therefore ,  we  propose  to  per form
exper iments  fo r  a  compara t ive  ana lys i s  o f
t ranscr ip t  p rof i l es  in  implan ta t ion  s tage
endometr ium and construct  the t ime course
dynamics  o f  express iona l  ne tworks
opera t iona l  in  the  p rocess  o f  endomet r ia l
recept iv i ty .  Since  th is  s tudy design cannot
be  app l ied  in  human sub jec t s  fo r  e th ica l ,
p rac t ica l  and  technica l  cons t ra in t s ,  we
employed  rhesus  monkeys  as  the  pr imate
model. In brief, expressional transcriptomics
using cDNA based arrays for both ~400 and
~1200 separate gene products in endometrial
samples  co l lec ted  f rom fecund  cyc les  o f
rhesus  monkeys  on  days  4  and  6  a f te r
ovula t ion  wi th  and  wi thout  re t r i evab le
synchronous  v iab le  embryo  (moru la  to
b las tocys t  s tages )  and  wi th  o r  wi thout
mifepr i s tone  (2  mg per  kg  body  weigh t )
t rea tment  on  day  2  a f te r  ovula t ion
was  conduc ted  (Table  I ) .  Al l  the  gene
produc ts  se lec ted  were  assumed to  be
involved  in  endomet r ia l  phys io logy  and
pathophysiology based on available reports .
We have  repor ted  for  the  f i r s t  t ime  tha t
an overt  different ia l  regulat ion of  a  set  of
genomic  express ion  in  implan ta t ion  s tage
endomet r ium under  adequa te  p roges te rone
ac t ion  and  in  the  p resence  of  s tage-  and
age-synchronized  embryo  i s  an  in tegra l
to  the  p rocess  o f  b las tocys t  implan ta t ion
(20–22).

ment ioned  cont ro l  p rocess  o f  b las tocys t
implantat ion (10).

There  a re  indeed  a  few human repor t s
where in  t ranscr ip t s  p rof i l e  o f  mid- lu tea l
stage endometrium has been compared with
tha t  o f  p ro l i fe ra t ive  s tage  or  ea r ly  lu tea l
s tage endometr ium to del ineate  the role  of
proges te rone  in  es tab l i sh ing  endomet r ia l
receptivity for embryo implantation (11–17).
Table  1  g ives  a  summary  of  the  repor ted
studies. Albeit interesting data emerged from
these  s tud ies ,  th i s  model  suf fe rs  f rom
following cri t ical  l imitations.

(1) These  s tudies  d id  not  address  the  t ime
course  o f  endomet r ia l  t r ancr ip tomics
during pre- to peri-implantation window.

(2) The potential  impact of pre-implantation
embryo  der ived  s igna l  on  the
transcriptomics of progesterone dominated
endomet r ium has  no t  been  explored  in
these  s tud ies .

(3) These studies did not explore endometrial
t ranscr ip tomics  dur ing  window of
implan ta t ion  sub jec ted  to  re la t ive
proges te rone  s ta rva t ion  by  e f fec t ive
proges te rone  an tagonism in  p regnancy
cycle .  I t  has  been ear l ie r  demonst ra ted
tha t  mi fepr i s tone  admin is te red  a t  a
relatively small dose (2 mg per kg body
weight) in the early luteal stage rendered
endomet r ium phenotyp ica l ly  non-
recep t ive  dur ing  the  implan ta t ion
window resu l t ing  in  implan ta t ion
failure without any discernible change in
serum concent ra t ions  o f  es t rad io l  and
progesterone (18,  19).
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TABLE I : P rev ious  a r ray-based  s tud ies  o f  endomet r i a l  r ecep t iv i ty  in  human  and  monkey .

R e f e r e n c e
S u b j e c t Array  exper imen t  des ign
(No .  o f  gene  produc t s ) (Sample  s i ze )

Kao e t  a l . Normal ly  cyc l ing  human Between  mid-pro l i f e ra t ive  (n=  4 )  and
2002 (11) ( ~ 1 2 , 0 0 0 ) mid-sec re to ry  (n=7)  phases

Carson  e t  a l . Normal ly  cyc l ing  human Between  ea r ly  (n=3)  and  l a t e  (n=3)
2002 (12) ( ~ 1 2 , 0 0 0 ) sec re to ry  phases

Bor thwick  e t  a l . Normal ly  cyc l ing  human Between  mid-pro l i f e ra t ive  (n=5)  and
2003 (13) ( ~ 6 0 , 0 0 0 ) mid-sec re to ry  (n=5)  phases

Ca ta lano  e t  a l . Human  endomet r i a l Mid-sec re to ry  phase  (n=5)  endomet r i a l
2003  (45) exp lan t  cu l tu re explan ts  t rea ted  wi th  10 –9 M E

2
 p lus  10 –7M

( ~ 1 0 0 0 ) medroxyproges te rone  ace ta te  and  10 –9 M
E

2
,  10 –7 M medroxyproges te rone  ace ta te

plus  10 –6 M RU486

Riesewi jk  e t  a l . Normal ly  cyc l ing  human Between  pa i red  samples  (n=5)  co l l ec ted
2003 (14) ( ~ 1 2 , 0 0 0 ) dur ing  ea r ly  and  mid  sec re to ry  phases

Ace  and  Okul iz Ovar iec tomized  hormone Normal  p ro l i f e ra t ive ,  day  13  (n=3)
2004  (46) s imula ted  rhesus  monkeys and  mid  sec re to ry  days  21  (n=3)  and

( ~ 1 2 , 0 0 0 ) day  23  (n=3)

Ghosh  and  Sengup ta Cyc l ing  rhesus  monkeys Fecund  recep t ive  ve r sus  f ecund  non-
2005  (20) (~400  cus tom made) recep t ive  ( fo l lowing  RU486)  on  day  6

a f te r  ovu la t ion  (n=12)

Talb i  e t  a l . Normal ly  cyc l ing  human Mid- la te  p ro l i f e ra t ive  (n=5) ,  ea r ly  (n=3) ,
2006  (17) ( ~ 5 5 0 0 0 ) mid  (n=8)  and  l a t e  (n=6)  sec re to ry

phases  o f  cyc le

Ca ta lano  e t  a l . Normal ly  cyc l ing  human Mid-sec re to ry  endomet r i a l  samples  wi th
2007 (47) ( 1 6 0 0 0 ) no  t r ea tment  ( con t ro l ;  n=15)  and  wi th

mifepr i s tone  (200  mg)  t r ea tment  (n=9)

Sherwin  e t  a l . Adul t  f emale  baboons Mid-sec re to ry  phase  samples  wi th  e i the r
2007 (48) (8000) no  t r ea tment  ( con t ro l ;  n=2)  o r  rhCG (1 .25

IU/h)  t r ea tment  (n=2)  dur ing  days  5 -10
af te r  ovu la t ion

Ghosh  e t  a l . Cyc l ing  rhesus  monkeys Fecund  recep t ive  ve r sus  f ecund  non-
2009  (21) (~400  cus tom made) recep t ive  ( fo l lowing  RU486)  on  days  4

and  6  (n=28)  a f t e r  ovu la t ion

Najwa  2009  (22) Cyc l ing  rhesus  monkeys Fecund  recep t ive  ve r sus  f ecund  non-
(~1200  cus tom made) recep t ive  ( fo l lowing  RU486)  on  days  2 -8

(n=72)  a f t e r  ovu la t ion

Transcr iptomic  pat tern  in  the  implantat ion
s tage  recept ive  endometr ium

Based on our cDNA based array results
(Table  I ) ,  we  have  cons t ruc ted  pred ic t ive
pa t te rn  o f  t ranscr ip tomes  us ing  annota ted
s t ruc tura l  charac te r i s t i cs  o f  t ranscr ip t s
tha t  d i sp layed  more  than  two fo ld
changes in significant analysis of microarray
(http://www-stat.stanford.edu/~tibs/SAM)  in

implanta t ion s tage  endometr ium re la t ive  to
the  one  tha t  has  been  sub jec ted  to
proges te rone  s ta rva t ion  by  low dose  ea r ly
lu tea l  phase  mi fepr i s tone  render ing  i t
inhospi table  for  embryo to  implant ,  and to
zero-embryo  so journ ,  respec t ive ly .  The
underlying assumption was that all the three
condi t ions ,  namely  proges te rone  adequacy
plus  ze ro-embryo  (group  1) ,  p roges te rone
adequacy  p lus  synchronous  embryo  (group
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2) ,  and  proges te rone  s ta rva t ion  p lus
synchronous embryo (group 3) yield different
process  p roduc ts  (23)  a t  the  endomet r ia l
t ranscr ip t  ne tworks  l eve l ,  and  tha t  the
t ranscr ip t  ne tworks  connec t iv i ty  and
assor tments  fo l low expl ic i t  p r inc ip le  o f
mathematical engineering (24–26). It  is also
assumed that  any one of  the processes can
be targeted to analyze (predict)  using other
two processes  as  probes (predictons)  under
the above-mentioned format (27, 28). It was
a l so  assumed tha t  the  p red ic t ive  ana lys i s
fo l low the  bas ics  o f  Shannon  in format ics
including the modules like signal, noise and
hidden  layer ,  a s  wel l  as ,  the  p r inc ip le  o f
en t rop iza t ion  of  the  under ly ing  cod ing
process (29). It means that the coding process
in the given issue of the control process of
blas tocyst  implanta t ion re la tes  to  the  form
and  s ize  o f  endomet r ia l  t r anscr ip tomes
quantitatively, and is not necessarily related
to corresponding and proportionate proteome
products .

We repor t  here  tha t  endomet r ia l
t ranscr ip tomes  show reduc t ion  of  ga in  in
express ional  var iab i l i ty  in  the  presence  of
s tage  synchronous ,  v iab le  embryo  as
evidenced by marked loss  of  d i f ferent ia l ly
displayed gene expression between group 2
and  group  1  endomet r ium on  day  6  a f te r
ovulation [15] as compared to that on day 4
after ovulation [640] in ~1200 gene product
a r rays  (F ig .  1 ) .  I t  i s  genera l ly  be l ieved
that  lowering of gain is  a way by which a
complex  coding  process  enhances  i t s
determinism,  a lbei t  a t  the  cost  of  inherent
vulnerability. As shown in Fig. 3A, networks
ana lys i s  o f  1200  gene  produc ts  da ta  a l so
revea led  a  smal l -wor ld  type  pa t te rn  o f
t ranscr ip t  connec t iv i ty  in  the  p resence  of
adequa te  p roges te rone  p lus  v iab le  embryo

(termed as suff icient  ecosystem) .  I t  appears
tha t  the  express iona l -ne tworks  under
proges te rone  as  the  p r ime  mover  bears
considerable potential toward evolving small-
world transcript  networks depending on the
na ture  and  the  course  o f  h igh  d imens ion
a t t rac tor ,  namely  embryo-der ived  s igna l s ,
applied onto i t .

In  the  rea l  wor ld ,  t r a jec tor ies  o f  a
sus ta ined ,  non- t rans ien t ,  dynamica l  sys tem
tend  to  cease  by  d i ss ipa t ion  un less  some
driving force or an attractor is in operation.

Fig .  1 : Charac te r i s t i c s  o f  t r ansc r ip t  express ion  in
mid  lu tea l  phase  endomet r ium of  days  4
(D4PO)  and  6  (D6PO)  a f te r  ovula t ion  under
suf f i c i en t  p roges te rone  dominance  in
absence of embryo (group 1, G1), in presence
of  t ime  synchronous  p re implan ta t ion
embryo ,  moru la /ea r ly  b las tocys t  on  D4PO
and b las tocys t  on  D6PO (group  2 ,  G2) ,  and
under  p roges te rone  s t a rva t ion  due  to
proges te rone  recep to r  an tagon i sm by  ea r ly
lu tea l  phase  (day  2  a f t e r  ovu la t ion)
mi fepr i s tone  (2  mg/kg  body  we igh t ,  s . c . )
in  a  f ecund  cyc le  wi th  r e t r i evab le
pre implan ta t ion  embryo  (g roup  3 ,  G3) .
Venn  d iagrams  show the  quan t i t a t ive
charac te r i s t i c s  and  commona l i ty  among
groups  (G2:  G1 ,  G2/G1;  G3:  G2 ,  G3/G2;
G3: G1,  G3/G1 and between days (D4PO and
D6PO)  fo r  the  t r ansc r ip t s  tha t  showed
signif icant  di f ferent ia l  express ion (more than
2-fold between groups)  in  cDNA based array
ana lys i s  aga ins t  ~1200  gene  p roduc t s .
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Thus, an attractor typically provides a set of
constraints to a system to make it evolve as
a  dynamica l  sys tem (see  re fe rence  3  fo r
detai ls) .  Stage-synchronous pre-implantat ion
embryo (PIE) behaves like a high dimension
a t t rac to r ,  thus ,  i t  ou t - l imi t s  d i s s ipa t ive
processes  in  p roges te rone  domina ted
endomet r ium.  The  PIE media ted  a t t rac tor
proper t i es  converge  on to  the  p roges te rone
de te rmined  proper t i es  in  the  implan ta t ion
s tage  endomet r ium in  phys io log ica l ly
respons ive  manner  towards  endomet r ia l
recept ivi ty  and blastocyst  implantat ion.

The example of differential regulation of
mucin  in  implan ta t ion  s tage  endomet r ium
by sex  s te ro id  hormones  and  implan t ing
blastocyst clarify the above-mentioned issue
of prime mover act ion of  progesterone and
attractor function PIE (30, 31).  I t  has been
shown tha t  human endomet r ia l  ep i the l ia l
cel ls  under  progesterone dominance secrete
mucin  tha t  p ro tec t s  the  mate rna l
endomet r ium f rom paras i t i c  adhes ion  and
invasion, while implanting blastocyst down-

regulates mucin to facilitate its implantation
(31).  This  behaviour is  species specif ical ly
se lec ted  depending  on  la rger  eco log ica l
and  evo lu t ionary  coord ina tes  (30) ,  and
also not mediated by single embryo-derived
factor (32).

As explained in Fig. 2, small-world-ness
emerges as the result of replacing a fraction
(p)  o f  l inks  o f  a  d imens iona l  l a t t i ce
interpolating between a regular lattice (p=0)
and  a  random graph  (p=1)  (33 ,  34) .  Such
networks are characterized by high degrees
of  c lus te r ing  and  shor t  pa th  l eng ths .  I t
results  in the emergence of a physiological
process that appears to be both deterministic
and vulnerable (35). The administration of a
h igh  a f f in i ty  proges te rone  an tagonis t  ( l ike
mifepristone having ten t imes more affinity
to  proges terone  receptor  than  proges terone
itself), thus, can inject significant noise into
the expressional networks (Fig. 3B), making
the coding process entropized and result ing
in failure of blastocyst implantation (18, 19).
The  example  of  endomet r ia l  immunology

Fig.  2 : Two spec t rums  o f  ne tworks .  In  many  b io log ica l  ne tworks ,  c lus te r s  o f  nodes  a re  a s so r t ed  in to  t igh t
c lus te r s  and  main ta in  re la t ive ly  shor t  pa th  l inks  ac ross  the  ne tworks ,  g iv ing  r i se  to  a  smal l -wor ld
in  the  networks .  The smal l -world-ness  emerge as  the  resul t  of  replacement  of  a  f rac t ion (p)  of  l inks
of  a  d imens iona l  l a t t i ce  in te rpo la t ing  be tween  the  two  l imi t ing  cases ,  a  r egu la r  l a t t i ce  (p=0)  and  a
random graph  (p=1) .  Such  ne tworks  a re  cha rac te r i zed  by  h igh  degrees  o f  c lus te r ing  and  shor t  pa th
leng ths .  See  Almaas  2007  (26)  fo r  de ta i l s .
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Fig. 3 : The small-world-ness of endometrial transcript networks in sufficient ecosystem (i.e., adequate progesterone
and viable preimplantation stage embryo) on day 6 after ovulation (A), and its entropization by administration
of low dose high affinity anti-progestin (mifepristone, 2 mg/kg body weight) (B) is seen. The probable
physiological significance of observations as shown in (A) and (B) has been discussed in the essay.

Fig. 3(A)
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Fig.  3B.
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wi th  o r  wi thout  p roges te rone  an tagonism
expla ins  the  i s sue  of  no ise -e f fec t  on
ce l lu la r  s igna l ing  in  implan ta t ion  s tage
endometrium. While natural killer (NK) cells
show h igh  migra tory  ab i l i ty  in to  human
implantat ion s tage endometr ium because of
progesterone-dependent and possibly embryo-
der ived  s igna l s ,  admin is t ra t ion  of  an t i -
p roges t in ,  mi fepr i s tone ,  however  resu l ted
in  h igher  migra t ion  of  macrophage  and
neut rophi l s  wi th  no  change  in  NK ce l l s
in  ea r ly  p regnancy  s tage  endomet r ium
along  wi th  the  t e rmina t ion  of  p regnancy
(36–38).

In  l i eu  o f  conc lus ion

The aim of the essay is not to draw any
final  conclusion.  I t  is  ra ther  an at tempt to
examine  b las tocys t  implan ta t ion  in  the
pr imate  as  a  process  tha t  can  be  explored
from the view point of systems biology. We
believe that there are two kinds of futurism
in the  endometr ia l  t ranscr ip tomic  networks
appl ica t ion  wi th  spec i f ic  re fe rence  to  our
approach and in terpre ta t ion  of  endometr ia l
recept iv i ty .

F i r s t ly ,  our  p roposed  model  should  be
fur ther  examined  us ing  h igh  th roughput
systems biology approach especially to assess
the veracity and biological tangibility of the
assumptions and tools  suggested.  Secondly,
the  usefu lness  o f  the  model  may  fur ther
be  checked  by  in t roduc ing  d i f fe ren t
grades  o f  movers ,  a t t rac tors ,  a s  wel l  as ,
no ises  in  t imed  manner .  For  example ,  we
have  demons t ra ted  tha t  in t ra -u te r ine
administration of oil and thread may provide
embryo-ana logous  bu t  d i s t ingu ishab le
attractor function in the uterus of the rhesus
monkey  (39) .  Fur thermore ,  loca l  and

systemic application of progestin agonists and
antagonists and other chemical and physical
agents  during early pregnancy may provide
mover  and  no ise  func t ions  of  d i f fe ren t
qualities (36, 37, 40–42). It appears possible
from the  present  model  that   h igh aff in i ty
an t i -p roges t in  may  cause  insuf f ic iency  in
endomet r ia l  recep t iv i ty  f rom increment  in
overall gain along with attenuation of signal-
noise ratio despite cohorts of specific signals
being accentuated (37, 42).

There exists a limitation in the proposed
model  approach .  We have  proposed  in
the  p resen t  s tudy  tha t  the  complex
t ranscr ip tomics  in  endomet r ium fo l lowing
interplay between embryo and endometrium
under  adequa te  hormonal  mi l ieu  resu l t ing
in  success fu l  implan ta t ion  process  i s
assoc ia ted  wi th  t rans format ion  of  the
express ion  ne tworks  to  a  smal l -wor ld
pa t te rn  wi th  po ten t ia l  h igh  de te rmin ism
and  vu lnerab i l i ty  (20–22) .  However ,  the
applicat ion of  broad based systems biology
approach  i s  a lways  l imi ted  in  a  low
throughput  s tudy  per formed on  se lec ted
number of gene products as employed in the
present study design. Furthermore, our study
employed  PCR products  of  human genome
re t r ieved  f rom human genome pro jec t .
Rhesus  macaque  genome pro jec t  has  made
PCR products of monkey genes available in
the open access research domain only very
recen t ly  (43) .  Al though  there  i s  good
pars imony of  93% in  genomic  sequence
between the rhesus monkey and the human,
the  or thology among genes  of  two species
a re  d i sc re te  (44) .  Thus ,  the  da ta  ob ta ined
using rhesus monkey RNA and PCR products
of 400 and 1200 genes from human genome
bear  a  b ias  of  fa lse  detec t ion.  We bel ieve
tha t ,  wi th  the  rhesus  monkey  as  the  non-
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embryo  bu t  wi th  normal  hormonal  mi l ieu ,
and  ( i i )  p resence  of  embryo  bu t  wi th  and
without  progesterone s tarvat ion (caused by
ear ly  lu tea l  phase  low dose  mi fepr i s tone
adminis t ra t ion resul t ing in  insuff ic iency in
endometr ia l  recept ivi ty) .  Our  s tudy reveals
that presence of a viable embryo introduces
small-world type transcriptomic networks in
the  competent  and adequate ly  progesterone
pr imed endomet r ium.  This  resu l t s  in  a
physiological  process  to  support  b las tocyst
implan ta t ion .  However ,  va l ida t ion  of  the
proposed principle of transcriptomic networks
sha l l  emerge  f rom the  s tudy  of  h igh
throughput  endometr ia l  t ranscr ip t  ne tworks
involved  in  the  implan ta t ion  process .  We
bel ieve  tha t  the  proposed  sys tems  b io logy
approach  to  unders tand  the  endomet r ia l
phys io logy  in  the  p rocess  o f  b las tocys t
implantation shall help to explain phenomena
l ike  de layed  implan ta t ion ,  as  wel l  as ,
idiopathic failure of implantation in natural
set-up and following IVF-ET.
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human primate model and with robust tools
of  sys tems  b io logy  a t  our  d i sposa l ,  the
presen t  model  should  be  fu r ther  exp lored
us ing  h igh  th roughput  g loba l  gene
expressional array technology for the rhesus
monkey to investigate the systems biological
bas i s  o f  in format iona l  ne tworks  of
endomet r ia l  t r anscr ip tomes  in  the  p rocess
of  endomet r ia l  recep t iv i ty  fo r  b las tocys t
implan ta t ion  and  tha t  i t  sha l l  y ie ld  fu ture
leads  having high s t ra tegic  s igni f icance  in
human reproduc t ion .

Finally,  i t  is  notable that  understanding
of the key factors in endometrial receptivity
has  been  a  sub jec t  o f  in tense  s tudy  us ing
non-pr imate  and  pr imate  (human and  non-
human sub jec t s )  models  fo r  near ly  s ix
decades.  While significant  advancement has
been  made  in  th i s  a rea ,  the re  have  been
l imi ted  a t t empts  to  sys temat ica l ly  ana lyze
and integrate  the  cohorts  of  factors  in  the
contex t  o f  the  p r inc ipa l  ac tors  namely ,
embryo ,  endomet r ium and  the  hormonal
mi l ieu  in  an  in tegra ted  manner  us ing
systems biology approach and robust  tools
l ike  h igh  th roughput  t ranscr ip tomics  and
pro teomics ,  and  computa t iona l  model ing .
The present  ar t ic le  addresses  this  issue by
deve lop ing  t ranscr ip tomic  ne tworks  o f
gene  express ions  of  p r imate  (macaque)
endometrium in:  ( i)  presence or absence of
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