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Abstract: This study aims to explore potential clinical relevance of sHLA-G to premature rupture of membrane. 75 
samples of pregnancy were enrolled, including patients with preterm premature rupture of membranes (PPROM), 
patients with term premature rupture of membranes (TPROM) and normal pregnancy women. Level of sHLA-G 
in multiple sites were examined with ELISA. Lymphocytes were isolated from peripheral blood of patients with 
premature rupture of membrane and cultured in vitro. Lymphocytes proliferation was detected with MTT assay. 
Interestingly, no significant difference in the level of sHLA-G in serum and amniotic fluid was detected between 
PPROM group and TPROM group (P>0.05). In PPROM group and TPROM group, the level of sHLA-G in HCS lesion was 
higher than non-HCA lesion. Increasing incidence of HCA was associated with longer duration of membrane rupture. 
Regression analysis indicated duration of membrane rupture was an independent influencing factor for composites 
of premature rupture of fetal membranes and HCA, suggesting that pregnancy women with PROM should adopt 
early parturition to prevent HCA prolonged by duration of membrane rupture. MTT assay showed high concentration 
of HAMSC inhibited lymphocytes proliferation, while MEM-G/9Ab attenuated HAMSC inhibiting effect on lympho-
cytes proliferation. In summary, premature rupture of fetal membranes should be considered if decreasing level of 
HAMSC was detected. Inhibiting lymphocytes proliferation had promising clinical relevance in PROM.
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Introduction

Premature rupture of fetal membranes (PROM) 
is an important obstetrical complication, but its 
cause and mechanism are still not well-known, 
including preterm premature rupture of mem-
branes (PPROM) and term premature rupture of 
membranes (TPROM). Incidence of PPROM was 
10% while TPROM was 3.5% [1-3]. 30%-40% of 
PROM patients werte complicated by prema-
ture delivery, placental abruption, fetal dis-
tress, prolapse of cord and neonatal respirato-
ry distress syndrome. Moreover, incidences of 
such complications are growing each year, 
which are important causes leading increased 
perinatal infection and perinatal death. As a 
PROM complication of concern, chorioamnion-
itis is characterized by infection of amniotic 
fluid, fetal membranes and placenta and jeop-
ardizes pregnancy health [4, 5]. Early diagnosis 
for pregnancy women with PROM will help to 
determine optimal therapy for termination of 
pregnancy so as to reduce incidences of peri-
natal infection and perinatal death. PROM has 

various pathogenesis, and most are interaction 
of multiple factors. Despite of many studies 
conducted in recent years, causes of PROM still 
remains unclear, and precise marker for PROM 
complicated by chorioamnionitis is warranted. 
As a novel immune tolerance factors, sHLA-G 
belongs to nonclassical HLA-1 antigen [6]. 
Researches indicated normal expression of 
sHLA-G in trophoblasts was important for main-
taining healthy pregnancy. Our study was 
focused on the level of HLA-G in serum and 
amniotic fluid in the population of pregnancy 
women with PROM. Lymphocytes from TPROM 
and PPROM were cultured in vitro to explore 
effect of sHLA-G on PROM and related immuni-
zation in HAMSC. We aimed to provide data for 
clinical treatment and prevention.

Materials and methods

Materials

Materials source: 50 PROM (TPROM and PPR-
OM) pregnancy and 25 naturally delivered preg-
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nancy with intact membrane treated in obstet-
rics from August 2013 to August 2014 were 
studied. 25 cases in TPROM were 26.4 ± 2.8 
years old, gestational weeks: 37~41, average 
39 weeks, and another 25 cases in PPROM 
were 27.5 ± 2.9 years old, gestational weeks: 
30~36, average 32 weeks. The membrane of 
those two group were detected in pathology 
department of our hospital, the membrane 
were divided into HCA (histologic chorioamnion-
itis) and non-HCA (non-chorioamnionitis). The 
normal delivery whose membranes were well 
were treated as control (no chorioamnionitis 
after detection), average 25 ± 2.8 years old, 
37~41 gestational weeks and average 39 
weeks. The age and weight index of PPROM, 
TPROM and normal group distributed equilibri-
um, there were no difference between those 
group and comparable.

Inclusion criteria: (1) primipara were detected 
as single live births by colorful Doppler ultra-
sound; (2) exclusion infection result from other 
reasons; (3) without gestational hypertension 
and diabetes; (4) exclusion other medical and 
surgical diseases; (5) signature the informed 
consent.

Diagnostic criteria:(1) PROM diagnose (1) pati-
ents consciously found the urine liquid flowing 
out the vaginas; (2) colposcopy: when liquid 
flowing from cervix, effusion was found in back 
vault, or fetal effusion mixed in the visible liq-
uid; (3) vaginal fluid pH determination: normal 
pH4.5~5.5, amniotic fluid pH 7.0~7.5, vaginal 
fluid detection: pH>6.5 suggest the broken 
membrane; (4) vaginal smears detection: the 
effusion extracted by puncture from vagina 
dome and detected under the microscopy, 
smear showed sheep dentate crystallization 
after drying; (5) color Doppler examination, the 
amniotic fluid volume reduced. (2) The patho-
logical diagnostic criteria of the histologic chori-
onic amniotic membrane inflammation the pla-
centa chorionic plate showed dark color under 
microscope and neutrophil infiltration.

Method

Primary reagents and instruments HLA-G enz-
yme-linked immunosorbent assay kit (Shanghai 
jing combines biological technology co). 550 
type enzyme-linked immunometric meter (Bio-
Rab). HLA-G antibody (MEM-G/9) was used 
(Bio-Rab); MTS (Bio-Rab). 

Sample collection membrane broken time of 
patients was recorded and serum, amniotic 
fluid and membrane tissues were collected of 
premature rupture of fetal membrane patients.

Venous blood collection: 5 ml venous blood 
(without any anticoagulant)were collected from 
PPROM, TPROM and normal labor, who hospi-
talized without any treatment, the blood solidi-
fied naturally at room temperature for 20 min, 
supernatant was collected after centrifuging 
for 20 min (3000 r/min), then saved in -20°C.

Amniotic fluid collection: normal vagina steriliz-
ing detection were performed, making the 
amniotic fluid flowing from the vagina by thrust-
ing the fetal head, then 5 ml amniotic fluid were 
collected by disposable syringe. However, 5 ml 
amniotic fluid were collected from normal deliv-
ery after amniotic membrane exposure when 
they delivery. The collected amniotic fluid was 
loaded into bacterium-free tubes, collecting the 
supernatant following the same method above, 
preserved at -20°C.

Fetal membrane collection: 2×2 cm fetal mem-
brane tissue full-thickness were collected after 
the three group patient delivery, 3, 6, 9, 12 
piont distant from fetal membrane creva-sse 5 
cm were collected, washing by sterile saline 
solution, randomly selecting a block of mem-
brane, then fixed by formaldehyde and 
inspected.

HAMSC isolation and generation culture of 
cells [7]

The normal delivery membrane of the cord sur-
face were blunt dissected in bacteria-free envi-
ronment, and dissected by operating scissors, 
10×10 cm membrane was uniformly taken out 
and treated as experiment specimen. The blood 
and cell debris were washed away by PBS and 
digested by 2.5 g/L trypsin for twice, 10 min-
utes every time. The rest tissues were digested 
in 1.0 g/L collagenase for 120 min at 37°C, 
and filtered into single-cell suspension, sam-
ples were collected after centrifuging, living 
cells were counted by trypan blue. Then DMEM/
F12 (containing 10% FBS and 20 μg/L bFGF), 
then 2×105/ml cells were seeded into 75 ml 
culture flask and cultured in 37°C, 5% CO2 incu-
bator, culture solution was changed after 48 h, 
next the culture was changed every 3 days. 
When cell fusion was above 30%, digestion was 
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Statistical analysis

All results were analyzed with SPSS19.0, mea-
surement data are normal distribution to X ± S, 
F test was used for comparative analysis of dif-
ferent groups, and t test was used for compari-
son of two groups. All the relevant measure-
ment data was tested by chi-square. P value 
<0.05 was considered to be statistically 
significant.

Results

Examination of sHLA-G in PPROM group and 
TPROM group

Compared with normal pregnancy group (con-
trol group), sHLA-G of PPROM group was signifi-
cantly higher, both in serum (T=4.434, P<0.05) 
and amniotic fluid (T=4.299, P<0.05). Com-
pared with normal pregnancy group, sHLA-G of 
TPROM group was significantly higher, both in 
serum (T=5.528, P<0.05) and amniotic fluid 
(T=2.422, P<0.05). Moreover, no statistical dif-
ference was detected in the level of serum 
sHLA-G between TPROM group and PPROM 
group (T=0.288, P>0.05) same as the level of 
amniotic fluid sHLA-G (T=3.150, P>0.05) (Table 
1) .

Levels of sHLA-G in HCA lesion and non-HCA 
lesion

Levels of serum sHLA-G and amniotic fluid 
sHLA-G in HCA lesion, whether PPROM group or 
TPROM group, were significantly higher than 
those in non-HCA lesion (P<0.05) (Table 2) .

Association between duration of membrane 
rupture and incidence of chorioamnionitis

We analyzed numbers of fetal membrane infec-
tion and duration of membrane rupture. 29 
samples had <8 h duration of membrane rup-
ture, 17 samples 8-12 h, 15 samples >12 h. 
Incidences of chorioamnionitis were showed in 
Table 3, of which patients with >12 h duration 
of membrane rupture had highest incidences, 
and statistical differences were detected 
(χ2=24.137, P<0.05). Regression analysis indi-
cated duration of membrane rupture was an 
independent influencing factor for composites 
of premature rupture of fetal membranes and 
HCA (OR=6.528, 95% CI 4.422 ± 0.039, T=3.92, 
P<0.05).

performed by adding 2.5 g/L trypsin and cul-
tured by passaging.

ELISA detection of HLA-G [8]

HAMC supernatant of 3-5 generations cell cul-
tured for 3 d was centrifuged for at 3000 r/min, 
then supernatant was slowly sucked up by 0.5 
L micro pipette tip. Strictly based on the steps 
of enzyme-linked assay kit, sHLA-G ELISA kit 
was used for serum and amniotic fluid sHLA-G 
detection.

MTT assay of lymphocyte proliferation [9]

30 ml peripheral blood was collected from ran-
domly selected 3 normal deliveries, and lym-
phocyte were collected by Ficoll solution, wash-
ing twice and resuspended by RPMI 1640 (10% 
FBS, after culturing 12 h at 37°C, the adherent 
cells in culture fiask were removed for further 
operation, then the cells were fully treated by 
50 ug/ml third mitomycin C about 1 h. cells 
were seeded on the basis of ectomesenchymal 
cell villus density in 96 wells plates, culturing 
24 h in constant temperature environment, 
supernatant was slowly removed by micro 
pipette tip, then adding stimulated lympho-
cytes into the wells by using the same pipette 
tip (density 2×104).

Cells were divided into 7 groups, 2×104 con-
centration amniotic mesenchymal stem cells 
were added into the first group, based on the 
first group, 100 mg/ml HLA-G antibody was 
added into the second group; 2×103 concen-
tration amniotic mesenchymal stem cells were 
added into the third group based on the first 
group; based on the third group, the same 
HLA-G antibody as the second group was added 
into the fourth group; the fifth group was only 
added the amniotic mesenchymal stem cells 
supernatant based on the first group, the equal 
quantity HLA-G antibody as the second and 
forth group was added into the sixth group, and 
the seventh group treated as control with other 
reagents and inductor.

20 μLMTS was added into the seven groups 
cells cultured for 3 d, then incubating for 4 h 
and A450m was detected, inhibition ratio was cal-
culated repeatedly for 3 times. Inhibition rat-
io=[control absorbance value (A450m)-treatment 
absorbance value (A450m)/control absorbance 
(A450m)] ×100%.
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Inhibiting effect on lymphocytes proliferation

Inhibition rates were examined in 7 groups 
(Figure 1). Results showed both HAMSC and 
MEM-G/9Ab were influencing factors for inhi-

brane molecules (sHLA-G5, G6, G7), which 
were characterized with low polymorphism and 
limited distribution. HLA-G was mainly distrib-
uted in extravillous cytotrophoblasts of mater-
nal-fetal interface, and maintained pregnancy. 

bition rates. HAMSC inhibit-
ed lymphocytes proliferation 
and such inhibiting effect 
was concentration-depende-
nt, while MEM-G/9Ab atten-
uated HAMSC inhibiting eff-
ect on lymphocytes prolifer-
ation (Table 4).

Discussion

PROM is one of common ob-
stetrics complications. Lots 
of studies proved PROM the 
result of the mutual-function 
of many factors from both 
macro and micro aspects. 
Infection was the most com-
on pathological factor, such 
as multiple vaginal inflam-
matory ascending infection 
or intraamniotic infection. 
Rati-os of chorioamnionitis 
and obstetric infection were 
13%~60% and 2%~13% in 
clinical scenario, respectivly. 
33.3% of patients with HCA 
were diagnosed by pathoogi-
cal examination, while 66.7-
% were misdiagnosed or ne-
ver diagnosed due to asym-
tomatic symptoms or suclini-
cal chorioamnionitis, conse-
quently, early diagnosis is 
difficult [10-12].

As a member of major histo-
compatibility complex, HLA- 
G belongs to nonclassical HLA- 
1 antigen. Geraghty et al. fir-
stly cloned human HLA-G 
with relative molecular we-
ight (37~39)×103. Its tran-
scription products could be 
transformed with multiple 
splicing forms into four dif-
ferent membrane-bound hu-
man leukocyte antigens (m- 
HLA-G1, G2, G3, G4) and 
three different soluble mem-

Table 1. Analysis of serum sHLA-G and amniotic fluid sHLA-G among 
three group
Group Samples serum sHLA-G (ng/ml) amniotic fluid sHLA-G (ng/ml)
PPROM 25 39.12 ± 3.19① 58.39 ± 3.68①

TPROM 25 38.67 ± 4.55② 58.22 ± 2.49②

Control 25 33.19 ± 3.30 50.61 ± 5.28
①and ②represent comparison with control group (P<0.05).

Table 2. Analysis of sHLA-G in HCA lesion and non-HCA lesion (X ± S) 
Group Samples serum sHLA-G (ng/ml) amniotic fluid sHLA-G (ng/ml)
TPROM 25
    HCA 8 42.38 ± 1.25① 60.79 ± 2.15①

    Non-HCA 16 36.01 ± 1.39 54.08 ± 0.21
PPROM 25
    HCA 12 41.65 ± 1.58① 61.68 ± 1.33①

Non-HCA 13 36.19 ± 1.55 54.54 ± 0.56
①represents comparison between HCA and non-HCA (P<0.05).

Table 3. Analysis of association between duration of membrane 
rupture and incidence of chorioamnionitis
Group Sample Positive Negative Incidence (%) χ2 P
<8 h 29 3 26 10.3 24.137 0.001
8~12 h 16 5 11 31.25 15.240 0.028
>12 h 15 10 5 66.7 5.399 0.033

Figure 1. HAMSC-induced inhibiting effect on lymphocytes proliferation in 
each group (X ± SD, n=3).
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Some studies indicated success rate of preg-
nancy was associated with the level of sHLA-G 
in pregnant women. Higher level of sHLA-G sug-
gested promising pregnancy. sHLA-G was 
involved in maintaining maternal-fetal toler-
ance and functions of many kinds of immune 
cells. sHLA-G regulated immunity of maternal-
fetal interface, therefore, ab-normal expression 
of sHLA-G suggested pathologic pregnancy, 
such as preeclampsia and recurrent spontane-
ous abortion. Researchers found levels of 
sHLA-G in different period of pregnancy were 
significant lower than non-pregnancy period, 
including sHLA-G in amniotic fluid, serum and 
umbilical cord blood, of which sHLA-G in amni-
otic fluid was of the most significance. 
Accordingly, sHLA-G influenced more widely 
than membrane HLA-G [13-15]. Our study 
showed sHLA-G, whether in amniotic fluid or 
serum, of PPROM group and TPROM group 
were higher than control group (P<0.05). 
Moreover, sHLA-G in amniotic fluid was higher 
than serum. All above suggested sHLA-G was 
highly expressed in pregnancy women with 
PROM and resulted in maternal-fetal immune 
tolerance, which was consistent with previous 
study [16].

sHLA-G was probably involved in HCA host 
immune response regulation. The elevation of 
sHLA-G concentration repressed immune cell 
viability and finally caused HCA Compared with 
HCA lesion in PPROM group and TPROM group, 
sHLA-G of amniotic fluid and serum was lower 
in non-HCA lesion, more importantly, such 
change preceded symptoms of chorioamnion-
itis and subclinical chorioamnionitis, suggest-
ing sHLA-G examination was of great clinical 
importance to diagnosis of PROM complicated 
with HCA. Moreover, level of HCA was not 
affected by other factors, for instance, gesta-
tional age. Therefore, sHL-A-G could be includ-
ed in HCA early event as one of clinical diagnos-
tic factors for chorioamnionitis [17]. Inc-reasing 
incidence of HCA was associated with longer 

ociation between duration of membrane rup-
ture and incidence of HCA, and showed inci-
dence of HCA in patients with <8 h duration of 
membrane rupture was 10.3%, 31.25% in 8-12 
h, 66.7% in >12 h. Statistical difference was 
confirmed with FISHER test (P<0.01). Our 
results indicated duration of membrane rup-
ture was an independent influencing factor for 
composites of premature rupture of fetal mem-
branes and HCA, suggesting pregnancy women 
with PROM should adopt early parturition to 
prevent HCA prolonged by duration of mem-
brane rupture, which was consistent with previ-
ous study [18]. Accordingly, in pregnancy 
women without significant clinical infection 
symptoms, sHLA-G of amniotic fluid and serum 
should be monitored for differential diagnosis 
of suspected HCA. In other hand, sHLA-G was 
quite conducive to PROM patient and use of 
antibiotics for premature delivery to prevent 
medical malpractice and reduce mortality of 
perinatal infants.

As a member of multipotential stem cells, amni-
otic mesenchymal stem cells induce amniotic 
immunoreaction with low immunogenicity and 
high immunosuppressive function [19]. Current 
experiment in vitro showed different inhibition 
rates in seven groups. HAMSC and MEM-G/9Ab 
were influencing factors for inhibition rates. A 
positive correlation was proved between the 
concentration of HAMSC and lymphocyte prolif-
eration inhibition rate, suggesting HAMSC sig-
nificantly influenced lymphocyte proliferation 
inhibition rate, which was consistent with what 
Kinoshita T et al. found [20]. Consequently, we 
confirmed high concentration of amniotic mes-
enchymal stem cells in pregnancy women with 
PROM, and HAMSC should be monitored in 
clinical examination to prevent PROM. Mor-
eover, intergroup analysis among group 1 to 
group 6 showed MEM-G/9Ab decreased lym-
phocyte proliferation inhibition rate, suggesting 
lymphocyte proliferation inhibition rate was a 
potential target for PROM preventive treatment. 

Table 4. Analysis of inhibiting effect on lymphocytes proliferation
independent variable correlation SD T P 95% CI
HAMSC concentration① 8.602 3.260 5.184 <0.05 1.330~0.252
HAMSC② 6.528 0.147 2.021 <0.05 0.266~0.102
MEM-G/9Ab③ -11.528 4.392 -2.144 >0.05 -1.295~-0.035
①represents analysis among group 1, group 3 and group 5. ②represents analysis 
among 7 groups. ③represents analysis among group 1 to group 6.

duration of membrane ru-
pture, and HAC likely caus-
ed premature delivery and 
fetal intrauterine infection. 
Our study showed patients 
with HCA lesion had higher 
level of sHLA-G of amniotic 
fluid and serum. Further 
investigation explored ass-
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Our study also showed inhibiting effect of 
HAMSC on lymphocyte proliferation was asso-
ciated with cell count, and inhibition rate 
dropped after HLA-G specific antibody interven-
tion. Potential mechanism was lymphocyte pro-
liferation could be reduced by soluble cytokines 
secreted from amniotic mesenchymal stem 
cells, while HLA-G specific antibody repressed 
such inhibiting effect. Meanwhile, our study 
indicated HLA-G not only inhibited HAMSC 
induced immunoreaction, but inhibited lympho-
cyte proliferation to promote PROM and HCA, 
accordingly, sHLA-G should be of concern for 
PROM preventive treatment.

In conclusion, our study confirmed inhibiting 
effect of HLA-G on HAMSC cellular immunity. 
Pregnancy women with PROM had higher sHLA-
G levels, both in serum and amniotic fluid. To 
pregnancy women, sHLA-G was an important 
clinical inspection item for early diagnosis of 
HCA lesion or PROM to reduce maternal infec-
tion rate and perinatal mortality. PROM should 
be considered if decreasing level of HAMSC 
was detected. Inhibiting lymphocytes prolifera-
tion had promising clinical significance in the 
field of PROM drug therapy.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Jin Luo, The Sana- 
torium of Jinan Military Command, Qingdao 266071, 
China. Tel: +86-0532-51885559; Fax: +86-0532-
51885559; E-mail: jinluo456@sina.com 

References

[1] Fujiwara A, Fukushima K, Inoue H, Takashima 
T, Nakahara H, Satoh S, Ochiai M, Hara T, Shi-
mokawa M, Kato K. Perinatal management of 
preterm premature ruptured membranes af-
fects neonatal prognosis preterm Premature 
Rupture of the membranes. J Perinat Med 
2014; 11: 1-7.

[2] Gezer A, Parafit-Yalciner E, Guralp O, Yedigoz V, 
Altinok T, Madazli R. Neonatal morbidity mor-
tality outcomes in preterm premature rupture 
of membranes. J Obstet Gynaecol 2013; 33: 
38-42.

[3] Blanchon L, Accoceberry M, Belville C, Dela-
baere A, Prat C, Lemery D, Sapin V, Gallot D. 
Rupture of membranes: pathophysiology, diag-
nosis, consequences and management. Gyne-
col Obstet Biol Reprod (Paris) 2013; 42: 105-
106.

[4] Aguin E, Van De Ven C, Cordoba M, Albayrak S, 
Bahado-Singh R. Cerclage retention versus re-
moval following preterm premature rupture of 
membranes and association with amniotic flu-
id markers. Int J Gynaecol Obstet 2014; 2: 
7286-7292.

[5] Saglam A, Ozgur C, Derwig I, Unlu BS, Gode F, 
Mungan T. The role of apoptosis in preterm 
premature rupture of the human fetal rupture 
of the human fetal membranes. Arch Gynecol 
Obstet 2013; 288: 501-507.

[6] Magee B, Smith G. Histological chorioamnion-
itis associated with preterm prelabour rupture 
of membranes at kingston general hospital: a 
practice audit. J Obstet Gynaecol 2013; 5: 
1083-1089.

[7] Al Riyami N, Al-Ruheili I, Al-Shezaw F, Al-Khabo-
ri M. Extreme Preterm Premature Rupture of 
Membranes: Risk Factors and Feto Maternal 
Outcomes. Oman Medical Journal 2013; 28: 
108-111.

[8] van der Ham DP, van Melick MJ, Smits L, Ni-
jhuis JG, Weiner CP, van Beek JH, Mol BW, 
Willekes C. Methods for the diagnosis of rup-
ture of the fetal membranes in equivocal cas-
es: a systematic review. Eur J Obstet Gynecol 
Reprod Biol 2011; 157: 123-127.

[9] Aruna M, Sudheer PS, Andal S, Tarakeswari S, 
Reddy AG, Thangaraj K, Singh L, Reddy BM. 
HLA-G polymorphism patterns show lack of de-
tectable association with recurrent spontane-
ous abortion. Tissue Anti-gens 2010; 76: 216-
222.

[10] Ivanova-Todorova E, Mourdjeva M, Kyurkchiev 
D, Bochev I, Stoyanova E, Dimitrov R, Timeva T, 
Yunakova M, Bukarev D, Shterev A, Tivchev P, 
Kyurkchiev S. HLA-G expression is up regulated 
by progesterone in mesenchymal stem cells. 
Am J Reprod Immunol 2009; 62: 25-33.

[11] Mu SC, Lin CH, Chen YL, Ma HJ, Lee JS, Lin MI, 
Lee CC, Chen TJ, Jow GM, Sung TC. ImPact on 
Neonatal Outcome and Anthropeometric 
Growth inVery Low Birthweight Infants with His-
tological Chorioamnionitis. J Formos Med As-
soc 2008; 107: 304-310.

[12] Iversen AC, Nguyen OT, Tømmerdal LF, Eide IP, 
Landsem VM, Acar N, Myhre R, Klungland H, 
Austgulen R. The HLA-G 14bp gene polymor-
phism and decidual HLA-G 14bp gene expres-
sion in pre-eclamptic and normal pregnancies. 
J Reprod Immunol 2008; 78: 158-165.

[13] Okano H, Kawahara H, Toriya M, Nakao K, Shi-
bata S, Imai T. Function of RNA-bind-ingprotein 
Musashi-1 in stem cells. Exp Cell Res 2005; 
306: 349-356.

[14] Gage FH. Mammalian neural stem cells. Sci-
ence 2000; 287: 1433-1438.

[15] Pereboeva L, Komarova S, Mikheeva G, Kras-
nykh V, Curiel DT. Approaches to utilize mesen-



Study on significance of sHLA-G in PROM

16504 Int J Clin Exp Med 2016;9(8):16498-16504

chymal progenitor cells as cellular vehicles. 
Stem Cells 2003; 21: 389-404.

[16] Yip S, Aboody KS, Burns M, Imitola J, Boockvar 
JA, Allport J, Park KI, Teng YD, Lachyankar M, 
McIntosh T, O’Rourke DM, Khoury S, Weissled-
er R, Black PM, Weiss W, Snyder EY. Neural 
stem cell biology may be well suited for improv-
ing brain tumor therapies. Cancer J 2003; 9: 
189-204.

[17] Shimizu H, Miyazaki M, Wakabayashi Y, Mitsu-
hashi N, Kato A, Ito H, Nakagawa K, Yoshidome 
H, Kataoka M, Nakajima N. Vascular endothe-
lial growth factor secreted by replicating hepa-
tocytes induces sinusoidal endothelial cell pro-
liferation during regeneration after partial 
hepatectomy in rats. J Hepatol 2001; 34: 683-
689.

[18] Maru Y, Hirosawa H, Shibuya M. An oncogenic 
form of theFlt-1 kinase has a tubulogenic po-
tential in a sinusoidal endothelial cell line. Eur 
J Cell Biol 2000; 79: 130-143.

[19] Takashima S, Ise H, Zhao P, Akaike T, Nikaido T. 
Human amniotic epithelial cells possess hepa-
tocyte-like characteristics and functions. Cell 
Struct Funct 2004; 29: 73-84.

[20] Kinoshita T, Miyajima A. Cytokine regulation of 
liver development. Biochim Biophys Acta 
2002; 1592: 303-312.


