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INTRODUCTION: 

Originally identified 30 years ago as an agent with 

antiviral activity, IFN-γ has since been 

characterized as a homodimeric glycoprotein with 

pleiotropic immunologic functions 
(1,2,3)

. IFN-γ is 

primarily secreted by activated T cells and NK 

cells, and can promote macrophage activation 
(3,4)

. 

Both autocrine and paracrine IFN-γ signaling 

might be present in normal utero-placental tissues 

and receptors for IFN-γ are expressed on many 

cells that are present at the implantation sites 
(5)

. 

In 1995 Th1-type cytokine secretion was observed 

for the first time in women with RSA, when 

peripheral blood mononuclear cells were activated 

by a trophoblast cell line 
(6)

. This finding was also 

supported by other reporters 
(7,8,9,10)

. Th1-type  
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cytokines (IL-2, TNF-α, IFN-γ) can boost, and 

Th2-type cytokines (IL-3, IL-4, IL-10) can reduce 

abortion rate in mice 
(11)

. But the inefficiency of 

NK cell, macrophage, and Th1-type cytokines in 

killing trophoblasts led to question the mechanism 

whereby the cytokines produced their effects. A 

target other than trophoblasts for cytokines was 

sought; a maternal vascular target was suggested 

by pathologic specimens of aborted material that 

showed hemorrhagic necrosis at the trophoblast-

decidual interface 
(12)

. 

Spontaneous abortions (resorptions) in DBA/2-

mated CBA/J female (CBA/J X DBA/2) mice is 

thought to represent a rejection of the semi-

allogeneic feto-placental unit by activated NK cells 

and activated macrophages 
(13,14)

, these cells 

infiltrate maternal mesometrial decidua at the site 

of implantation, the frequency of implantation sites  

 

 

 

 
 

ABSTRACT: 
BACKGROUND:  
The Th-1 cytokines were well implicated in adversely affecting pregnancy and the mechanism by 

which they cause pregnancy loss was suggested to be mainly vascular by activation of mediators of 

inflammation like certain adhesion molecules. 

OBJECTIVE:  

To study the pathological effect of IFN-γ and VCAM-1 in recurrent pregnancy loss. 

PATIENTS AND METHODS:  
The study included three groups of women; Group A: patients had recurrent abortion (n=24), Group 

B: patients had spontaneous abortion for the first time (n=10), Group C: women with elective 

pregnancy termination (n=6). Curate samples obtained from these women were subjected for in situ 

hybridization technique to determine the in situ expression of IFN-γ, and immunohistochemistry 

analysis to detect the expression of VCAM-1. 

RESULTS:  
The in situ expression of IFN-γ was significantly higher in women with RSA as compared with 

normal pregnant and first abortion groups (p=0.000 and 0.002) respectively, and the expression of 

VCAM-1 was also significantly higher (p=0.005) in women with RSA as compared with those who 

had abortion for the first time, with a positive correlation between the expression of IFN-γ and 

VCAM-1 (r=0.418; p<0.05) in women with RSA. 

CONCLUSION:  
The data of this study strengthen the possibility that type-1 immune response may have the upper 

hand in the pathology of RSA on multidirectional bases including up regulation of the surface 

expression of VCAM-1. 

KEY WORDS: RSA (recurrent spontaneous abortion), VCAM-1, IFN-γ 
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with such an infiltrate is proportional to the 

percentage of embryos that resorb 
(14)

. Murine 

resorptions are characterized by focal necrosis at 

the junction of the fetal trophoblast with the 

decidua, an infiltrate with polymorphonuclear 

leukocytes at sites of necrosis and along the walls 

of large vessels in the decidua, and by thrombosis 

and hemorrhage 
(15,16,17)

. There are two main 

sources of this polymorphonuclear infiltration; 

firstly, when thrombin is generated, it will activate 

IL-8 secretion by endothelial cells, IL-8 recruits 

PMNs 
(5,18)

. Secondly, a chemokine, IFN-γ-

inducible protein 10 kDa (IP-10) is stimulated by 

IFN-γ and recruits PMNs in the early pregnant 

uterus 
(19)

. In addition, pro-inflammatory cytokines 

like IFN-γ induce leukocyte-endothelial adhesion 

molecules and increase the transendothelial 

migration of the recruited leukocytes 
(20)

. 

VCAM-1 is a 110 kDa protein binding to the 

integrin α4β1 very late antigen (VLA)-4 cell 

surface heterodimer, but its also known to interact 

weakly with the closely related integrin α4β7 
(21,22)

. 

VCAM-1 is a type 1 transmembrane protein 

belonging to the immunoglobulin superfamily 
(23)

. 

Structurally, the extracellular amino-terminal 

portion of the molecule consists of seven 

immunoglobulin-(Ig) like domains. These Ig-like 

domains appear to have arisen by internal 

duplication, as domains I, II, and III are highly 

homologous to domains IV, V, and VI 
(24)

. Both Ig-

domains I and IV are capable of independently 

interacting with α4 integrins
(25)

. The binding to 

domain IV may require activation of the leukocyte 

integrins 
(26)

. 

VCAM-1 was originally identified as a cytokine 

inducible surface protein that mediate adhesion of a 

number of leukocytes including lymphocytes, 

monocytes, mast cells, eosinophils, and tumor cells 

to umbilical vein endothelial cells 
(27.28)

. Proteins 

for integrin subunits (α4, αv, β1, and β3) and 

VCAM-1 are expressed within the developing 

murine placenta, and mRNAs for these specific 

integrin subunits and VCAM-1 are present in the 

utero-placental units and placentas 
(29)

. 

PATIENTS, MATERIALS AND METHODS: 

Patients were collected from Al-Kadhmya and Al-

Ulwiya teaching hospitals in Baghdad, and were 

divided into three groups; Group A: 24 pregnant 

ladies presented with incomplete first trimester 

abortion, all of whom gave a history of previous 3-

6 consecutive first trimester abortions, with no 

medical diseases, family history of genetic diseases 

or uterine anatomical anomaly, also all of them  

 

 

 

were negative for acute infection with rubella, 

HCMV and toxoplasmosis. Group B: 10 pregnant 

ladies presented with incomplete first trimester 

abortion and had at least three previous normal 

pregnancies with no previous abortion, and no 

history of any medical illness. And Group C: 6 

pregnant ladies with elective termination of 

pregnancy in the first trimester for a maternal 

indication under approved consent of two senior 

gynecologists and a physician. Curate samples of 

the materno-fetal interface were taken from all 

these women at the end of evacuation curate 

operation, samples were embedded in paraffin and 

subjected for in situ hybridization technique. 

In situ Hybridization: For in situ hybridization 

technique (ISH), DNA Probe 

Hybridization/Detection System In situ kit (Maxim 

Biotech, Inc., USA) was used. Kit contents 

included: biotinylated housekeeping gene probe, 

hybridization solution (ready to use), protein block, 

detergent wash buffer, RNase A (15 μg/ ml), 

streptavidin-AP conjugate, substrate (BCIP/NBT), 

and lyophilized proteinase K (4 mg); which is 

dissolved in a 2 ml DNase and RNase free dilution 

buffer to form 10X proteinase K, then diluted by 

deionized water to 1X proteinase K. The probe was 

biotin-labeled DNA probe for human IFN-γ (249 

bp), (Maxim Biotech, Inc., USA). 

Tissue sections were deparaffinized in xylene and 

rehydrated through a series of ethanol dilutions. 

After digestion with 1X proteinase K at 

37°C,hybridization was carried out by applying 10 

μl hybridization mixture (0.8 μl of biotin-labeled 

DNA probe diluted in 9.2 μl hybridization 

solution) per slide. After overnight incubation, the 

slides were soaked detergent wash. The biotin-

labeled hybrids were detected with streptavidin-

alkaline-phosphatase conjugate, and an enzyme-

substrate chromogen (bromo-chloro-indolyl-

phosphate/ in nitro-blue-tetrazolium salt) 

BCIP/NBT, yielding an intense blue-black signal 

appears at the specific site of the hybridized probe. 

The slides were counterstained with nuclear fast 

red stain, for more details refer to reference 
(30)

.  

Evaluation of ISH signal:  
The expression of IFN-γ mRNA was measured by 

counting the number of positive decidual and 

trophoblastic cells, which gave a blue-black 

(BCIP/NBT) nuclear staining under the light 

microscope. The extent
 
of the ISH signal in the villi 

was determined in 10 fields (X100 magnification). 

In each field the total number of villi were
 
counted 

and the extent of nuclear staining
 

of the 

cytotrophoblast and syncytiotrophoblast 
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in a given villous
 
was graded as 3, (75–100%); 2, 

(25–75%); or 1, (<25%).
 
The total staining score 

was divided by the number of whole
 
villi per field 

in 10 fields. These scores (between
 
1 and 3) were 

added for each field, and a score between
 
10 and 30 

was gained for each sample 
(30)

. To compare with 

VCAM-1 immunostaining; the percentage of 

positively stained villi was calculated for each case 

by taking the mean of the percentages of the 

positively stained villi in the 10 fields. 

Immunohistochemistry: Using DakoCytomation 

LSAB2 System- HRP code KO673 

(DakoCytomation, USA), Immunohistochemistry 

detection kit, contains: Peroxidase Block, 

Biotinylated Link, Strepavidin-HRP (horseradish 

peroxidase), and Substrate DAB Chromogen (3,3`-

diaminobenzidine in a chromogen solution). The 

monoclonal antibodies are listed in the table. 

Tissue sections were deparaffinized in xylene for 5 

minutes and rehydrated through a series of ethanol 

dilutions, after retrieval of the tissue antigen in a  

 

citrate buffer under 121°C in the autoclave for two 

minutes, the sections were washed in distilled 

water, and then endogenous peroxidase was 

blocked using peroxidase block for 30 minutes 
(23)

, 

100µl of the diluted primary (monoclonal) 

antibody was applied onto the sections and 

incubated overnight at 37°C, then washed in a 

phosphate buffer saline (PBS) bath for 5 minutes, 

followed by applying the biotinylated link 

(secondary antibody) and incubation at 37°C for 

one hour, and then the same washing in PBS was 

performed, followed by placing 1-2 drops of the 

Strepavidin-HRP conjugate onto the tissue sections 

and incubation at 37°C for one hour then washing, 

and then the DAB substrate chromogen was 

applied for 10-20 minutes yielding a brown signal 

at the antigenic site, followed by counterstaining 

with Mayer's hematoxylin. Negative controls were 

obtained by omitting the monoclonal antibody and 

using antibody diluent alone to verify the signal 

specificity. 
 

Monoclonal antibodies included in the study 
 

Antibody type Dilution Source Specificity 

VCAM-1 1:50 DAKO Denmark Antibody clustered as anti-CD106 molecule 

Von Willebrand 

Factor (vWF) 

1:50 DAKO Denmark Endothelial cells Megacaryocytes and Megacaryoblasts 

 
The expression of VCAM-1 on endothelial cells 

was evaluated by counting the total number of 

vWF positive blood vessels, then counting the total 

number of VCAM-1 positive blood vessels for 

each case using (X100 magnification), and then the 

percentage VCAM-1 positive vessels in each case 

was calculated as follows: 

  
 The percentage of VCAM-1 positive vessels= The total number of VCAM-1 positive vessels  X 100 

                                                    Total number of vWF positive vessels 

 
 

For each slide, the blood vessels were counted in
 

the entire tissue section, and any brown-staining 

endothelial cell or endothelial cell
 
cluster that was 

clearly separated from adjacent vessels was
 

considered as a single, countable vessel. Vessel 

lumens were
 
not necessary for a structure to be 

defined as a vessel, and
 
red blood cells were not 

used to define a vessel lumen. Branching
 
structures 

were counted as a single vessel 
(31)

. 

Statistics:  
ANOVA test was used to determine the difference 

in the expression of IFN-γ or VCAM-1 among the 

three groups, and the relationship between these 

two parameters was measured using the correlation  

coefficient (r). Values of p<0.05 were considered 

as statistically significant. 

RESULTS: 

The expression of IFN-γ was detected by ISH 

technique, while VCAM-1 expression was studied 

using immunohistochemistry analysis, tables (1) 

and (2) show the percentages of the in situ  

expression of IFN-γ and VCAM-1 surface 

expression respectively in terms of mean ± SE, 

median, minimum and maximum values of the 

three groups. Tables (3) and (4) show the 

difference in the expression of IFN-γ and VCAM-1 

among the three groups and within the groups 

respectively using ANOVA analysis. 

The study demonstrates a highly significant 

positive correlation between the in situ expression 

of IFN-γ and VCAM-1 in the RSA group (r=0.418, 

p<0.05), while there was no significant correlation  
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between the two in those who had abortion for the 

first time or in normal pregnancy (r=0.493, p>0.05; 

r=0.925, p>0.05) respectively. 

The expression of IFN-γ was heterogenous blue-

black nuclear staining, involving both decidual and  

 

trophoblastic cells, as shown in figure (1, A&B), 

while VCAM-1 positive endothelial cells displayed 

granular cytoplasmic staining pattern as shown in 

figure (1, D). 

 

 
 

Table 1:The expression of IFN-γ among the studied groups 

 

IFN-γ n Mean ± S.E.ψ Median 
Min 

Value 

Max 

Value 

Group 1 24 69.8 ± 2.96 69.4 45 93.8 

Group 2 10 49.5 ± 5.07 61.4 34.7 88 

Group 3 6 40.1 ± 5.6 43.7 25 62.4 
        

                                     Ψ Standard error 

 
Table 2:The expression of VCAM-1 among the studied groups 

 
IL-10 n Mean ± S.E.ψ Median Min Value Max Value 

Group 1 24 55.9 ± 2.74 55.6 28.2 83 

Group 2 10 32.4 ± 3.9 32.3 10.3 54.2 

Group 3 6 42.5 ± 1.99 44.4 38.8 50 
                    

                               Ψ Standard error 

 
Table 3:The significance of difference in the expression of IFN-γ in between the groups 

 
IFN-γ P Value 

Among the groups 0.000 

Between group A and B 0.002 

Between group A and C 0.000 

Between group B and C 0.645 

 
Table 4:The significance of difference in the expression of VCAM-1 in between the groups 

 
VCAM-1 P Value 

Among the groups 0.000 

Between group A and B 0.000 

Between group A and C 0.064 

Between group B and C 0.374 
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Figure 1: Detection of IFNγ by in situ hybridization and VCAM-1 by immunohistochemistry in women 

with abortion. Staining of IFN-γ mRNA in the nuclei of the decidua and trophoblasts by BCIP/NBT 

(blue-black) counterstained with nuclear fast red. (A) Tissue from patient with RSA shows positive 

IFNγ hybridization signals. (B) Higher magnification of (A) demonstrates the heterogenous nuclear 

staining pattern (arrows). (C) Positive control (housekeeping gene) probe. (D) Staining of VCAM-1 by 

DAB chromogen (dark brown) counterstained with Mayer's heamatoxylin, patient with RSA shows 

positive VCAM-1 immunostaining. Magnification power of A (X100), B-D (X400). 
 

DISCUSSION: 

This study demonstrates that the in situ expression 

of IFN-γ is significantly higher in women with 

RSA than that in women with first abortion or 

normal pregnancy (p= 0.002, 0.000) respectively, 

notifying that the three groups in this study were 

comparable in age and gestational age at the time 

of abortion. A part from the causes of this 

significant increase in the expression of IFN-γ in 

women with recurrent abortion, revision was made 

for the previous studies that examined the 

association between Th1 type cytokines and 

recurrent abortion, first studies in Hill's laboratory 
(6) 

have shown that peripheral blood mononuclear 

cells (PBMC) of women with a history of RSA 

when stimulated with a trophoblast antigen extract 

produced significantly higher concentrations of the 

Th1 cytokines, IFN-γ and TNF-α, as compared 

with normal pregnancy. Moreover, it has been  

 

demonstrated that stimulation of the maternal 

PBMC with autologous placental cells in vitro  

results in a Th1-biased production of cytokines in 

women undergoing unexplained RSA 
(7,9)

. This was 

mirrored by the situation at the feto-maternal 

interface shown by other studies 
(5,30,32,33)

. 

Although this study, like many of the studies on 

human pregnancy failure, has not addressed a 

direct cause-and-effect relationship between Th1-

type reactivity and recurrent pregnancy loss, 

considerable amount of evidence suggest that Th1 

cytokines might well be implicated in adversely 

affecting pregnancy, directly by interfering with 

trophoblast survival and function, and indirectly by 

activating cell-mediated immune effectors. 

Evidences supporting this suggestion are that, the 

administration of one of the Th1 cytokines like 

IFN-γ, TNF-α or IL-2 to normal pregnant mice  
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causes abortion 
(34)

. IFN-γ and TNF-α inhibit the 

proliferation of human trophoblast cells in vitro 
(35)

 

and are toxic to human trophoblast cells 
(36)

. 

Uterine resorption sites in a murine model of  

recurrent abortion were infiltrated by NK cells 
(37)

; 

given the fact that the activation of NK cells has 

been shown to be detrimental to murine pregnancy 

and that NK cells are activated by the Th1 

cytokine; IFN-γ 
(38)

, the relevance of these data to 

pregnancy failure is obvious. In addition, other 

studies stated that, the concentrations of uNK cells 

were abnormally high in women with recurrent 

miscarriage 
(39)

, activated macrophages were 

present in the decidua of resorbing murine embryos 
(40)

 and embryo loss in mice has been shown to be 

associated with local production of nitric oxide 
(41)

. 

Furthermore, strong Th1-dominant responses 

against pathogens compromise pregnancy; for 

example infection by Leishmania major results in 

resorptions, with a concurrent increase in the 

concentrations of IFN-γ in the placenta 
(42)

. 

As the target of pro-inflammatory cytokines in 

triggering abortion was found to be mainly 

vascular 
(43)

, another aspect carried in this study, 

focusing on investigating the possible role of 

VCAM-1, that was seen in the literature playing a 

role in pregnancy, and to solidify the possible role 

of IFN-γ as a pro-inflammatory cytokine, since the 

pro-inflammatory cytokines cause up-regulation of 

VCAM-1 
(20)

. Interestingly, INF-γ and VCAM-1 

expressions were significantly correlated in this 

study in women with RSA (r=0.418, p<0.05), 

which could be explained by the previous studies 

on VCAM-1 which showed that it is an inducible 

molecule, and pro-inflammatory cytokines, 

especially IFN-γ can cause a profound increase in 

VCAM-1 density on endothelial cells within 5-9 

hours after stimulation and promote trans-

endothelial migration 
(20,44,45)

. 

In addition, multiple VCAM-1 isoforms has been 

identified that are encoded by alternatively spliced 

mRNAs, a unique isoform VCAM-1
GPI

, has been 

identified which contains only the first three Ig 

domains and is anchored to the cell membrane via 

glycosylphosphatidylinositol. VCAM-1
GPI

 is 

encoded by an alternatively spliced mRNA that is 

preferentially induced by proinflammatory 

cytokines and LPS. 
(46) 

Moreover, the current study showed that the 

expression of VCAM-1 is significantly higher in 

women with RSA than that of women with first 

abortion (p=0.000) and also higher than that in 

normal pregnancy (p=0.064), which strengthens 

our suggestion that VCAM-1 could play a role in  

 

 

the pathology of recurrent miscarriage by 

enhancement of trans-endothelial migration of 

recruited leukocytes in the decidual blood vessels, 

participating in the inflammatory process, also it  

mediate stimulation of the adjacent endothelial 

cells by the adhering leukocytes increasing the 

inflammatory process 
(47,48)

. 

CONCLUSION: 

This study strengthen the possibility that type-1 

immune response may have the upper hand in the 

pathology of RSA on multidirectional bases 

including up regulation of the surface expression of 

VCAM-1. 

 REFERENCES: 

1. Wheelock EF. Interferon-like virus-inhibitor 

induced in human leukocytes by 

phytohemagglutinin. Science. 1965;149:310-

11. 

2. Billiau A. Interferon-gamma: Biology and role 

in pathogenesis. Adv Immunol. 1996;62: 61-

130. 

3. Boehm U, Klamp T, Groot M and Howard JC. 

Cellular responses to interferon-gamma. Annu 

Rev Immunol. 1997;15: 749–95. 

4. Zhu J, Yamane H and Paul WE. 

Differentiation of effector CD4 T cell 

populations. Annu Rev Immunol. 

2010;28:445-89. 

5. Djuardi Y, Widowo H, Supali T et al. 

Determinants of the relationship between 

cytokine production in pregnant women and 

their infants. PLoS One (PubMed). 2009; 

4:7711. 

6. Hill JA, Polgar K and Andreson DJ. T-helper 

type-1 immunity to trophoblast in women with 

recurrent spontaneous abortion. J Am Med 

Assoc. 1995; 273: 1933-36. 

7. Raghupathy R, Makhseed M and Azizieh F. 

Maternal Th1- and Th2-type reactivity to 

placental antigens in normal and unexplained 

recurrent Spontaneous abortions. Cell 

Immunol. 1999;196:122-30. 

8. Raghupathy R, Makhseed M, Azizieh F et al. 

Cytokine production by maternal lymphocytes 

during normal human pregnancy and in 

unexplained recurrent spontaneous abortion. 

Hum Reprod. 2000;15: 3: 713-18. 

9.  Makhseed M, Raghupathy R, Azizieh F et al. 

Th1 and Th2 cytokine profiles in recurrent 

aborters with successful pregnancy and with 

subsequent abortions. Hum Reprod. 

2001;16:2219-26. 

 

 

 

234 



 

 
 
 
 
 

   THE IRAQI POSTGRADUATE MEDICAL JOURNAL                                                                          VOL.10, NO.2, 2011 
 

RECURRENT SPONTANEOUS ABORTION 
 

 

10. Kwak-Kim JYH, Chung-Bang HS, Ng SC et 

al. Increased T helper 1 cytokine responses by 

circulating T cells are present in women with 

recurrent pregnancy losses and in infertile 

women with multiple implantation failures 

after IVF. Hum Reprod. 2003;18: 4: 767-73. 

11. Chaouat G, Meliani AA, Martal J et al. IL-10 

prevents naturally occurring fetal loss in the 

CBA x DBA/2 mating combination and local 

defect in IL-10 production in this abortion-

prone combination is corrected by in vivo 

injection of IFN-tau. J Immunol. 1995; 154: 

4261-68. 

12. Clark DA, Chaouat G, Arck PC et al. Cutting 

edge: cytokine-dependent abortion in CBA x 

DBA/2 mice is mediated by the procoagulant 

fg12 prothrombinase. J Immunol. 1998;160: 

545-49. 

13. Clark DA. Controversies in reproductive 

immunology. Crit Rev Immmnol. 1991;11: 

215-20. 

14. Duclos AJ, Haddad EK, and Baines MG. 

Presence of activated macrophages in a murine 

model of early embryo loss. Am J Reprod 

Immunol. 1995;33: 354-60. 

15. Deansly R. Termination of pregnancy in rats 

after ovariectomy is due to immediate collapse 

of the progesterone-dependent decidua. J 

Reprod Fertil. 1973;35: 183-190. 

16. Clark DA, Quarrington C, Banwatt D et al. 

Spontaneous abortion in immunodeficient 

SCID mice. Am J Reprod Immunol. 1994;32: 

15-22. 

17. Crichley HO, Kelley RW, Lea RG et al. Sex 

steroid regulation of leukocyte traffic in 

human decidua. Hum Reprod. 1996;11:2257-

66. 

18. Bratt J and Palmblad J. Cytokine-induced 

neutrophil-mediated injury of human 

endothelial cells.  J Immunol. 1997;159: 912-

18. 

19. Nagaoka K, Sakai A, Nojima H et al. A 

Chemokine, IFN-γ-inducible protein 10 kDa, 

is stimulated by IFN-tau and recruits immune 

cells in the ovine endometrium. Biol Reprod. 

2003; 68:1413-21. 

20. Panes AJA, Perry M and Granger DN. 

Leukocyte-endothelial cell adhesion: avenues 

for therapeutic intervention. British J Pharma. 

1999;126: 537-50. 

21. Lobb RR and Hemler ME. The 

pathophysiological role of α4 integrins in vivo. 

J Clin Invest. 1994; 94: 1722-28. 

 

 

 

22. Newman W. CD106 workshop panel report. 

Leukocyte typing VI. White cell 

differentiation antigens. Proceedings of the 6
th

 

international workshop and conference; 1996 

Nov 10-14: Kobe, Japan. New York, London: 

Garland Publishing Inc. 1997:712-13. 

23. Kwee L, Baldwin HS, Shen HM et al. 

Defective development of the embryonic and 

extraembryonic circulatory systems in vascular 

cell adhesion molecule (VCAM-1) deficient 

mice. Development. 1995;121: 489-503. 

24. Polte T, Newman W, Raghunathan G and 

Gopal TV. Structural and functional studies of 

full length VCAM-1: internal duplication and 

homology to several adhesion proteins. DNA 

Cell Biol.1991;10: 349-57. 

25. Vonderheide RH, Tedder TF, Springer TA and 

Staunton DE. Residues within conserved 

amino acid motif of domains 1 and 4 of 

VCAM-1 are required for binding to VLA-4. J 

Cell Biol. 1994;125:215-22. 

26. Needham LA, Van Dijk S, Pigott R et al. 

Activation dependant and independent VLA-4 

binding sites on VCAM-1. Cell Adhesion and 

Communication. 1994;2: 87-99. 

27. Bochner BS, Luscinskas FW, Gimbrone MA 

et al. Adhesion of human basophils, 

eosinophils and neutrophils to interleukin 1-

activated human vascular endothelial cells: 

Contribution of endothelial cell adhesion 

molecules. J Exp Med. 1991;173:1553-56. 

28. Carlos TN, Kovach B, Schwartz M et al. 

Human monocytes bind to two cytokine-

induced adhesive ligands on cultured human 

endothelial cells: endothelial-leukocyte 

adhesion molecule-1 and vascular cell 

adhesion molecule-1. Blood. 1991;77: 2266-

75. 

29. Bowen JA and Hunt JS. Expression of cell 

adhesion molecules in murine placentas and a 

placental cell line. Biol Reprod. 1999;60:428-

34. 

30. Asmaa BA, Manal AH. IFN-γ versus IL-10 in 

situ expression in recurrent spontaneous 

abortion. IRAQI J MED SCI. 2009;7: 21-29.  

31. Vailhé B, Dietl J, Kapp M et al. Increased 

blood vessel density in decidua parietalis is 

associated with spontaneous human first 

trimester abortion. Hum Reprod. 1999;14: 

6:1628-34. 

 

 

 

 

235 



 

 
 
 
 
 

   THE IRAQI POSTGRADUATE MEDICAL JOURNAL                                                                          VOL.10, NO.2, 2011 
 

RECURRENT SPONTANEOUS ABORTION 
 

 

32. Piccinni MP, Beloni L and Livi C. Defective 

production of both leukemia inhibitory factor 

and type 2 T helper cytokines by decidual T 

cells in unexplained recurrent abortions. 

Nature Med. 1998;4: 1020-24. 

33. Vives A, Balasch J, Yague J et al. Type 1 and 

Type 2 cytokines in human decidual tissue and 

trophoblasts from normal and abnormal 

pregnancies detected by RT-PCR. Am J 

Reprod Immunol. 1999;42: 361-68. 

34. Chaouat G, Menu E, Clark DA et al. Control 

of fetal survival in CBA X DBA/2 mice by 

lymphokine therapy. J Reprod Fertil. 1990; 

89: 447-55. 

35. Berkowitz R, Hill JA, Kurtz CB and Anderson 

DJ. Effects of products of activated leukocytes 

(lymphokines and monokines) on growth of 

malignant trophoblast cells in vitro. Am J 

Obstet Gynecol. 1988;151: 199-203. 

36. Yui J, Garcia M, Wegmann TG and Guilbert 

LJ. Cytotoxicity of tumour necrosis factor-

alpha and gamma-interferon against primary 

human placental trophoblasts. Placenta. 

1994;15: 819-35. 

37. Gendron RL and Baines M. 

Immunohistological analysis of decidual 

natural killer cells during spontaneous 

abortions in mice. Cell Immunol. 1988;113: 

261-67. 

38. Kinsky R, Delage G and Rosin M. A murine 

model of NK cell mediated resorption. Am J 

Reprod Immunol. 1990; 23: 73-77. 

39. Somigliana E, Vigano B and Vignali M. 

Endomateriosis and unexplained recurrent 

spontaneous abortion: pathological states 

resulting from aberrant modulation of NK cell 

function? Hum Reprod Update. 1999; 5: 40-

51. 

40. Baines MG, Duclos AJ, Antecka E and 

Haddad E. Decidual infiltration and activation 

of macrophages leads to early embryo loss. Am 

J Reprod Immunol. 1997; 37: 471-77. 

41. Haddad EK, Duclos AJ and Baines M. Early 

embryo loss is associated with local 

production of nitric oxide by decidual 

mononuclear cells. J Exp Med. 

1995;185:1143-51. 

42. Krishnan L, Guilbert LJ and Wegmann TG. T 

helper 1 response against Leishmania major in 

pregnant C57BL6 mice increases implantation 

failure and fetal resorptions. J Immunol. 

1996;156: 653-62. 

 

 

 

43. Coulam CB. Early Pregnancy. Biology and 

Medicine. Understanding the immunobiology 

of pregnancy and applying it to treatment of 

recurrent pregnancy loss. Hum Reprod. 2000; 

4: 19-29. 

44. Henninger DD, Pane AJA, Eppihimer M et al. 

Cytokine-induced VCAM-1 and ICAM-1 

expression in different organs of the mouse. J 

Immunol. 1997; 158: 1825-1832. 

45. Ozaki
 
H, Ishii K, Horiuchi H et al. Cutting 

edge: combined treatment of TNF-α and IFN-γ 

causes redistribution of junctional Adhesion 

molecule in human endothelial cells. The 

Journal of Immunology. 1999; 163: 553-57. 

46. Terry RW, Kwee L, Levine JF et al. Cytokine 

induction of an alternatively spliced murine 

VCAM-1 mRNA encoding 

glycosylphosphatidyl-inositol-anchored 

VCAM protein. Proc Natl Acad Sci. USA. 

1993; 90: 5919-23. 

47. Jiang R, Teng Y, Huang Y et al. Protein 

Kinase C-α Activation Induces NF-ĸB-

Dependent VCAM-1 Expression in Cultured 

Human Umbilical Vein Endothelial Cells 

Treated with Sera from Preeclamptic Patients. 

Gynecol Obstet Invest. 2010;69:101-8. 

48. van Wetering S, van den Berk N, van Buul JD 

et al. VCAM-1-mediated Rac signaling 

controls endothelial cell-cell contacts and 

leukocyte transmigration. Am J Cell Physiol. 

2003; 285: 343-52. 

 

 

 

 

 

 

 

 

 

 

 

236 


