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IFN-γ VERSUS IL-10 IN SITU EXPRESSION IN RECURRENT
SPONTANEOUS ABORTION
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Abstract
Background: The possible immunological
bases of recurrent spontaneous abortion (RSA)
are still largely unknown, aberrant type 1
cytokine production; interferon-γ (IFNγ), and a
defective type 2 cytokine; Interleukin-10 (IL-
10) has been suggested to be related to the
incidence of unexplained RSA.
Objective: To study the relation between the in
situ expression of IFNγ and IL-10 in women
with recurrent spontaneous abortion.
Materials 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 detect and
determine the in situ expression of IFN-γ and
IL-10.

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), while IL-10 expression was
significantly lower in women with RSA as
compared with first abortion group (p=0.005),
and the ratio of IFN-γ/IL-10 was 1.97 in
women with recurrent abortion, while that of
normal pregnant and first abortion groups were
0.67 and 0.73 respectively.
Conclusion: The data of this study
strengthened the possibility that type-1
immune response may have the upper hand in
the pathology of RSA in association with
reduction in the type-2 immune response.
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Introduction
Human pregnancy represents a

semi-allograft to the maternal host. It is
very interesting that the semi-
allogeneic embryo/fetus is not rejected
by the mother (1). T helper (Th1)-
dependant effector mechanisms such
as cytotoxic T lymphocytes (CTL)
activity play a central role in acute
allograft rejection (2). The production
of Th2-type cytokines or regulatory
cytokines such as TGF-β and IL-10
may be central to the induction and
maintenance of allograft tolerance (2, 3).
So that, the physiological protection
from maternal rejection, was
hypothesized to be due to a Th2-type
response at the materno-fetal interface
(4, 5).
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IL-10 was proposed to be a factor
that might protect the semi-allogeneic
fetus from maternal allo-recognition
and rejection by driving the maternal
(both local and systemic) immune
reaction toward a Th2-type immune
response (6,7), IL-10 is believed to play
a major role in directing Th0 cell
differentiation toward a Th2 phenotype
(8,9). IL-10 inhibits pro-inflammatory
cytokines production including IL-1β,
IL-6, IL-8, TNF-α and IFN-γ (10-12),
therefore prevents the development of
Th1-type immune reactions deleterious
for the maintenance of pregnancy (5-13).

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 (14). This finding was also
supported by other reporters (15-19).
Th1-type cytokines (IL-2, TNF-α, IFN-
γ) can boost, and Th2-type cytokines
(IL-3, IL-4, IL-10) can reduce abortion
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rate in mice (20). 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 (21).

Pro-inflammatory cytokines such
as IL-1, TNF-α and INF-γ collaborate
to activate procoagulant expression in
endothelial cells that are in direct
contact with maternal blood.
Prothrombin is converted to thrombin;
thrombin then catalyzes generation of
fibrin and activates IL-8 secretion by
endothelial cells. IL-8 recruits
polymorphonuclear leukocytes
(PMNs) which kill endothelium that
has been activated by IL-1, TNF-α and
INF-γ (22). The end result of unchecked
thrombin production is clot formation
occluding blood supply to the embryo
leading to its death (23). The
procoagulant stimulated by these
cytokines, which is responsible for
prothrombinase activity in abortions,
has been identified as the
prothrombinase called fibroleukin gene
(fg) l2 (21-24). The fgl2 is present in both
decidua and trophoblasts of aborted but
not control tissue (23). Clotting initiated
by fg12 is known to lead to ischemic
damage in a variety of inflammatory
disease models such as hepatitis and
endotoxic shock (25).
Patients and Methods

Patients were collected from Al-
Kadhimya and Al-Ulwiya teaching
hospitals in Baghdad in the year 2004,
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, cytomegalovirus 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 probes
were biotin-labeled DNA probes for
human IFN-γ (249 bp), and human IL-
10 (223bp), (Maxim Biotech, Inc.,
USA).

Tissue sections were
deparaffinized in xylene for 5 minutes
and rehydrated through a series of
ethanol dilutions. After digestion with
1X proteinase K at 37°C for 15
minutes, the sections were quickly
dehydrated in ethanol. Hybridization
was carried out by applying 10 μl
hybridization mixture (0.8 μl of heat
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denatured biotin-labeled DNA probe
diluted in 9.2 μl hybridization solution)
per slide. After overnight incubation,
the slides were soaked for 10 minutes
in 1X detergent wash at 37°C,
followed by RNase A treatment at
37°C for 30 minutes, and then the
slides were washed for 5 minutes in 1X
protein blocking buffer. 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. (Poor tissue
quality or target RNA degradation may
give false negative results or poor
signal. This could be verified by using
a probe to an abundant RNA target like
the probe of a housekeeping gene
which is a sequence or gene product
that is constitutively expressed in most
tissue types such as actin or tubulin.
The specificity of the ISH signal was
assessed by: 1) RNase A treatment of
the tissue sections for 2 hours at 37 °C,
before the in situ hybridization, and 2)
omission of the probe in the
hybridization mixture).
Evaluation of ISH signal: The
expression of IFN-γ and IL-10 mRNAs
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 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.
The scorer was blinded to the clinical
diagnosis of the tissues at the time of
assessment, and tissues were
independently assessed by two
observers, and as advised by Hennessy
(Personal communication, 2004). For
more details, refer to the In situ
hybridization procedure and signal
evaluation in references (26-27).
Statistics:
ANOVA test was used to determine
the difference in the in situ expression
of IFN-γ or IL-10 among the three
groups and in between each two
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 (26).
Results

The expression of IFN-γ and IL-10
was detected by ISH technique,
(Tables 1 and 2) show the percentages
of IFN-γ and IL-10 in situ expression
respectively in the villus trophoblasts
in terms of mean ± SE, median,
minimum and maximum values of the
three groups. (Table 3) shows the
difference in the expression of IFN-γ 
and IL-10 among the three groups and
within the groups using ANOVA
analysis.

The study demonstrated no
significant correlation between IFN-γ 
and IL-10 (p =0.23, r=0.23), however,
the ratio of IFN-γ/IL-10 was 1.97 in
women with recurrent abortion, while
that of normal pregnant and first
abortion groups were 0.67 and 0.73 in
an order.

The expression of IFN-γ and IL-10
was heterogenous blue-black nuclear
staining, involving both decidual and
trophoblastic cells, as shown in (Figure
1).
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Table 1: The expression of IFN-γ among the studied groups

IFN-γ n Mean ± S.E.ψ Median
Minimal
Value

Maximal
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 IL-10 among the studied groups

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

Maximal
Value

Group 1 24 39.96 ± 5.85 59.8 26.2 93.3
Group 2 10 69.2 ± 2.99 62.5 45 80
Group 3 6 62.42 ± 7.1 67.5 45 90

Ψ Standard error

Table 3: The significance of difference in the expression of IFN-γ and IL-10
between groups

Groups

p
Value

IFN-γ IL-10

Among the groups 0.000 0.003
Between group 1 and 2 0.002 0.005
Between group 1 and 3 0.000 0.131
Between group 2 and 3 0.645 1.000
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Figure (1) Detection of IFNγ and IL-10 in patients with abortion by in situ hybridization. Staining of IFNγ 
and IL-10 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) Another case with RSA
demonstrates IFNγ positive reactive lymphocytes and nutrophils within the tissue (arrowhead). (D) Positive control
(housekeeping gene) probe. (E) And (G) hybridization in serial sections (patient had elective termination of
pregnancy) in the presence of the IL-10 probe (E), and omission of the probe (G), as IL-10 positive and negative
controls respectively. (F) Higher magnification of (E) demonstrates IL-10 staining near blood vessels. (H) Patient
with RSA shows IL-10 expression. Magnification power of A, E, G, H (X100), B, D, F (X400), and C (X1000).
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Discussion
The current study demonstrated

that the in situ expression of IFN-γ is
significantly higher in women with
RSA as compared with that of normal
pregnant or women with first abortion
and a part from the causes of this
significant increase in the in situ
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 (14) 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
(15, 17, 19). This was mirrored by the
situation at the materno-fetal interface
shown by other studies (28, 29).

On the other hand, this study
showed a significantly higher
expression of IL-10 in normal pregnant
women in comparison with that of
women with RSA which is in
consistence with a previous study
showed that IL-10 production was
significantly lower in patients with
recurrent miscarriage as compared
with normal pregnancy (16), but the data
presented by that study reflected events
related to maternal blood cells in the
periphery and not to the placenta itself
as events at the materno-fetal interface
are more representative as shown by
the study of Piccinni and colleagues
(28) who examined T cell clones
generated from T cell infiltrating the
deciduas, and found significantly
decreased concentrations of IL-10 in

women with recurrent abortion which
is also in agreement with the results of
our study. This significantly lower IL-
10 expression could be attributed to
defect in Th2 and Tc2 cells at the
materno-fetal interface or to the
accumulation failure of Th2 cells at the
implantation site in women with
recurrent abortion (30, 31).

The higher level of IL-10 in
women with elective pregnancy
termination or first abortion in this
study might be due to the progressive
increase of progesterone and estrogens
which reach high levels during
pregnancy, at these high levels, they
suppress the Th1- and stimulate Th2-
mediated immunological responses (32,

33). For the same reason Th1-mediated
diseases like rheumatoid arthritis, tend
to improve, and Th2-mediated
diseases, like systemic lupus
erythematosus (SLE), tend to worsen
during pregnancy (34, 35).

This study demonstrated that IFN-
γ was expressed in lower levels in
women with first abortion and those
with elective termination of pregnancy
which could be explained by previous
studies showing that the pro-
inflammatory cytokines act
physiologically in normal pregnancy
and high levels may cause recurrent
miscarriage, it was found
experimentally that very low
concentrations of IFN-γ are required
for full maturation of uterine natural
killer cells which may be equally
achieved by administration of 1 iu per
implantation site (36,37). Although we
can not convert our findings to the
corresponding values in these studies,
still our results are in line with the
findings given by these studies.

There are many confounding
studies held the notion on the balance
of Th1 and Th2 cells at the
implantation site, expressing them as a
ratio of Th1/Th2 cytokines, so that,



IFN-γ versus IL-10 in recurrent abortion… Asmaa’ B. Al-Obaidi.etal

Iraqi Journal of Medical Sciences 27

another dimension was added to the
results of this study when it examined
the ratio of IFN-γ/IL-10 in women
with RSA which was 1.97 and about
three times that of women with first
abortion which lends further support to
the findings of our study as it was in
consistence with the previous studies
(1,14,16,18).

Although this study showed that
the expression of the Type 1 cytokine
(IFN-γ) in women with recurrent
miscarriage was significantly higher
than that of normal pregnancy or first
abortion groups, the current study, like
many of the studies on human
pregnancy failure, has not addressed a
direct cause-and-effect relationship
between Th1-type reactivity and
pregnancy loss. However, there are
many evidences support this
suggestion such as, the administration
of one of the Th1 cytokines like IFN-γ,
TNF-α or IL-2 to normal pregnant
mice causes abortion (38). IFN-γ and
TNF-α inhibit the proliferation of
human trophoblast cells in vitro (39)
and are toxic to human trophoblast
cells (40). Uterine resorption sites in a
murine model of recurrent abortion
were infiltrated by NK cells (41); 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 (42). 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 (43).
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