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RECURRENT PREGNANCY LOSS
Alteration of TH1 and TH2 cells by intracellular
cytokine detection in patients with unexplained
recurrent abortion before and after immunotherapy
with the husband’s mononuclear cells
Tomokazu Yokoo, M.D., Koichi Takakuwa, M.D., Izumi Ooki, M.D., Akira Kikuchi, M.D.,
Masaki Tamura, M.D., and Kenichi Tanaka, M.D.

Department of Obstetrics and Gynecology, Niigata University School of Medicine, 1-757, Asahimachi-dori, Niigata, Japan

Objective: To elucidate the possible mechanisms of immunotherapy for unexplained recurrent aborters using their
husband’s mononuclear cells.
Design: Prospective clinical study.
Setting: Institutional practice at the Outpatient Clinic for Infertility, Niigata University Medical Hospital.
Patient(s): Fifty-two unexplained recurrent aborters were chosen as an experimental group.
Intervention(s): Each patient was injected with her husband’s mononuclear cells as immunotherapy. Peripheral
blood was obtained from the patients.
Main Outcome Measure(s): The percentage of CD4-positive cells, TH1 cells, TH2 cells, and the TH1/TH2 ratio
were analyzed in the patients before and after immunotherapy. The same analyses were performed in the
successful and the unsuccessful group.
Result(s): To date, 42 of the 52 patients have become newly pregnant. Of the 42, 34 patients have already
delivered (successful group) and 3 are now pregnant, while the remaining 8 cases experienced repeated abortion
(unsuccessful group). The percentage of TH2 cells significantly increased in the total patient population, while
the TH1/TH2 ratio significantly decreased in the total patient population and in the successful group.
Conclusion(s): These findings suggest that immunotherapy with the husband’s mononuclear cells for unexplained
recurrent abortion induces a dominant state of TH2 cells in the patients. (Fertil Steril� 2006;85:1452–8. ©2006
by American Society for Reproductive Medicine.)
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he observation that the human fetus or feto-placental unit is
semiallograft and thus antigenically foreign to the mother,
et does not undergo maternal immune rejection in normal
regnancy, was first made just a half century ago (1). How-
ver, successful human pregnancy remains an immunologic
nigma, and our understanding of its pathologic manifesta-
ions is limited.

It has recently been found that the production of a diversity
f cytokines by maternal immune-competent cells in the decid-
al tissues promotes the growth of trophoblastic cells, and a
hift to TH2-related humoral immunity from TH1-driven, cell-
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ediated immunity was suggested to be beneficial for immu-
ologically successful continuation of pregnancy (2–9).

On the contrary, the lack of such an appropriate immune
eaction is considered to cause recurrent spontaneous abor-
ion, especially unexplained recurrent spontaneous abortion
10, 11).

Some investigators, including ourselves, demonstrated the
ossible efficacy of immunotherapy for unexplained recur-
ent aborters using paternal mononuclear cells (12–19).

The immunotherapy mechanisms have not yet been fully
lucidated, but it is possible that immunotherapy will give
ise to a TH1/TH2 balance in patients with unexplained
ecurrent abortion who undergo immunotherapy.

To date, however, the association between immunother-
py and the TH1/TH2 balance has not yet been fully eluci-
ated. In this context, we analyzed the alteration in the

H1/TH2 balance in a patient population of unexplained
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ecurrent aborters who underwent immunotherapy to eluci-
ate the possible immunotherapy mechanisms.

ATERIALS AND METHODS
ifty-two unexplained recurrent aborters who had sustained

hree or more consecutive first-trimester spontaneous abor-
ions were chosen as an experimental group. The age of the
atients ranged from 23 to 45 with a mean of 32.0 years old.

All of them had experienced three or more consecutive
onfirmed first trimester spontaneous abortions with one
artner. None of the participants had any genetic impair-
ent, Mullerian anomaly, hormonal deficiency, infectious

isease, metabolic disorder, or autoimmune abnormalities,
uch as positive antiphospholipid antibodies or lupus antico-
gulant, in our systemic work-up.

In addition, tests for thrombophilic status, such as protein
activity, protein S activity, and thrombin-anti-thrombin III

omplex, were routinely performed for all patients.

All patients were healthy except for their history of recur-
ent abortions, and were negative for blocking antibodies,
dentified by a one-way mixed lymphocyte culture reaction
responder: patient; stimulator: husband), in their sera. Each
atient was injected with her husband’s mononuclear cells
ith informed consent.

The percentage of CD4-positive cells, TH1 cells, TH2
ells, and the TH1/TH2 ratio was compared before and after
mmunotherapy in the total patient populations, in the pa-
ients whose pregnancies continued successfully after immu-
otherapy (successful group), and in the patients whose
regnancies had resulted in repeated abortion (unsuccessful
roup). Institutional Review Board approval was obtained
efore the studies.

mmunotherapy Procedure Using the Husband’s
ononuclear Cells
etails of the immunotherapy procedure were described

lsewhere (15, 16, 18, 20). Mononuclear cells from about
00 mL of heparinized peripheral blood of the husband,
rradiated with 30 Grey of X-rays to prevent any graft-
ersus-host (GVH) reaction, were suspended in approxi-
ately 1 mL of normal physiological saline solution. This

ell suspension was intradermally injected into the patients
fter obtaining informed consent. After the appearance of
ixed lymphocyte culture reaction-blocking antibodies

MLR-BAbs) in patients’ sera following a series of two or
ore injections 1 month apart, the patients were allowed to

ecome pregnant.

To date, a significant level of MLR-BAbs has been de-
ected after a series of the injections in all patients. Analyses
f CD4 positive cells, TH1 cells, and TH2 cells were per-
ormed just after the last abortion as preimmunotherapy
ests, and were also performed about 4 weeks after the last

njection as postimmunotherapy tests. S

ertility and Sterility�
ixed Lymphocyte Culture Reaction-Blocking Assay
he blocking effect of sera was investigated in a one-way
LR between spouses. Lymphocytes were collected from

eparinized blood via Ficoll-Hypaque gradient centrifuga-
ion. Mixed culturing of mitomycin C-treated stimulator
ells of the husband and responder cells of the patient was
erformed in a microtiter plate in Roswell Park Memorial
nstitute (RPMI) 1640 containing either pooled human AB
blood type of AB) serum or tested serum for 6 days. The
ultured cells were harvested onto a glass fiber filter after a
ulse time of 18 hours with 3H-thymidine. The DNA syn-
hesis was evaluated by liquid scintillation counting, and the
locking effect (BE) was calculated by the formula:

BE � (1-meancpm of culture in tested serum ⁄

mean cpm of culture in AB serum) � 100 (%)

The significant level of the MLR-blocking effect was deter-
ined to be more than 22%, which was designated as positive

or MLR-BAbs, as previously reported (15, 16, 18, 20).

nalyses of CD4-Positive Cells
ne hundred microliters of whole blood collected from
atients were incubated with 10 �L of appropriately titered
uorescein isothiocyanate (FITC)-conjugated anti-CD4 an-

ibody (NU-TH/I-FITC, Nichirei, Japan) in an ice bath for 30
inutes, then treated with 2 mL of a lysing agent (0.83%

mmonium chloride) for 10 minutes at room temperature.

The pellet was washed once in phosphate-buffered saline
PBS), and the cells were then diluted to a final volume of 2
L in PBS. The antibody-reacted cells were analyzed with a
lowcytometer (Ortho Clinical Diagnostics, Raritan, NJ).

nalyses of the TH1 and TH2 Cells
ells with TH1 and TH2 were determined by detecting the

ntracellular interferon (IFN)-gamma and IL-4 production
21–23).

Peripheral heparinized venous blood cells were washed
hree times in Hanks’ balanced salt solution and resuspended
n RPMI 1640 supplemented with 10% fetal calf serum
FCS), 50 U/mL of penicillin, and 50 �g/mL of streptomy-
in. After 2 hours’ cultivation in a culture dish, nonadherent
ells were collected and stimulated with 25 ng/mL of phorbol-
2-myristate-13-acetate and 1 �mol/l of ionomysin in the
resence of 10 �g/mL of brefeldin A (Sigma, St. Louis, MO)
or 4 hours at 37°C with 7% CO2 in RPMI 1640 supple-
ented with FCS.

Peridininchlorophyll protein (PerCP)-conjugated anti-CD4
nd PerCP-conjugated antimouse immunoglobulin G1
IgG1) were used to analyze cell surface antigens. The
ITC-conjugated IFN-gamma and phycoerythrin (PE)-
onjugated anti-IL-4 (Becton Dickinson Immunocytometry

ystems [BDIS], Mountain View, CA) were used to analyze

1453
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ntracellular cytokines. The FITC-conjugated IgG2a and PE-
onjugated IgG1 antibodies were used as control antibodies.

An anti-CD4-PerCP antibody was added to the lymphocytes
nd they were incubated for 15 minutes at room temperature.
hen, the cells were washed with PBS with 0.1% bovine serum
lbumin. The cell pellet was fixed with lysing solution (BDIS)
nd permeability was achieved with a permeabilizing solution
BDIS) according to the manufacturer’s instructions. Anti-IFN-
amma FITC and anti-IL-4 PE were added, and incubation was
erformed for 30 minutes at room temperature. For control
amples, FITC-conjugated IgG2a and PE-conjugated IgG1 an-
ibodies were used in the same reaction.

The samples were analyzed on a FACScan (BDIS) using
ell Quest Software (BDIS). Dead cells and monocytes were
xcluded from lymphocytes initially by side scatter gating
nd then by forward scatter gating. Cell populations were
efined as follows: TH1: IFN-gamma-positive and IL-4-
egative; TH2: IFN-gamma negative and IL-4 positive.

TATISTICAL ANALYSES
paired t-test was used to analyze the significance of the

ifference in the percentage of CD4-positive cells, TH1
ells, TH2 cells, and the TH1/TH2 ratio before and after
mmunotherapy.

ESULTS
he mean percentage of CD4-positive cells in the total
atient population with unexplained recurrent abortion be-
ore immunotherapy was 44.6% � 7.29%, and the mean
ercentage after immunotherapy was 43.7% � 7.70%. The
ean percentage of TH1 cells in all patients with unex-

lained recurrent abortion before immunotherapy was 21.4%
7.88%, and the mean percentage after immunotherapy

as 21.0% � 5.97%.

Thus, the percentages of CD4-positive cells and TH1 cells
ere not significantly different before and after immunother-

py in this population.

The mean percentage of TH2 cells in patients with unex-
lained recurrent abortion before immunotherapy was 1.78%

0.82%, and the mean percentage after immunotherapy
as 2.03% � 0.71% (Fig. 1). Thus, the percentage of TH2

ells significantly increased after immunotherapy compared
ith that before immunotherapy (P�.012, paired t-test).

The mean of TH1/TH2 ratio in patients before immuno-
herapy was 14.0 � 7.21, and that after immunotherapy was
1.7 � 5.26 (Fig. 2); therefore, the mean TH1/TH2 ratio
ignificantly decreased after immunotherapy compared with
hat before immunotherapy (P�.002, paired t-test).

To date, 42 of the 52 patients have become newly preg-
ant. Of the 42, the pregnancy continued in 34 patients
81.0%), while the remaining 8 cases experienced repeated

bortion (unsuccessful group). Of the 34 patients in whom m

1454 Yokoo et al. Immunotherapy and TH1/TH2
he pregnancy continued, 31 have already delivered babies,
nd the remaining 3 are now pregnant (their gestational
eeks [Gw] are 29, 22, and 17, respectively).

Twenty-eight patients of 31 experienced term delivery,
nd 3 experienced preterm delivery (1 of them was singleton
elivery at the 36th Gw, 1 was a twin delivery at the 36th
w, and the remaining 1 was a singleton delivery at the 34th
w). All infants born to the patients displayed an uneventful
eonatal course. We named the patients who had already
xperienced delivery the “successful group” (n � 31).

The mean percentage of CD4-positive cells in the successful
roup before immunotherapy was 42.6% � 6.13%, and the
ean percentage after immunotherapy was 42.6% � 7.00%,
hereas the mean percentage of TH1 cells in the successful
roup before immunotherapy was 23.1% � 7.70%, and the

FIGURE 1

The change in the mean percentage of TH2 cells
in the total patient population before
immunotherapy (1.78% � 0.82%) and after
immunotherapy (2.03% � 0.71%). The percentage
of TH2 cells significantly increased after
immunotherapy compared with that before
immunotherapy (P�.012, paired t-test).

Yokoo. Immunotherapy and TH1/TH2. Fertil Steril 2006.
ean percentage after immunotherapy was 22.1% � 5.15%.

Vol. 85, No. 5, May 2006



b
c
(
a
a

i
r
t
n
�

f
m
w

u
a
w

g
m
�
g
m
(

c
b
g

D
I
C

F

The mean percentage of TH2 cells in the successful group
efore immunotherapy was 1.81 � 0.75%, and the mean per-
entage of TH2 cells after immunotherapy was 2.01 � 0.75%
Fig. 3). Thus, the percentages of CD4 positive cells, TH1 cells,
nd TH2 cells were not significantly different between before
nd after immunotherapy in the successful group.

The mean TH1/TH2 ratio in the successful group before
mmunotherapy was 14.5 � 6.74, and the mean TH1/TH2
atio after immunotherapy was 12.6 � 5.57 (Fig. 4). Thus,
he mean TH1/TH2 ratio significantly decreased after immu-
otherapy compared with that before immunotherapy (P
.018, paired t-test).

The mean percentage of CD4-positive cells in the unsuccess-
ul group before immunotherapy was 46.7 � 7.11%, and the
ean percentage of CD4-positive cells after immunotherapy

FIGURE 2

The change in the TH1/TH2 ratio in the total
patient population before immunotherapy (14.0
� 7.21) and after immunotherapy (11.7 � 5.26).
The mean TH1/TH2 ratio significantly decreased
after immunotherapy compared with that before
the immunotherapy (P�.002, paired t-test).

Yokoo. Immunotherapy and TH1/TH2. Fertil Steril 2006.
as 44.0 � 5.34%. The mean percentage of TH1 cells in the

ertility and Sterility�
nsuccessful group before immunotherapy was 17.5 � 7.24%,
nd the mean percentage of TH1 cells after immunotherapy
as 18.4 � 7.82%.

The mean percentage of TH2 cells in the unsuccessful
roup before immunotherapy was 1.46 � 0.99%, and the
ean percentage of TH2 cells after immunotherapy was 1.76
0.82%. The mean TH1/TH2 ratio in the unsuccessful

roup before immunotherapy was 16.0 � 11.0, and the
ean TH1/TH2 ratio after immunotherapy was 11.5 � 4.9

Fig. 5).

The percentages of CD4-positive cells, TH1 cells, TH2
ells, and the TH1/TH2 ratio were not significantly different
etween before and after immunotherapy in the unsuccessful
roup (paired t-test).

ISCUSSION
n this study, we analyzed the changes in the percentage of
D4-positive cells, TH1 cells, TH2 cells, and the TH1/TH2

FIGURE 3

The change in the percentage of TH2 cells in
successful group before immunotherapy (1.81%
� 0.75%) and after immunotherapy (2.01%
� 0.75%). No significant difference was observed
between before and after immunotherapy.
Yokoo. Immunotherapy and TH1/TH2. Fertil Steril 2006.

1455



r
a
c
i

c
p
c
a
w

t
m
t

f

w
t
t
s
u
r

i
c
i
a
e

m
s

c

atio in patients with unexplained recurrent abortions before
nd after immunotherapy with the husband’s mononuclear
ells. The changes were also analyzed in a successfully
mmunized group and an unsuccessful group.

It was observed that the percentage of TH2 cells signifi-
antly increased with immunotherapy in the total patient
opulation, and that the TH1/TH2 ratio significantly de-
reased with immunotherapy in the total patient population
nd in the successful group, although no significant change
as observed in the unsuccessful group.

As antigens expressed on the surface of fetal or placental
issues possibly induce the alloimmune response of the
other, there appear to be certain immunologic mechanisms

hat sustain the continuation of normal pregnancy.

Progress in understanding the immunologic mechanisms

FIGURE 4

The change in the TH1/TH2 ratio in successful
group before immunotherapy (14.5 � 6.74) and
after immunotherapy (12.6 � 5.57). The mean
TH1/TH2 ratio in the successful group significantly
decreased after immunotherapy compared with
that before immunotherapy (P�.018, paired t-test).

Yokoo. Immunotherapy and TH1/TH2. Fertil Steril 2006.
or continuation of pregnancy has been made in studies of

1456 Yokoo et al. Immunotherapy and TH1/TH2
omen with unexplained recurrent abortion over the past
hree decades. That is, several investigators have reported
he existence of immunologically explainable recurrent
pontaneous aborters, and immunotherapy for these patients
sing their husbands’ or a third party’s leukocytes has been
eported by several authors, including ourselves (12–19).

The results of some case-controlled immunotherapy stud-
es on recurrent spontaneous abortions indicate that the out-
ome of subsequent pregnancies is significantly improved by
njection of paternal lymphocytes, as compared with that
fter injection of autologous cells (12, 13, 19), although Ober
t al. reported the ineffectiveness of this treatment (24).

A worldwide meta-analysis study has concluded that im-
unization may be highly effective, although only for a

mall number of patients who have the indication (25).

Although immunotherapy is considered possibly effica-
ious, the underlying mechanisms have not yet been fully

FIGURE 5

The change in the TH1/TH2 ratio in the
unsuccessful group before immunotherapy (16.0
� 11.0) and that after immunotherapy (11.5 � 4.9).
No significant difference was observed between
before and after immunotherapy.
Yokoo. Immunotherapy and TH1/TH2. Fertil Steril 2006.

Vol. 85, No. 5, May 2006
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lucidated. Several investigators reported the production of
locking antibodies in a patient’s serum, which inhibited the
esponse of autologous lymphocytes to transfused paternal
ymphocytes (14, 17, 19).

We reported that patients with negative MLR-BAbs ben-
fited from immunotherapy with the husband’s lymphocytes
n both unexplained primary recurrent abortions (15) and
econdary recurrent abortions (16), and also that significant
LR-BAbs were induced in almost all patients who under-
ent immunotherapy with their husband’s lymphocytes (15,
6, 18, 20).

Concerning the changes in cellular immunity before and
fter immunotherapy, we previously reported that a signifi-
ant decrease in the CD4/CD8 ratio was observed in immu-
ized patients mainly because of an increase in the CD8
ubpopulation (26).

In this study, we analyzed the alterations in the CD4 cell
opulation, and no significant change was observed in im-
unized patients, which is the same tendency as the

revious report. On the other hand, Miki et al. reported
hat immunotherapy had no influence on natural killer
eceptor status (27).

As one of the important mechanisms which immunolog-
cally sustain pregnancy, Wegmann et al. proposed immu-
otrophic theory (2, 3), whereby some cytokines produced
y maternal cells, which recognize fetal antigens, promote
he proliferation of trophoblastic cells and sustain pregnancy
ontinuation.

Following this theory, the “TH1/TH2 paradigms” theory
as proposed. TH1 and TH2 cells are the major subsets of

ully differentiated CD4-positive T cells, and their distinc-
ive functions in immune responses correlate with their dis-
inctive cytokine secretion patterns (28).

In this theory, a TH2 cell bias against TH1 cells is im-
ortant for normal pregnancy, indicating the crucial role of
he activation of maternal humoral immunity following rec-
gnition of fetal antigens during pregnancy (4–9).

Regarding the TH1/TH2 balance in patients with recurrent
bortion, Hill first reported increased TH1 cytokine produc-
ion by peripheral lymphocytes exposed to JEG3 choriocar-
inoma stimulation (10). Lim et al. reported that levels of
H1 cytokines were significantly higher in women with

ecurrent abortions compared with normal controls (11).

In this context, it is possible that immunotherapy affects
he TH1 cell and TH2 cell balance in immunized patients.
ayakawa et al. reported that a significant decrease in TH1

ells, a significant increase in TH2 cells, and a significant
ecrease in the TH1/TH2 ratio was observed in 12 patients
ith recurrent abortion after immunotherapy (29).

In this study, we increased the number of patients with
nexplained recurrent abortion and analyzed the alterations

n CD 4-positive cells, TH1 cells, and TH2 cells.

ertility and Sterility�
A significant increase in TH2 cells and a significant de-
rease in the TH1/TH2 ratio were observed in the total
mmunized population, although no significant change could
e observed concerning TH1 cells.

Moreover, we analyzed the alterations in TH1 cells, TH2
ells, and the TH1/TH2 ratio both in a successful group and
n unsuccessful group; a significant decrease in the TH1/
H2 ratio was observed in the successful group, while no
ignificant change was observed in the unsuccessful group.

These data suggest that immunotherapy induces a pre-
ominant state of TH2 cells against TH1 cells, and that the
nduction of this predominant state might be correlated with
he successful continuation of pregnancy in patients with
nexplained recurrent abortion who undergo immunotherapy
ith their husband’s lymphocytes.

The number of patients in the unsuccessful group, how-
ver, was low (n � 8), and it has not yet been confirmed
hether the TH1/TH2 ratio was significantly changed in this
roup.

Moreover, pregnancy resulted in repeated abortion even in
atients with a decreased TH1/TH2 ratio (Fig. 5), and the
regnancy successfully continued even in the patients with
n increased TH1/TH2 ratio (Fig. 4).

The reason for this discrepancy is thought to be that the
mmunologically successful continuation of pregnancy can-
ot be explained only by the TH1/TH2 paradigm theory.

Further investigation with a larger patient population, as
ell as the studies to confirm the efficacy of immunotherapy,

s considered crucial to reach a definite conclusion.
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