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Abstract

The present study was conducted to evaluate the efficacy of paternal lymphocyte (PL) immunotherapy and its relation with the

development of mixed lymphocyte reaction blocking antibodies (MLR-Bf) and the success of pregnancy outcome in women with

recurrent spontaneous abortion (RSA). A total of 124 women with unknown causes of abortions was registered for

immunotherapy under double blind randomized trial by using the list of computer-generated numbers. Each 5� 106 autologous

lymphocyte (AL), third party lymphocyte (TPL) and PL was dissolved separately in 1 ml of sterile normal saline (NS). Each 1 ml

of cell suspension and neat NS was injected in women with RSA through intramuscular (250 Al), intradermal (250 Al),
subcutaneous (250 Al) and intravenous (250 Al) routes. All women participants with RSA received six identical immunizations at

the regular interval of 4 weeks, and were then screened for the development of MLR-Bf after the completion of immunization

course, and also at the first, second and third trimesters (12th, 24th and 36th weeks) of pregnancy. However, nonimmunizedMLR-

Bf positive women with RSA did not receive any kind of therapy (NT) and were used as one of the control group in the present

study. We have observed that PL-immunized women with RSA showed a significantly increased level of MLR-Bf (>30) and

pregnancy success (84%) as compared to those women with RSAwho received either AL (33%), TPL (31%), NS (25%) or those

who did not receive any kind of treatment (NT, 44%; P < 0.001). Our results indicated the importance of immunotherapy with PL

in women with RSA and also showed that MLR-Bf can be considered as one of the important factors for pregnancy improvement.
D 2004 Elsevier B.V. All rights reserved.
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1567-5769/$ - see front matter D 2004 Elsevier B.V. All rights reserved.

doi:10.1016/j.intimp.2004.01.001

* Corresponding author. Tel.: +1-5072541960; fax: +1-

5072844521.

E-mail addresses: pandey.manoj@mayo.edu (M.K. Pandey),

suraksha@sgpgi.ac.in (S. Agrawal).
300 pregnant women [1,2]. Recurrent spontaneous

abortion (RSA) can be defined as the occurrence of

three or more clinically detectable pregnancy failure

before 20 week of gestation from the last menstrual

period or less than 500 g of fetal body weight [3–5].

In the vast majority of the cases, the etiology is

unknown and several hypotheses have been proposed

on the basis of available data. These have varied from

genetic [6,7], anatomical [8–10], endocrine [11],
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placental anomalies [12–14], smoking and alcohol

consumption [15], exposure to environmental factors

such as lead, mercury, ethylene oxide and ionizing

radiations [16], to immunological factors [17–27].

RSA can be classified into primary RSA aborters

and secondary RSA aborters. Primary RSA aborters

are those who have lost all previous pregnancies and

have no live birth. Secondary RSA aborters are those

who have at least one successful pregnancy, irrespec-

tive of the number of pregnancy losses. Epidemiolog-

ical studies suggested that the risk of subsequent

pregnancy loss is approximately 24% after two clin-

ical pregnancy losses, 30% after three and 40% after

four consecutive spontaneous abortions [28,29].

There are evidences which revealed that immuno-

logical recognition of pregnancy is important for the

maintenance of gestation, and inadequate recognition

of fetal antigens might lead to abortion in women with

RSA [30,31]. Alloimmunity has been indicated in

several studies by showing an association of habitual

abortion with an increased sharing of human leukocyte

antigens (HLA) with the father that may prohibit the

production of antipaternal cytotoxic antibodies

(APCA), anti-idiotypic antibodies (Ab2) and mixed

lymphocyte reaction blocking antibodies (MLR-Bf) in

the mother. Paternal lymphocyte (PL) immunization is

an effective treatment for unexplained recurrent spon-

taneous abortions, as it was attributed to the production

of APCA [17,22,32–34], Ab2 [21,35,36] and MLR-Bf

[2,17,20,26,27,31,32,37–45] during pregnancy in

women with RSA. Some of the recent studies demon-

strated that PL immunotherapy significantly reduced

the overactivity of NK cells and Th-1 pattern of

cytokines in women with RSA [46–48]. However,

our earlier studies have shown that the efficacy of

lymphocyte immunotherapy was related to immune

response to allogenic lymphocytes [17,24]. We further

demonstrated that MLR-Bf developed during pregnan-

cy and alloimmunotherapy was IgG 3 in nature [26].

The purpose of this double-randomized trial was to

reconfirm the efficacy of immunization with PL as a

treatment for unknown causes of women with RSA.
2. Methods

A total of 124 women with RSA of unknown

causes was registered for PL immunotherapy under
double blind randomized trial. All of these women

were negative for abnormal karyotyping, serology for

toxoplasma, antiphospholipid antibodies, antinuclear

antibodies, antithyroid antibodies, antiendothelial cell

antibodies, glucose tolerance test, hysterosalpingo-

gram, thyroid function test, luteal phase plasma pro-

gesterone concentrations, pelvic USG and mixed

lymphocyte reaction blocking antibodies (MLR-Bf).

The details of the protocol approved by the ethical

committee of the institute were explained to all

eligible couples, and only those who gave written

informed consent were included in the study.

2.1. Double blind randomization of women with RSA

All women participants with RSA were enrolled

under double blind randomized trial by randomization

in groups of four using a computer-generated list of

random numbers. This trial was carried out in which

neither the patient, the treating doctors, nor the staff in

Medical Genetics of SGPGIMS, Lucknow, with

whom the patients dealt, were aware of the source

of the therapy the patient received. To keep it blind,

blood was collected from both the male and female

partner of RSA couples in all cases. A successful

pregnancy was considered to be a live birth.

2.2. Immunization protocol

Twenty milliliters of peripheral blood was obtained

from each member of the RSA couples and unrelated

males (third party) on the basis of prerandomization.

Peripheral mononuclear cells were separated asepti-

cally on a Ficoll–Hypaque gradient and then incubat-

ed overnight at 37 jC and 5% CO2 atmosphere. Both

the T and B cells were purified from peripheral

mononuclear cells by using nylon wool columns,

and were used for immunotherapy in women with

RSA. For this purpose, each 5� 106 autologous

lymphocyte (AL), third party lymphocyte (TPL), or

PL was finally suspended in 1 ml of sterile normal

saline (NS), which was then equally distributed into

four doses of 0.25 ml each. Each dose (0.25 ml) of

cell suspension and neat sterile NS was injected

through intradermal (i.d.), intramuscular (i.m.), sub-

cutaneous (s.c.) and intravenous (i.v.) routes at four

separate sites on the forearms of women with RSA

under medical supervision. Immunization was repeat-



Table 1

Demographic profile of different groups of women with RSA who

participated in double blind randomized trial of paternal lymphocyte

immunotherapy

Different

groups of

women

with RSA

Different

therapies

Number

of women

with RSA

in each group

Age in years

(mean)

Number

of abortions

(mean)

1 AL 28 26.2 + 2.23 3.6 + 0.21

2 TPL 31 27.6 + 3.26 3.3 + 0.17

3 PL 32 25.92 + 0.65 3.4 + 0.32

4 NS 19 25.13 + 2.67 3.2 + 0.18

5 NT 14 27.96 + 3.89 3.6 + 0.27

AL= autologous lymphocytes, TPL= third party or unrelated male

lymphocytes, NS = sterile normal saline, NT= not received any

treatment or dropout patients, PL= paternal lymphocytes.
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ed at four weekly intervals up to a maximum of six

times, and was stopped when MLR-Bf titer of z 30

was achieved. Immunized women with RSA were

evaluated for the induction of MLR-Bf development

after the completion of immunization course and also

during each trimester (12th, 24th and 36th weeks) of

pregnancy. The male partner was tested for Rhesus

factor (Rh), hepatitis B surface antigen (HbsAg) and

human immunodeficiency virus (HIV) antibodies.

2.3. Mixed lymphocyte reaction (MLR)

The mixed lymphocyte reaction blocking antibody

(MLR-Bf) was investigated by one-way mixed lym-

phocyte reaction (MLR) with lymphocytes from RSA

couples and also against any other unrelated male

(TPL). Mixed culturing of gamma (2800 rads) irradi-

ated stimulator lymphocytes of the male partner or

unrelated male (TPL) and responder lymphocytes of

the women with RSA, was performed in round-

bottomed 96-well plates. Mixed culture was per-

formed by adding 1:1 ratio of each 1�105 cells of

stimulator and responder lymphocytes in RPMI 1640

which contained either pooled human AB serum or

tested serum in each triplicate. Plates were maintained

at 37 jC and 5% CO2 atmosphere. Proliferation was

measured at day 6. The cultured cells were harvested

on to a glass-fiber filter after a pulse time of 18 h with

thymidine(H3). DNA synthesis was measured by

liquid scintillation counting. The percentage (%) in-

hibition for evaluating the blocking effect of MLR-Bf

was calculated by the given formula. When the

percentage inhibition was >30 it was considered as

MLR-Bf positive

Percentage ð%Þ inhibition

¼mean CPM in control serum�mean CPM in test serum

mean CPM in control serum
�100

where CPM= count per minute.

2.4. Statistical analysis

Baseline differences between the treatment and

control groups were analyzed by means of analysis

of variance (ANOVA), whereas chi-square analysis

and P-value were corrected with the Bonferroni meth-

ods. The strength of the association was estimated by

calculating relative risk (RR) by the method of Woolf
and Haldane. The P-value < 0.001 was considered as

statistically significant.
3. Results

A total of 124 women with unknown causes of RSA

were registered under double blind randomized trial.

Development of MLR-Bf was taken as immunopoten-

tiating factor. Once these antibodies developed, women

were advised to conceive. These women with RSA

were divided into five groups. In group 1, 28 women

received AL. In control group 2, 31 women received

immunotherapy with TPL. In group 3, 32 women with

RSA received immunization with PL. In group 4, 19

women received treatment with sterile NS. Fourteen

women who were found to be positive for MLR-Bf

before receiving any therapy were not enrolled for any

further treatment (NT) and were considered as group 5.

Groups 1, 2, 4 and 5 were considered as control groups,

whereas only group 3 was considered as the study

group. All of 110 women who received AL, TPL, NS

and PL were advised to be followed-up for pregnancy

outcome. We also made a record of the natural preg-

nancy outcome in the remaining 14 women with RSA

who were found to be positive for MLR-Bf before

receiving any kind of therapy. The mean age and mean

number of abortions (Table 1) in women with RSA of

groups 1–5 were not significantly different (P>0.05).

All the women of groups 1, 2, 4 and 5 (92) who

received either AL (28), TPL (31), NS (19) or no

therapy at all (14) failed to develop a significant level



Table 2

MLR-Bf status and pregnancy outcome in paternal lymphocyte-immunized women with RSA under double blind randomized trial

RSA Nature, dose and Ix protocol Percentage inhibition (MLR-Bf) Pregnancy
patients no.

Before Ix After Six Ix During pregnancy
outcome status

12 wks 24 wks 36 wks

1 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

17.30 82.27 80.83 63.54 36.60 M (3440G)

2 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

12.66 69.35 A (7 weeks)

3 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

14.80 82.34 76.67 54.55 32.00 F (3281G)

4 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

21.75 75.39 72.00 25.00 24.67 M (2422G)

5 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

22.16 78.14 82.98 49.96 32.00 F (3477G)

6 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

15.87 89.16 66.63 51.26 40.87 Nil

7 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

17.35 83.56 77.96 27.00 39.40 M (3120G)

8 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

8.72 68.42 87.98 44.00 42.00 Nil

9 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

7.37 88.60 75.59 58.38 34.07 F (2330G)

10 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

9.61 86.28 83.89 71.03 45.64 M (2324G)

11 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

9.41 51.41 87.94 A (18 weeks)

12 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

10.02 89.41 71.24 57.74 26.94 F (2988G)

13 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

12.51 30.23 80.63 68.20 32.39 M (3368)

14 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

15.00 75.80 74.00 45.39 31.78 F (3240G)

15 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

10.25 72.00 82.67 A (14 weeks)

16 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

13.61 61.40 73.22 67.00 41.75 F (3431G)

17 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

11.90 69.06 55.00 63.74 32.60 Nil

18 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

14.08 69.91 88.89 25.43 29.66 M (2934G)

19 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

23.68 53.61 62.36 45.66 32.74 F (2810G)

20 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

19.59 55.78 23.95 63.89 44.67 F (2720G)

21 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

15.54 62.05 79.40 75.93 22.98 M (3679G)

22 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

26.56 65.50 55.55 54.44 34.74 Nil

23 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

14.55 70.69 60.00 A (18 weeks)

24 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

13.24 70.70 66.33 49.99 55.30 Nil

25 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

16.83 64.40 88.84 67.26 31.06 F (3660G)
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RSA Nature, dose and Ix protocol Percentage inhibition (MLR-Bf) Pregnancy
patients no.

Before Ix After Six Ix During pregnancy
outcome status

12 wks 24 wks 36 wks

26 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

10.02 59.80 42.36 45.78 23.82 M (2983G)

27 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

20.00 51.53 35.67 58.49 33.33 F (3264G)

28 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

18.56 63.44 78.93 34.78 30.84 Nil

29 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

17.69 59.41 23.94 61.20 41.67 F (3635G)

30 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

15.29 51.84 77.77 48.06 38.95 M (3177G)

31 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

16.83 31.14 68.35 42.56 32.00 Nil

32 5� 106 PL, 1/4 i.m., 1/4 i.d., 1/4 s.c., 1/4 i.v.,

6 identical, Ix was given at 4-week intervals

18.47 36.26 92.64 72.66 62.93 M (3228G)

PL = paternal lymphocytes, A= abortion, F = female, M=male, Ix = immunizations, G =weight in grams, wks = gestational age in weeks.

Table 2 (continued)
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(>30) of MLR-Bf. However, 48 of these 92 women

became pregnant, but only 16 (33%) gave birth to

normal healthy children and 32 (67%) were aborted
Fig. 1. AL = autologous lymphocytes, TPL = third party or unrelated ma

treatment or dropout patients, PL = paternal lymphocytes, CP = confirmed
again. However, 25 of 32 women with RSA of group 3,

who received immunization with PL, showed a signif-

icantly increased level of MLR-Bf (>30) and gave birth
le lymphocytes, NS = sterile normal saline, NT = not received any

pregnancy, B = live birth, SR = success rate in percentage (%).



Table 3

Double blind randomized trial of paternal lymphocyte immunother-

apy for women with RSA

Different

groups

of women

with RSA

Different

therapies

Number

of women

with RSA

in each

group

Confirmed

pregnancy

Live

births

Abortion Success

(%)

1 AL 28 12 4 8 33

2 TPL 31 19 6 13 31

3 PL 32 25 21 4 84

4 NS 19 8 2 6 25

5 NT 14 9 4 5 44

AL= autologous lymphocytes, TPL= third party or unrelated male

lymphocytes, NS = sterile normal saline, NT= not received any

treatment or dropout patients, PL= paternal lymphocyte, RSA=

recurrent spontaneous abortion, MLR-Bf =mixed lymphocytes

reaction blocking antibodies.
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to normal healthy babies (84%), whereas the remaining

7 women with RSAwho failed to develop appropriate

level of MLR-Bf ( < 30), aborted again (Table 2). Thus,

overall success rate of immunotherapy with PL was

84% as compared to AL (33%), TPL (31%), NS (25%),

and NT (44%; Fig. 1 and Table 3). In this study, we

have not seen any adverse effects of immunotherapy as

we have carried out follow-up for 1.5 years for all the

successful pregnancies.
4. Discussion

In this study, we examined the MLR-Bf develop-

ment and its correlation with the successful pregnan-

cy outcome in women with RSA when they were

treated either with PL or with other therapies (AL,

TPL, NS and NT). Various studies demonstrated that

immunization with PL attributed to the success of

pregnancy in women with RSA [21,24,31,45–47]. In

the present study, we have registered 124 women

with RSA for immunotherapy and compared the

effect of PL immunotherapy in different groups of

women with RSA by using double blind randomized

trials. Our results revealed that 84% of PL-immu-

nized women with RSA showed a significantly

increased level of MLR-Bf development, which was

directly correlated, with the successful outcome of

pregnancy. However, other control group women,

who received treatment with AL (28), TPL (31),

sterile NS (19) or no treatment at all (14), showed
a significantly decreased level of MLR-Bf develop-

ment and subsequently, 33%, 31%, 25% and 44%

successful pregnancy outcome. Upon comparison of

various updated randomized trials of PL immuno-

therapy for women with RSA [29,32,40,42,49–55],

we found a significant higher pregnancy outcome

(62%) among the women of the study group who

received immunization with PL as compared to

women of the control group (52%), who received

immunization either with AL, TPL, NS or no treat-

ment at all (NT). This difference was statistically

significant (P < 0.01; Table 4). However, Ober et al.

[55] reported that this mode of therapeutic approach

does not improve pregnancy outcome in women with

RSA. But they did not analyze the results in the light

of previous miscarriage numbers. They considered

the cases which did not achieve pregnancy in 12

months after immunotherapy as failures. Our study

and most of the other studies analyzed only the

successful outcome. They used PL which were stored

overnight, rather than fresh cells, and did not fully

exclude patients with autoimmunity. Stored cells

might lose immunogenic effects, and certain types

of patients with autoimmunity, such as antiphospho-

lipid antibody, antinuclear antibody, antithyroid anti-

body and antiendothelial cell antibody may not

respond well. The discrepancy between their data

and ours is probably because they did not use any

criteria, such as APCA, Ab2 and MLR-Bf, for patient

selection for immunotherapy. The results of the

present study showed that women with RSA of

negative MLR-Bf group were found to have signif-

icantly benefited from PL immunotherapy. On the

other hand, 9 of the 14 women having RSA with

positive MLR-Bf who did not receive any kind of

therapy became pregnant. Of these 9 women, 4 who

showed an increased level of MLR-Bf development

during the first, second and third trimesters delivered

healthy outcomes, whereas the remaining 5 who

showed a decreased level of MLR-Bf development

throughout the gestation experienced fetal losses. The

data of immunotherapy during early pregnancy

should be analyzed in the light of the number of

previous miscarriage and gestational window. Most

of the controversial studies performed immunother-

apy only once or twice before pregnancy [50,55],

whereas in most of the successful studies, PL immu-

nization was performed either at the regular interval



Table 4

Comparison of the results of randomized trials of paternal

lymphocytes immunotherapy for women with RSA

Randomized

trials

Study

group

(%)

Control

group

(%)

Immunization

protocol

Carp et al.

[54]

5/11

(45)

11/31

(35)

SIx: 80–100� 106 PL from

100 ml blood of male partner,

2/3 i.v., 1/6 i.d., 1/6 s.c.,

immunizations were repeated at

3–4 week intervals until APCA

became apparent in the

cross-match

Cauchi

et al.

[50]

13/21

(62)

19/25

(76)

SIx: 10–100� 106 PL from

150 ml of blood of male partner,

1/2 i.v., 1/4 i.d., 1/4 s.c.

CIx: 2 ml nornal saline, 1/2 i.v.,

1/4 i.d., 1/4 s.c.

Clark and

Daya

[49]

7/11

(64)

2/7

(29)

SIx: 40� 106 PL from blood of

male partner, s.c.

CIx: saline, s.c.

Daya and

Gunby

[40]

91/136

(66)

60/119

(50)

SIx: 50–60� 106 PL from male

partner, sc.

CIx: saline

Gatenby

et al.

[52]

13/19

(68)

9/19

(47)

SIx: 400� 106 PL from 400 ml

of blood of male partner,

2/3 i.v., 1/3 i.d., s.c.

CIx: 400� 106 AL, 2/3 i.v.,

1/3 i.d., s.c.

Ho et al.

[51]

33/39

(84)

39/60

(65)

SIx: 100–200� 106 PL/TPL,

i.d., boost with 50 ml of blood

mononuclear cells at 6 months

of gestation if not pregnant

CIx: 100–200� 106, AL from

women with RSA, i.d.

Illeni et al.

[53]

10/22

(45)

11/22

(50)

SIx: 200� 106 PL from 400 ml

blood of male partner, 1/3 i.v.,

1/3 i.d., 1/3 s.c.

CIx: nil

Li et al.

[42]

17/20

(86)

17/22

(86)

SIx: PL from 10 ml blood of

male partner, .i.v., three times or

more at an interval of 4 weeks

CIx: TPL, from 10 ml blood of

other than male partner, i.v.,

three times or more at an

interval of 4 weeks

Mowbray

et al.

[32]

17/22

(77)

10/27

(37)

SIx: 100–900� 106 PL from

1 unit of blood 2/3 i.v., 1/6 i.d.,

1/6 s.c.

CIx: 30–80� 106 AL from

40 ml of autologous blood,

2/3 i.v., 1/6 i.d., 1/6 s.c.

Ober

et al.

[55]

31/86

(36)

41/85

(48)

SIx: 200� 106, PL from 1 U

blood of male partner,

2/3 i.v., 1/6 i.d., 1/6 s.c.

CIx: 5 ml normal saline

administered in an identical manner

Randomized

trials

Study

group

(%)

Control

group

(%)

Immunization

protocol

Regan

et al.

[29]

34/46

(74)

0/4

(0)

SIx: PL from 400 ml blood of

male partner, i.v., two boosters

were given at < 6 weeks of

gestation

CIx: AL from 400 ml blood of

women with RSA, two boosters

were given at < 6 weeks of

gestation

Total 271/433

(62)

219/421

(52)

PL= paternal lymphocytes, AL= autologous lymphocytes, TPL=

third party lymphocytes, NS = normal saline, NT= not received any

treatment, i.v. = intravenous immunization, i.d. = intradermal immu-

nization, i.m. = intramuscular immunization, i.c. = intracutaneous

immunization, s.c. = subcutaneous immunization, SIx = immuniza-

tion in study group, CIx = immunization in control group, U= unit,

wks =weeks. Randomized trial for paternal lymphocyte immuno-

therapy in women with RSA ( P < 0.01).

Table 4 (continued)
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of 3–6 weeks before pregnancy [31,45] or once

before, following the course of immunization, and a

few more immunizations during pregnancy [56].

Various risk and side effects (twin pregnancies,

preterm delivery, growth retardation, neonatal throm-

bocytopenia and certain congenital abnormalities) have

been reported to be involved in PL-immunized women

with RSA [49,55,57–61]. However, we could not find

any side effects in PL-immunized women with RSA

throughout the 1.5 years of their continuous follow-up.

The exact mechanism of PL immunization in

women with RSA is still not clear, However, it has

been reported that expression of APCA [22], Ab2

[21], MLR-Bf [31,45] and progesterone-induced

blocking factor (PIBf) [62] in PL-immunized women

with RSA was associated with successful pregnancy.

These factors may protect the fetus from the toxic

effect of the mother’s immune system and make the

pregnancy successful by balancing the Th-2 shift and

inhibition in overactivity of NK cells [27]. Some of

the recent studies suggested that PL immunization is

also correlated with the modulation of immunity in

women with unexplained RSA as it reduced the NK

cell activity and performed the shift from Th1-type

reactivity to Th2-type reactivity [47,48]. However, the

exact mechanisms by which MLR-Bf make favour-

able environment for the success of pregnancy and
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protection of fetal loss is still not clear, but these are

now under examination.
5. Conclusion

Results of the present study suggested that PL-

immunized women with RSA showed a significant

high level of MLR-Bf and pregnancy outcome com-

pared to women with RSAwho received AL, TPL, NS

or no treatment at all.
Acknowledgements

The authors thank the Indian Council of Medical

Research (ICMR) New Delhi and Council of Science

and Technology, Uttar Pradesh, India for financial

support of their laboratory work. We are grateful to

Mr. RC Mishra and Mr. Sanjay Johari for technical

support and computer assistance. Dr. SK Mandal and

Dr. Mukesh Srivastava (Central Drug Research

Institute, Lucknow, India) for invaluable help with

the statistical analysis of data.
References

[1] Warburton D, Kline J, Stein Z, Hutzler M, Chin A, Hassold T.

Does the karyotype of a spontaneous abortion predict the

karyotype of a subsequent abortion? Evidence from 273 wom-

en with two karyotyped spontaneous abortion. Am J Hum

Genet 1983;41:465–83.

[2] Smith JB, Cowchock FS. Immunological studies in recurrent

spontaneous abortion: effects of immunization of women with

paternal mononuclear cells on lymphocytotoxic and mixed

lymphocyte reaction blocking antibodies and correlation with

sharing of HLA and pregnancy outcome. J Reprod Immunol

1988;14:99–113.

[3] Edmonds DK, Lindsay KS, Miller JF, Williamson E, Wood PJ.

Early embryonic mortality in women. Fertil Steril 1982;38:

447–53.

[4] Coulam CB. Report from the ethics committee for immuno-

therapy. Am J Reprod Immunol 1993;30:45–7.

[5] Strobino B, Warburton D. In: Reed GB, Wairnex AE, Cock-

burn F, editors. 2nd ed. Recurrent Abortion: Genetic and Other

non Immune Factors Diseases of the Foetus and Newborn,

Pathology, Imaging Genetics and Management, vol. 1. Lon-

don, UK: Chapman & Hall; 1995. p. 167.

[6] Stern JJ, Dorfmann AD, Gutierrez-Najar AJ, Cerrillo M, Cou-

lam CB. Frequency of abnormal karyotypes among abortuses

from women with and without a history of recurrent sponta-

neous abortion. Fertil Steril 1996;65(2):233–50.
[7] Ohno M, Maeda T, Matsunobu A. A cytogenetic study of

spontaneous abortions with direct analysis of chorionic villi.

Obstet Gynecol 1999;177(3):394–8.

[8] Hill JA, Polgar K, Harlow BL, Anderson DJ. Evidence of

embryo- and trophoblast-toxic cellular immune responses in

women with recurrent spontaneous abortion. Am J Obstet

Gynecol 1992;166(4):1044–52.

[9] Stephensen MD. Frequency of factors associated with habitual

abortion in 197 couples. Fertil Steril 1996;66:24–9.

[10] Weltz JI. Low molecular weight heparins. N Engl J Med

1997;337:688–97.

[11] Clifford K, Rai R, Watson H, Regan L. An informative pro-

tocol for the investigation of recurrent miscarriage: prelimi-

nary experience of 500 consecutive cases. Hum Reprod

1994;9(7):1328–32.

[12] Torpin R. Placenta circumvallata and placenta marginata.

Obstet Gynecol 1995;21:76–81.

[13] Jaffe R, Jauniaux E, Hustin J. Maternal circulation in the first-

trimester human placenta—myth or reality. Am J Obstet

Gynecol 1997;176(3):695–705.

[14] Lea RG, Sharekh N, Tulppala M, Critchley HO. The immuno-

localization of bcl-2 at the maternal– fetal interface in healthy

and failing pregnancies. Hum Reprod 1997;12(1):153–8.

[15] Harlap S, Shiono PH. Alcohol, smoking, and incidence of

spontaneous abortions in the first and second trimester. Lancet

1980;2(8187):173–6.

[16] Polifka JE, Friedman JM. Environmental toxins and recurrent

pregnancy loss. Infertil Reprod Med Clin North Am 1991;2:

175–213.

[17] Agrawal S, Kishore R, Halder A, Sharma A, Sharma RK, Das

V, et al. Outcome of pregnancy in women with recurrent

spontaneous abortion following immunotherapy with alloge-

neic lymphocytes. Hum Reprod 1995;10:2280–4.

[18] Kishore R, Agrawal S, Halder A, Das V, Shukla BR. HLA

sharing, anti-paternal cytotoxic antibodies and MLR blocking

factors in women with recurrent spontaneous abortion.

J Obstet Gynaecol Res 1996;22(2):177–83.

[19] Petri M. Pathogenesis and treatment of the antiphospholipid

antibody syndrome. Med ClinNorth Am 1997;81:151–77.

[20] Tamura M, Takakuwa K, Arakawa M, Yasuda M, Kazama Y,

Tanaka K. Relationship between MLR blocking antibodies and

the outcome of the third pregnancy in patients with two con-

secutive spontaneous abortions. J Perinat Med 1998;26:49–53.

[21] Ito K, Tanaka T, Tsutsumi N, Obata F, Kashiwagi N. Possible

mechanisms of immunotherapy for maintaining pregnancy in

recurrent spontaneous aborters: analysis of anti-idiotypic anti-

bodies directed against autologous T-cell receptors. Hum

Reprod 1999;14(3):650–5.

[22] Orgad S, Loewenthal R, Gazit E, Sadetzki S, Novikov I, Carp

H. The prognostic value of anti-paternal antibodies and leu-

kocyte immunizations on the proportion of live births in cou-

ples with consecutive recurrent miscarriages. Hum Reprod

1999;14(12):2974–9.

[23] Raghupathy R, Makhseed M, Azizieh F, Omu A, Gupta M,

Farhat R. Cytokine production by maternal lymphocytes dur-

ing normal human pregnancy and in unexplained recurrent

spontaneous abortion. Hum Reprod 2000;15(3):713–8.



M.K. Pandey, S. Agrawal / International Immunopharmacology 4 (2004) 289–298 297
[24] Agrawal S, Pandey MK, Mandal SK, Mishra LC, Agarwal SS.

Humoral immune response to an allogenic foetus in normal

fertile women and recurrent aborters. BMC Pregnancy Child-

birth 2002;2:1–6.

[25] Malinowski A. Recurrent spontaneous abortion of alloimmu-

nologic etiology diagnosis and immunotherapy. Ginekol Pol

2001;72(11):885–98.

[26] Pandey MK, Saxena V, Agrawal S. Characterization of mixed

lymphocyte reaction blocking antibodies (MLR-Bf) in human

pregnancy. BMC Pregnancy Childbirth 2003;3:2.

[27] Pandey MK, Thakur S, Agrawal S. Lymphocyte immunother-

apy and its probable mechanism in the maintenance of preg-

nancy in women with recurrent spontaneous abortion. Arch

Gynecol Obstet 2004;3:1–28.

[28] Warburton D, Fraser FC. On the probability that a woman who

has had a spontaneous abortion will abort in subsequent preg-

nancies. Br J Obstet Gynaecol 1961;69:784–7.

[29] Regan L, Braude PR, Trembath PL. Influence of past repro-

ductive performance on risk of spontaneous abortion. BMJ

1989;299(6698):541–5.

[30] Coulam CB, Goodman C, Roussev RG, Thomanson EJ, Bea-

man KD. Systemic CD 56+ cells can predict pregnancy out-

come. Am J Reprod Immunol 1995;33:40–6.

[31] Ramhorst R, Agriello E, Zittermann S, Pando M, Larriba J,

Irigoyen M, et al. Is the paternal mononuclear cells’ immuni-

zation a successful treatment for recurrent spontaneous abor-

tion. Am J Reprod Immunol 2000;44:129–35.

[32] Mowbray JF, Gibbings C, Liddell H, Reginald PW, Under-

wood JL, Beard RW. Controlled trial of treatment of recurrent

spontaneous abortion by immunisation with paternal cells.

Lancet 1985;1(8435):941–3.

[33] Reznikoff-Etievant MF, Durieux I, Huchet J, Slamon C, Nel-

tor A. Human MHC antigens and paternal leukocyte injections

in recurrent spontaneous abortions. In: Bear RW, Sharp F,

editors. Early pregnancy loss: mechanisms and treatment.

London, UK: RCOG; 1988. p. 375–84.

[34] Lubinski J, Vrdoljak VJ, Beaman KD, Kwak JY, Beer AE,

Gilman-Sachs A. Characterization of antibodies induced by

paternal lymphocyte immunization in couples with recurrent

spontaneous abortion. J Reprod Immunol 1993;24(2):81–96.

[35] Sugi T, Makino T, Maruyama T, Nozawa S, Iizuka R. Influence

of immunotherapy on antisperm antibody titer in unexplained

recurrent aborters. Am J Reprod Immunol 1993;29(2):95–9.

[36] Pandey MK, Agrawal S. Prevalence of anti-idiotypic antibod-

ies in pregnancy v/s recurrent spontaneous abortion (RSA)

women. Obstet Gynaecol Today 2002;10:574–8.

[37] Beer AE, Semprini AE, Zhu XY, Quebbeman JF. Pregnancy

outcome in human couples with recurrent spontaneous abor-

tions: HLA antigen profiles: HLA antigen sharing; female

serum MLR blocking factors; and paternal leukocyte immu-

nization. Exp Clin Immunogenet 1985;2(3):137–53.

[38] Takakuwa K, Goto S, Hasegawa I, Ueda H, Kanazawa K,

Takeuchi S, et al. Result of immunotherapy on patients with

unexplained recurrent abortion: a beneficial treatment for

patients with negative blocking antibodies. Am J Reprod

Immunol 1990;23(2):37–41.

[39] Takakuwa K, Higashino M, Yasuda M, Ishii S, Ueda H,
Asano K, et al. Is an additional vaccination necessary for a

successful second pregnancy in unexplained recurrent abort-

ers who were successfully immunized with their husband’s

lymphocytes before the first pregnancy. Am J Reprod Immu-

nol 1993;29:39–44.

[40] Daya S, Gunby J. The effectiveness of allogeneic leukocyte

immunization in unexplained primary recurrent spontaneous

abortion. Recurrent miscarriage immunotherapy trialists group.

Am J Reprod Immunol 1994;32(4):294–302.

[41] Malinowsky D, Alheim K, Chai Z, Fantuzzi G, Hasanvan H,

Di Santo E, et al. Hyperresponsive febrile reactions to inter-

leukin (IL) 1alpha and IL-1beta, and altered brain cytokine

mRNA and serum cytokine levels, in IL-1beta-deficient mice.

Proc Natl Acad Sci U S A 1997;94:2681–6.

[42] Li D, Li C, Zhu Y. Comparative study of the third party and

paternal leukocyte immunization in recurrent spontaneous

abortion of lowered maternal – fetal immuno-recognition.

Zhonghua Fu Chan Ke Za Zhi 1998;33(10):597–600.

[43] Prigoshin N, Tambutti ML, Redal MA, Gorgorza S, Lancuba

SM, Nicholson R, et al. Microchimerism and blocking activ-

ity in women with recurrent spontaneous abortion (RSA)

after alloimmunization with the partner’s lymphocytes.

J Reprod Immunol 1999;44(1–2):41–54.

[44] Agrawal S, Pandey MK, Pandey A. Prevalence of MLR

blocking antibodies before and after immunotherapy. J Hema-

tother Stem Cell Res 2000;9:257–62.

[45] Adachi H, Takakuwa K, Mitsui T, Ishii K, Tamura M, Tanaka

K. Results of immunotherapy for patients with unexplained

secondary abortions. Clin Immunol 2003;106:175–80.

[46] Gafter U, Sredni B, Segal J, Kalechman Y. Suppressed cell-

mediated immunity and monocyte and natural killer cell activ-

ity following allogeneic immunization of women with sponta-

neous recurrent abortion. J Clin Immunol 1997;17(5):408–19.

[47] Kwak JY, Gilman-Sachs A, Moretti M, Beaman KD, Beer AE.

Natural killer cell cytotoxicity and paternal lymphocyte im-

munization in women with recurrent spontaneous abortions.

Am J Reprod Immunol 1998;40(5):352–8.

[48] Hayakawa S, Karasaki-Suzuki M, Itoh T, Ishii M, Kanaeda T,

Nagai N, et al. Effects of paternal lymphocyte immunization

on peripheral Th1/Th2 balance and TCRV beta and V gamma

repertoire usage of patients with recurrent spontaneous abor-

tions. Am J Reprod Immunol 2000;43(2):107–15.

[49] Clark DA, Daya S. Trials and tribulation in the treatment of

recurrent spontaneous abortion. Am J Reprod Immunol 1991;

25:18–24.

[50] Cauchi MN, Lim D, Young DE, Kloss M, Pepperell RJ. Treat-

ment of recurrent aborters by immunization with paternal

cells—controlled trial. Am J Reprod Immunol 1991;25(1):

16–7.

[51] Ho HN, Gill III TJ, Hsieh HJ, Jiang JJ, Lee TY, Hsieh CY.

Immunotherapy for recurrent spontaneous abortions in a Chi-

nese population. Am J Reprod Immunol 1991;25(1):10–5.

[52] Gatenby PA, Cameron K, Simes RJ, Adelstein S, Bennett MJ,

Jansen RP, et al. Treatment of recurrent spontaneous abortion

by immunization with paternal lymphocytes: results of a con-

trolled trial. Am J Reprod Immunol 1993;29(2):88–94.

[53] lIlleni MT, Marelli G, Parazzini F, Acaia B, Bocciolone L,



M.K. Pandey, S. Agrawal / International Immunopharmacology 4 (2004) 289–298298
Szekeres-Bartho J, et al. Immunotherapy and recurrent abor-

tion: a randomized clinical trial. Hum Reprod 1994;9(7):

1247–9.

[54] Carp HJ, Toder V, Torchinsky A, Portuguese S, Lipitz S, Gazit

E, et al. Allogenic leukocyte immunization after five or more

miscarriages: recurrent miscarriage immunotherapy trialists

group. Hum Reprod 1997;12(2):250–5.

[55] Ober C, Karrison T, Odem RR, Barnes RB, Branch DW,

Stephenson MD, et al. Mononuclear-cell immunization in pre-

vention of recurrent miscarriages: a randomized trial. Lancet

1999;354:365–9.

[56] Maejima M, Fujii T, Yamashita T, Hara N, Hamai Y, Miki A,

et al. Immunotherapy before and during pregnancy improves

pregnancy outcome in women who suffer from recurrent abor-

tion and did not benefit from immunotherapy before pregnan-

cy. Am J Reprod Immunol 1998;39:12–5.

[57] Carp HJ, Toder V, Mashiach S. Immunotherapy of habitual

abortion. Am J Reprod Immunol 1992;28(3–4):281–4.

[58] Pearlman SA, Meek RS, Cowchock FS, Smith JB, Mc Farland

J, Aster RH. Neonatal alloimmune thrombocytopenia after ma-

ternal immunization with paternal mononuclear cells: success-
ful treatment with intravenous gamma globulin. Am J Perinatol

1992;9(5–6):448–51.

[59] Recurrent Miscarriage Immunotherapy Trialists Group

(RMITG). World wide collaborative observation study and

meta-analysis on allogenic leukocyte immunotherapy for re-

current spontaneous abortion. Am J Reprod Immunol 1994;32:

55–72.

[60] Chaouat G, Tranchot Diallo J, Volumenie JL, Menu E, Gras G,

Delage G, et al. Immune suppression and Th1/Th2 balance in

pregnancy revisited: a (very) personal tribute to Tom Weg-

mann. Am J Reprod Immunol 1997;37(6):427–34.

[61] Tanaka T, Umesaki N, Nishio J, Maeda K, Kawamura T, Araki

N, et al. Neonatal thrombocytopenia induced by maternal anti-

HLA antibodies: a potential side effect of allogenic leukocyte

immunization for unexplained recurrent aborters. J Reprod

Immunol 2000;46:51–7.

[62] Check JH, Arwitz M, Gross J, Peymer M, Szekeres-Bartho J.

Lymphocyte immunotherapy (LI) increases serum levels of

progesterone induced blocking factor (PIBF). Am J Reprod

Immunol 1997;37:17–20.


	Induction of MLR-Bf and protection of fetal loss: a current double blind randomized trial of paternal lymphocyte immunization for women with recurrent spontaneous abortion
	Introduction
	Methods
	Double blind randomization of women with RSA
	Immunization protocol
	Mixed lymphocyte reaction (MLR)
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


