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Introduction

Recurrent spontaneous abortion (RSA) is a heteroge-

neous condition, with numerous causes and clinical

presentations. Treatment modalities for RSA include

aspirin, heparin, progesterone, hCG, prednisone,

leukocyte immunization, and intravenous immuno-

globulin.1

Paternal lymphocyte immunization (PLI) is an

effective and feasible treatment option of recurrent

spontaneous abortion, which was proposed in 1981.2

Its in vivo mechanism is attributed to the production

of antipaternal cytotoxic antibodies,3 with adverse

side effects comparable to those reported after intra-

dermal vaccination for infectious diseases.4 It has

been also adopted for couples that had been unsuc-

cessfully treated in the IVF program.5 There are

questions in the literature whether this treatment is

effective.6 Others, like us, have different results.3,7,8

The development and refinement of noninvasive

techniques for prenatal diagnosis are constantly pur-

sued goals in medicine. In 1997, Lo et al.9 demon-

strated the presence of fetal DNA in plasma of

pregnant women. Several groups have reproduced
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Problem

Women treated with allogeneic immunization using paternal lympho-

cytes often request laboratory molecular tests using cell-free fetal DNA

in maternal plasma. There is concern whether the treatment can inter-

fere with its results. This study evaluated the applicability of fetal sex

determination using fragments of sex-determining region Y (SRY) in the

plasma of women submitted to paternal lymphocyte immunization.

Method of study

Non-pregnant women blood samples were collected at two different

moments: prior to paternal lymphocyte immunization and after three

doses of the immunotherapy, in a prospective study. For women who

became pregnant, another sample was collect during the first trimester.

Amplification of the fragment of the Y chromosome (SRY) was per-

formed using real-time PCR.

Results

The SRY gene was not identified in any of the plasma samples of the 50

non-pregnant women submitted to paternal lymphocyte immunization

at either of the two moments evaluated. For the 26 pregnant women,

the results of the identification of sex -determining in maternal plasma

were completely in agreement with the infant sex.

Conclusion

Paternal lymphocyte immunization does not affect the results of SRY

fragment investigation in the plasma of women submitted to paternal

lymphocyte immunization therapy.
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these findings, clearly demonstrating that the isola-

tion of fetal DNA from maternal plasma is relatively

easy, inexpensive and allows simultaneous process-

ing of many samples. These tests have various appli-

cations in prenatal care, because they represent a

noninvasive method of drawing genetic hypotheses

with respect to the fetus at early stages in preg-

nancy. Among the applications of the cell-free fetal

DNA in maternal plasma, fetal sexing is one of the

most applied for medical and ⁄ or personal pur-

poses.10 Today, the technique has spread and is

offered in several private and public laboratories

worldwide.

Allogeneic immunization using paternal lympho-

cytes is becoming routinely used in some specialized

centers for the treatment of infertility. For these

patients, doubts persist with respect to the applicabil-

ity of molecular methods that use cell-free fetal DNA

in maternal plasma. That is, there is interest in

learning whether the DNA derived from paternal

lymphocytes may interfere with the molecular test

for fetal gender through analysis of maternal plasma.

The aim of this study was to evaluate the applica-

bility of fetal sex determination using fragments of

sex-determining region Y (SRY), which is present in

the Y chromosome, in the plasma of women submit-

ted to paternal lymphocyte immunization.

Materials and methods

Patients and Study Design

We conducted a prospective observational study

including women with history of two or more spon-

taneous abortion referred to Allovita Reproductive

Immunology Laboratory, who underwent the immu-

notherapy with paternal lymphocytes, between July

2009 and April 2010. Peripheral blood samples

(5–10 mL) were obtained from women selected

above into vacutainer blood tubes containing EDTA.

Two samples were collected from each non-pregnant

woman. The first sample was collected prior to treat-

ment with paternal lymphocytes (pre-immuniza-

tion), immediately before the first injection

treatment. The second sample was collected after

receiving the three doses of the paternal lympho-

cytes (post-immunization sample). For women who

became pregnant, another sample was collected dur-

ing the first trimester.

All samples were processed and analyzed at the

Allovita Reproductive Immunology Laboratory and

the Blood Bank of the Sı́rio-Libanês Hospital. All the

women gave informed consent. Ethical committee

provided approval for the study.

Immunotherapy

Fresh blood (8 mL) was obtained by peripheral

venous puncture in heparin vacutainer vials from

each man from the couple of patients with recurrent

abortion or implantation failure. Peripheral mononu-

clear white blood cells (WBC) were separated asepti-

cally in laminar flow using Ficoll–Hipaque gradient

centrifugation. WBC were then washed in saline and

resuspended in 1.0 mL of saline solution. Between

60 and 100 million cells were then administrated in

the forearm of the woman from the treated couples

by subcutaneous injections in three spots. Immuni-

zations were carried out in three different days, fol-

lowing the same routine, each 3 weeks apart from

the other. Three weeks after the last immunization,

a flow cytometer cross-match was performed to con-

firm antipaternal anti-T and anti-B antibodies pro-

duction. The procedure was repeated until a positive

cross-match was obtained. Cross-match was consid-

ered positive when at least 75% of T and or B cells

showed antibodies on their surfaces. Patients were

advised to boost every 3 months while attempting

pregnancy and once every 4 weeks after a positive

pregnancy test was achieved.

DNA extraction

DNA was extracted in duplicate from 200 lL of mater-

nal plasma by employing Qiamp DNA Blood kit (Qia-

gen, São Paulo, Brazil). Elution volume was 75 lL.

SRY identification

A TaqMan assay (real-time PCR) targeting the locus

DAZ (deleted in azoospermia) from the Y chromo-

some was applied as described.10 Each extracted

DNA was also analyzed in duplicate, totalizing four

replicates. A cut-off value was obtained by running

100 replicates from a pool of plasma from pregnant

women with confirmed male fetuses, when a Ct

value of 36 ± 2 was verified. Samples presenting at

least three replicas with Ct values equal or <36 were

reported as male pregnancies, while all values with

no Ct or Ct above 36 were reported as female preg-

nancies. Any anomalous result is repeated again,

starting from the plasma DNA extraction.
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Results

Fifty women were included in this study. The mean

women’s age was 34.5 years old (range 22–44).

The mean interval between the third dose of

immunization and the time of the post-immuniza-

tion sample collect was 28 days (range 15–47). The

mean concentration of the leukocytes administrated

to the women between the two moments of collect

was 209 · 10 (range 71–950).

The SRY gene was not identified in any of the 100

plasma samples of the non-pregnant women submit-

ted to paternal lymphocyte immunization at either

of the two moments evaluated.

For the 26 pregnant women, the results of the

identification of sex determining in maternal plasma

were completely in agreement with the infant sex,

and there were 13 females and 13 males. The mean

number of total PLI doses between the pre-immuni-

zation sample and the pregnancy sample ranged

from 3 to 9 (mean 4.1). The mean gestational age at

the sample collect was 9.5 weeks (6–12 weeks)

(Table I).

Discussion

Little is known about the fate of paternal lympho-

cytes injected on woman with recurrent abortions.11

Most of the information gathered reveals that this is

capable of inducing an immune reaction with the

production of antipaternal antibodies, described as

blocking antibodies. This description is result of the

ability of woman’s serum treated with this immuno-

logical modality to block woman’s lymphocyte reac-

tion against her spouse’s lymphocyte in mixed

lymphocyte preparations. It is believed that these

antibodies are part of the normal immune response

to pregnancy and the clue in the immunological

treatment of recurrent spontaneous abortion.

In 2002, the FDA issued a letter that recom-

mended the implementation of new clinical trials

involving immunotherapy with paternal lympho-

cytes for the prevention of abortions.12 In that letter,

it is clear the position of the FDA to authorize this

treatment only after such revaluation. However, this

recommendation was based on a publication of more

than a decade ago.13 More recent studies have

shown that treatment is effective and safe,3–5,14,15

although no clinical trials that meet the criteria for

an investigational new drug application were per-

formed. This requirement of the FDA is based on the

fact that the PLI is classified within the Human Cells,

Tissues, and Cellular and Tissue-Based Products

(HCT ⁄ P’s) Product List.

Because this treatment includes the deposition of

a small amount of live paternal cells into the mater-

nal circulation via subcutaneous injection, it raises

the concern that it may interfere with DNA tests that

seek for chromosome Y signal in the maternal circu-

lation. We designed this study to evaluate whether

this amount of cells could interfere with the soluble

plasma DNA test results. We confirm that with this

setting of treatment, no patient had interference in

the soluble plasma DNA in the search for the Y chro-

mosome signal, after a mean interval of 28 days after

three doses of the immunization. The hypothesis we

advocate is that the paternal lymphocytes are metab-

olized by the maternal subcutaneous tissue locally;

their DNA degraded by cellular DNAses and does not

Table I Fetal Sex Determination through Maternal Plasma

Analysis in Women Submitted to the Immunization with Paternal

Lymphocytes

Case no. N. doses GA Fetal sex

1 5 12 M

2 5 12 F

3 3 10 F

4 5 12 M

5 3 8 M

6 4 10 M

7 3 12 F

8 3 9 F

9 4 12 F

10 4 9 M

11 3 11 F

12 5 8 F

13 3 9 F

14 3 8 F

15 4 9 F

16 9 10 F

17 6 9 F

18 3 8 M

19 6 8 M

20 7 9 M

21 4 11 F

22 3 8 M

23 3 8 M

24 4 9 M

25 4 12 M

26 3 6 M

N. doses, number of total PLI doses between the pre-immuniza-

tion sample and the pregnancy sample; GA, gestational age; F,

female; M, male.
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reach the maternal blood stream. In accordance, it is

known that most fetal DNA found on maternal cir-

culation stems from placental tissue and circulating

fetal cells do not contribute significantly.16

Whether the continuance of immunotherapy to

more than three doses has an influence on the

appearance of the sex-determining region Y in the

maternal plasma, as evaluated in this study, requires

further investigation. In this group of patients, 26

became pregnant after treatment and had their Y

DNA testing performed during the first trimester of

pregnancy. For this group, none had a mistaken

result for their fetal sex diagnosis. Many of them

received more than three doses before the pregnancy

sample was collected. So, it seems that the test could

be useful even after more than three doses.

It is known that in multiple pregnancies discor-

dant in gender, the male signal does prevail causing

misinterpretation of diagnosis of result status of the

fetuses. Also, upon demise of the male fetus, it takes

a couple of weeks until this Y signal vanishes from

the maternal plasma, although millions of male fetal

cells are still present in the maternal womb, capable

of shedding Y DNA signal.

It is very likely that our observation may be gen-

eralized to any potentially paternally inherited gene,

that is, lack of interference with tests based on circu-

lating fetal DNA. This information will be useful to

the future of such tests by couples submitted to the

PLI procedure. To corroborate that, we are extending

this investigation to the RhD system on RhD-nega-

tive women treated with allogeneic immunization

using paternal lymphocytes. For these patients, the

RhD fetal genotyping through the analysis of mater-

nal plasma is important for the pregnancy manage-

ment,17 and they are also being screened for these

possible interference and results should be available

soon.

Conclusion

Paternal lymphocyte immunization does not affect

the results of SRY fragment investigation in the

plasma of women submitted to this immunotherapy.

References

1 Perricone R, Di Muzio G, Perricone C, Giacomelli R, De Nardo D,

Fontana L, De Carolis C: High levels of peripheral blood NK cells in

women suffering from recurrent spontaneous abortion are reverted

from high-dose intravenous immunoglobulins. Am J Reprod

Immunol 2006; 55:232–239.

2 Beer AE, Quebbeman JF, Ayers JW, Haines RF: Major

histocompatibility complex antigens, maternal and paternal

immune responses, and chronic habitual abortions in humans. Am

J Obstet Gynecol 1981; 141:987–999.

3 Pandey MK, Agrawal S: 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. Int Immunopharmacol 2004; 4:289–298.

4 Kling C, Steinmann J, Westphal E, Magez J, Kabelitz D: Adverse

effects of intradermal allogeneic lymphocyte immunotherapy:

acute reactions and role of autoimmunity. Hum Reprod 2006;

21:429–435.

5 Wegener S, Schnurstein K, Hansch S, Bolz M, Briese V, Sudik R,

Wegener R, Busecke A, Müller H: Immunotherapy with paternal

lymphocytes for recurrent miscarriages and unsuccessful in vitro

fertilization treatment. Transfus Med Hemother 2006; 33:501–507.

6 Porter TF, LaCoursiere Y, Scott JR: Immunotherapy for recurrent

miscarriage. Cochrane Database Syst Rev 2006: CD000112, doi:

10.1002/14651858.

7 Nonaka T, Takakuwa K, Ooki I, Akashi M, Yokoo T, Kikuchi A,

Tanaka K: Results of immunotherapy for patients with unexplained

primary recurrent abortions–prospective non-randomized cohort

study. Am J Reprod Immunol 2007; 58:530–536.

8 Caetano MR, Couto E, Passini R, Simoni RZ, Barini R: Gestational

prognostic factors in women with recurrent spontaneous abortion.

Sao Paulo Med J 2006; 124:181–185.

9 Lo YM, Corbetta N, Chamberlain PF, Rai V, Sargent IL, Redman

CW, Wainscoat JS: Presence of fetal DNA in maternal plasma and

serum. Lancet 1997; 350:485–487.

10 Levi J, Wendel S, Tkaoka D: Determinação pré-natal do sexo fetal
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