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Abstract—The existence of a3 T-lymphocyte differentiation processes have been demonstrated in mouse peripheral lym-
phoid organs during pregnancy. Study of pregnant Swiss mice has shown that the development of the second half of gesta-
tion is accompanied by expression of RAG-1 recombinase mRNA and unrearranged TCR a-chain (pre-TCRa) preferen-
tially in T-lymphocytes of lymph nodes involved in uterine drainage (para-aortal lymph nodes), and to a lesser extent in
other lymph nodes (mainly from axillary lymph nodes). The data suggest that during pregnancy the differentiation of afT
lymphocytes may occur not only in central (thymus) but also in peripheral lymphoid organs.
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According to the traditional concept, maturation
and differentiation of afT-lymphocytes occur mainly in
the thymus. During thymic development, T-cell precur-
sors form an antigen specific receptor (TCR) and under-
go clonal selection, which eliminates autoreactive clones
[1, 2]. Resultant mature T-lymphocytes appearing on the
periphery effectively carry out the functions of immune
control including recognition and removal of foreign
antigens without damage to the organism’s own tissues.

Under certain physiological and pathological condi-
tions accompanied by thymus atrophy, alternative
extrathymic differentiation pathways become activated;
this involves not only ydT-lymphocytes, which tradition-
ally exhibit extrathymic maturation [3, 4], but affT-cells
as well. Such compensatory mechanism operates in stress
[5], autoimmune [6, 7] and some infection diseases [8, 9],
and also in cases of age-related changes [10]. It is reason-
able to suggest that similar mechanism may also function
during pregnancy, which is accompanied by significant
thymus atrophy: marked decrease of thymus mass [11]
and cell number [11, 12] mainly due to cortical atrophy
and exhaustion of the population of cortical thymocytes
[12]. Involvement of activation of extrathymic develop-

Abbreviations: CD) clusters of differentiation (membrane mol-
ecules of T-lymphocytes); OsM) oncostatin M; RAG) recom-
bination activating genes; TCR) T-cell receptor; pre-TCRa)
unrearranged TCR a.-chain.

* To whom correspondence should be addressed.

ment of afT-lymphocytes in this period is also supported
by the following data: administration of the pregnancy
associated factors, oncostatin M [13] or high dose of
estrogens [14], induces appearance of peripheral af3T-
cells with immature phenotype (CD4°CD8") [13] or with
intermediate level of TCR expression suggesting their
extrathymic origin [14].

The goal of the present study was to get experimen-
tal evidence for the existence of afT-lymphocyte differ-
entiation in peripheral organs of mice during pregnancy.
Expression of two factors served as a criterion for this dif-
ferentiation. The first factor is RAG-1 recombinase, the
key enzyme in TCR gene rearrangement. Under normal
conditions, expression of this enzyme in afT-cells is lim-
ited by the thymic stage of development, and after termi-
nation of rearrangement and formation of functional
TCR it is irreversibly suppressed [15]. The second factor
is unrearranged TCR a-chain (pre-TCRa) expressed by a
subpopulation of early thymic precursors lacking fully
competent TCRa (CD4-CD87) and serving as the mark-
er of immature af3T-cells [16].

Pregnancy is a phenomenon of natural allotrans-
plantation, which requires existence of effective regulato-
ry mechanisms for prevention of possible antifetal
immune reactions. Consequently, local immunity has to
play the major role in this process. This explains our par-
ticular interest in evaluation of putative extrathymic dif-
ferentiation in regional lymph nodes involved in uterine
drainage and others.

983



984
MATERIALS AND METHODS

Swiss mice and also female CBA/J mice mated with
males from various strains were used in experiments.
There were several types of mating with BALB/c males
(normal allogenic pregnancy), CBA/J males (normal
syngenic pregnancy), and DBA/2 males (pregnancy with
increased risk of abortion) [17, 18]. Animals were
obtained from the Rappolovo Animal Breeding Farm,
Russian Academy of Medical Sciences (St. Petersburg).
Swiss female mice were investigated on the 5th, 11th, and
17th days of pregnancy, which was detected by a vaginal
plug. Pregnancy period in linear animals (9th day) was
chosen in accordance with literature data that in
CBA/J x DBA/2 females, abortions usually occur on 10-
14th day of pregnancy [17, 18].

Thymocytes and fractionated peripheral T-lympho-
cytes isolated from four types of lymph nodes were used as
the research objects: para-aortal nodes (involved in uter-
ine drainage) and also inguinal, mesenterial, and axillary
nodes (unrelated to uterine drainage) [18]. In the main
series of experiments, B-lymphocytes were removed from
cell suspension obtained after homogenization of lymph
nodes (for T-lymphocyte fractionation) by means of spe-
cific antiserum to mouse immunoglobulins (Medgamal,
Russia). (Peripheral B-lymphocytes can rearrange chains
of the antigen receptor [19].) In the final series of experi-
ments, afT-lymphocytes were eliminated from the cell
suspension by immunomagnetic fractionation using
monoclonal antibodies H57-597 to B-chain of mouse
TCR (Caltag, USA). This excluded putative effect of
minor subpopulation of ydT-lymphocytes traditionally
differentiating outside thymus and also expressing RAG
proteins on the periphery [3, 4].

In the isolated cells, expression of mRNAs of recom-
binase RAG-1, pre-TCRa, and -actin (positive control
for the presence of mRNA in the sample) was analyzed.
Obtaining of total RNA, reverse transcription, and ampli-
fication were carried out using the kits Trizol RNA Prep
100, GenePak RT Core, and GenePak PCR Core (Isogen
Laboratory, Russia), respectively.

The following specific primers and corresponding
modes of amplification have been used: for RAG-1, 5'-
CATCGAGACAGTCCCTTCC-3" and 5 -CGATA-
GAGCCATCCCTTTC-3"[20] (92°C for 30 sec, 60°C for
30 sec, 72°C for 60 sec (35 cycles)), for pre-TCRa, 5'-
ACACTGCTGGTAGATGGAAGG-3' and 5'-CGAGC-
AGAAGCAGTTTGAAGAG-3" [21] (92°C for 30 sec,
52°C for 30 sec, 72°C for 60 sec (38 cycles)), for B-actin,
5'-TGTTACCAACTGGGACGACA-3'" and 5'-TTTGA-
TGTCACGCACGATTT-3" (chosen by using the pro-
gram Primer 3: http://frodo.wi.mit.edu/cgi-bin/primer3/
primer3_www.cgi) (92°C for 30 sec, 60°C for 30 sec,
72°C for 60 sec (30 cycles)).

Electrophoresis was carried out using the standard
method and 1.5% agarose gel (Serva, Germany).
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RESULTS AND DISCUSSION

In nonpregnant Swiss mice, mRNA RAG-1 expres-
sion has been found only in thymocytes but not in T-lym-
phocytes isolated from all groups of lymph nodes studied
(Fig. 1). This suggests that in the absence of pregnancy
differentiation of afT-lymphocytes occurs only in central
(thymus) but not in peripheral lymphoid organs. However,
evaluation of this parameter in an early stage of pregnancy
(5th day) gave similar result: RAG-1 mRNA expression in
thymocytes and its absence in lymph node T-cells. In the
middle of pregnancy (11th day) RAG-1 mRNA expression
was registered in thymus but also in para-aortal lymph
nodes (in 70% of cases); on the 17th day expression was
registered not only in Ilymph nodes involved in uterine
drainage (60%) but in other lymph nodes as well (mainly
in axillary lymph nodes, in 60% of cases). Analysis of pre-
TCRo mRNA revealed similar tendencies (Fig. 1): lack of
this transcript in peripheral T-lymphocytes in early stages
of pregnancy and appearance of pre-TCRa mRNA
expression (although less pronounced than RAG-1
mRNA) on the 11th day in para-aortal lymph nodes (in
40% of cases) and on the 17th day in both para-aortal
lymph nodes (in 40% of cases) and in axillary lymph nodes
(20% of cases) as well. These data indicate that from the
middle of pregnancy the extrathymic differentiation of
afT-lymphocytes may also occur in mouse peripheral
lymphoid organs. Appearance of peripheral unrearranged
TCRo mRNA suggests that this process is related (at least
partially) to thymocyte migration to lymph nodes because
this marker is not expressed either in mature T-cell or
bone marrow precursors [16].

During the second step of this study similar experi-
ments have been carried out using CBA/J females mated
with males of different strains: CBA/J x BALB/c (normal
allogenic pregnancy), CBA/J x CBA/J (normal syngenic
pregnancy), and CBA/J x DBA/2 (pregnancy with
increased risk of abortion). In contrast to nonpregnant
CBA/J females characterized by thymic RAG-1 mRNA
expression only (Fig. 2), in pregnant mice RAG-1 mRNA
transcript was also detected in peripheral T-lymphocytes
on the 9th day. This was typical not only for normal preg-
nancy (CBA/J x BALB/c, CBA/J x CBA/J), but also for
mating characterized by the increased risk of abortion
(CBA/J x DBA/2). No principal differences have been
found: in all variants of mating the most stable RAG-1
mRNA expression was detected in para-aortal lymph
nodes (in 60-100% cases) and to a lesser extent in axillary
(~40%) and mesenteric (~10%) lymph nodes. Similar
results were obtained using pure population of afT-lym-
phocytes isolated from corresponding lymph nodes (Fig.
2). This rules out the possible influence of B-lymphocytes
or y0T-lymphocytes, which present in lymph nodes and
normally express RAG proteins [4, 19].

Results of experiments with Swiss mice coincided
with the results obtained using linear animals and mode

BIOCHEMISTRY (Moscow) Vol. 72 No. 9 2007



EXTRATHYMIC DIFFERENTIATION OF ofT-LYMPHOCYTES

985

nonpregnant
females
a
:
E|l<|3|=|=
RAG-1 p .
pre-TCRo. -
Bactin > g . - -
pregnant females
b
5th day of pregnancy 11th day of pregnancy | 17th day of pregnancy
3 3 3
£ <| £ - <
RAG-1 9> - .. .-
B_actin _> “ﬁ_‘h ;_'l.\. I F |'_'| ‘.
kbt o

Fig. 1. Expression of RAG-1 mRNA and pre-TCRa mRNA in thymic and lymph node T-cells of nonpregnant (a) and pregnant (b) Swiss
mice. Results of one of 8-12 experiments. Here and in Fig. 2 the following abbreviations have been used: PA) para-aortal; A) axillary; M)

mesenteric; I) inguinal (lymph nodes).

of RAG-1 mRNA expression did not depend of mating
variants. The latter suggests that this is a universal process
(in spite of its limitation) and high frequency of abortions
seen in the mating combination CBA/J x DBA/2 is not
related to RAG-1 mRNA expression.

Existence of rearrangement of the antigen receptor
in lymph node T-cells seen in pregnancy has at least two
logical explanations. The first one implies migration of
immature thymocytes to peripheral lymphoid organs
(induced by various pregnancy-associated factors), where
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they finish their development (Fig. 3). Expression of pre-
TCRa (normally detected only in early thymic precur-
sors) in peripheral T-cell supports this mechanism [16].
The second mechanism suggests activation of recently
detected process known as “antigen receptor revision”;
this process is accompanied by repeated induction of
rearrangement of antigen receptor chains in mature
peripheral T lymphocytes resulting in formation of TCR
of a new specificity [22]. It is also possible that both
mechanisms contribute to this process. Such process may
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Fig. 2. Expression of RAG-1 mRNA in thymic and lymph node T-cells of nonpregnant (a) and pregnant (9th day) (b) CBA mice. Results

of one of 5-12 experiments.

potentially be induced by members of the interleukin-6
family such as oncostatin M (OsM) [13] and/or leukemia
inhibitory factor (LIF) [23] and estrogens [14], which can
also activate processes of extrathymic differentiation of
affT-cells in mice during exogenous administration [13,
14] or in the case of transgenic expression [23]. Also, cer-
tain evidence exists that in OsM transgenic animals
hemopoietic and stromal cells of lymph nodes may pres-
ent tissue-specific antigens as effectively as thymic
epithelial cells; this provides clonal selection of peripher-

al T-lymphocytes during their maturation [24]. Thus, in
the case of OsM-dependent activation of extrathymic dif-
ferentiation, lymph nodes exhibit the thymic functions.
In suggesting biological importance of this phenom-
enon, one should take into consideration that it takes
place under conditions of pregnancy, accompanied by
fetus expression of foreign (father’s) antigens; this sug-
gests involvement of complex mechanisms regulating the
mother’s immune system, which prevents rejection reac-
tions. Elucidation of these mechanisms has not yet been
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Fig. 3. Hypothetical mechanisms underlying appearance of RAG-1 mRNA and pre-TCRa in population of peripheral T-lymphocytes dur-
ing pregnancy. DN) double negative thymocyte (CD4-CD8~); DP) double positive thymocyte (CD4*CD8"); LIF) leukemia inhibitory fac-
tor; OsM) oncostatin M; SP) single positive thymocyte (CD4*CD8~ or CD4-CDS8™).

finished. Special interest is attracted to activation of
rearrangement processes in lymph nodes involved in uter-
ine drainage, which has been demonstrated in this study.
It is possible that this activation consists in both compen-
sation pregnancy-induced thymic atrophy and also local
correction of antigen recognizing repertoire of T-lym-
phocytes due to appearance of new (fetal and placental)
antigens in the body. Perhaps this represents a new, previ-
ously unknown mechanism of formation of tolerance to
these antigens.

The second T-cell subpopulation (ydT-lymphocytes,
differentiating outside thymus and forming its own anti-
gen recognizing repertoire in the cell environment, which
differs from the thymic environment [4, 25, 26]), is espe-
cially important during pregnancy. These cells mainly
control local immune reactions, particularly at the fetal
maternal interphase. At the same time, the immune
response to fetal antigens also occurs at the systemic level
(due to penetration of fetal and placental antigen into the
mother’s blood circulation [27, 28]). The central role in
systemic immune reactions belongs to af T-lymphocytes.
However, cells undergoing clonal selection in the thymus
and lacking contacts with fetal antigens at this stage can-
not exhibit tolerance to these antigens on the periphery.
The hypothesis on possible correction of the antigen-rec-
ognizing repertoire of affT-lymphocytes during pregnan-
cy may solve one of the main problems of reproductive
immunology: why the maternal immune system is toler-
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ant to foreign fetal antigens but at the same time is rather
reactive and mobile with respect to other foreign antigens.
However, the solution of this problem requires compari-
son of repertoire of TCR RAG-1*/pre-TCRa"-T-cells
with corresponding repertoire of the T-lymphocytes dif-
ferentiating in the thymus.

This work was supported by a grant from the Russian
Foundation for Basic Research-Ural (No. 04-04-96064).
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