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Adaptive cell therapy (ACT) for cancer patients is gaining increasing importance in practical medicine. For its
implementation, certain subpopulations of circulating lymphocytes are used, as well as lymphocytes obtained from
the infiltrate of autologous tumors. In the available literature, the author did not find information about the plate-
lets using for the implementation of ACT. In experiments on BALB/c mice immunized with sheep red blood cells
(SRBC), it was found that intraperitoneal administration of syngeneic spleen lymphocytes (SL) and platelets (PLT)
from sensitized donors to recipients forms an immune response to SRBC. The immune response is expressed to a
somewhat lesser extent and is formed later, but the dynamics of the response is similar to that in mice immunized
with SRBC only. That is, in the syngeneic system, it was possible to carry out an adaptive transfer of the immune
response to SRBC not only using spleen lymphocytes, but also platelets from sensitized donors. In this regard, the
author consider it promising to further study the possibility of platelets using for the implementation of adaptive
transfer the immune response to intact recipients, as well as the possibility of their using in the adaptive cell therapy.
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The urgency of the problem. Adaptive
transfer (AT) is known to be the transfer of an
immune response to a specific antigen from an
immunized donor to an intact recipient. There
are several variants of adaptive transfer realiza-
tion. The most commonly used transfer of im-
munocompetent cells (lymphocytes) between
monozygous twins or syngeneic animals, one
of which is sensitized to a specific antigen [1].
Currently, adaptive transfer is attracting at-
tention due to the neoplastic diseases treating
possibility [2, 3]. Adaptive cell therapy (ACT)
of cancer patients is gaining more and more
importance in practical medicine [4, 5]. ACT
is carried out using some subpopulations of T
lymphocytes — for example, CCR7*, CD27",
CD28*, CD62L" phenotypes [6, 7, 8], natural
killer cells (NK cells), macrophages [9].

The aim of this investigation was to study
the possibility of platelets using for adaptive
transfer of the primary immune response of
BALB/c mice to sheep red blood cells (SRBC)
to syngeneic recipients.

Materials and research methods

The male BALB/c mice weighing no more
than 20.0 grams were used performing this
work. The mice were kindly provided by the
nursery of the Technological Center of the
Academy of Sciences of Turkmenistan. Mice
of this strain are known to be highly responsive
to SRBC immunization and are widely used in
adaptive transfer studies [10]. Two series of ex-
periments were performed. The design of study
is shown in the figure (Fig. 1). In the first se-
ries of experiments, 15 mice were used, which
were injected intraperitoneally with 0.1 ml of
a 20% suspension of SRBC. The immunized
animals were examined before -, on days 3, 7,
14 and 21 after immunization.

The expression of the primary immune
response of animals to SRBC was judged by
the character of changes in the cellular com-
position of peripheral blood, the value of the
granulocyte index (GI), the number of rosette-
forming cells in the spleen (RFCs), the value
of the leukocyte migration index (LMI) in the
presence of SRBC lysate in a modified reac-
tions of leukocytes migration inhibition [11].

At the peak of primary immune response
to SRBC (days 7-8), some mice were used as
donors of spleen lymphocytes (SL) and plate-
lets (PLT).

The animals were removed from the experi-
ment under ether anesthesia by dislocation of
the cervical vertebrae, the spleen was removed,
homogenized on an ice substrate using a Pot-
ter homogenizer, washed with saline sodium
chloride solution, and a lymphocyte suspension
was prepared on it at a rate of 2x10%ml. At the
same time, platelets (PLT) were isolated from
the peripheral blood of syngeneic donors at the
peak of the immune response to SRBC by the
method of two-stage centrifugation [12], and a
suspension was prepared at the rate of 2x10°/ ml
saline sodium chloride.

In the second series of experiments, 2 groups
of animals, 10 mice in each, were identified —
they served as recipients of drugs and PLT from
syngeneic donors immunized with SRBC. The
recipients of the 1st group were injected intra-
peritoneally with 0.1 ml of the spleen lympho-
cyte suspension; the recipients of the 2nd group
were injected with 0.1 ml of the PLT suspension.
On days 3, 7, 14 and 21 after immunization, the
recipient animals of both groups were examined
according to the same scheme as in the first se-
ries (see the study design in Fig. 1). The data ob-
tained were mathematically processed using the
SPSS program (USA).
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Fig. 2. Dynamics of the characteristics of the immune response of BALB/c mice to SRBC —A,
spleen lymphocytes (SL) — B, and platelets (PLT) — C

Research results and discussion

In the first series of experiments, the pri-
mary immune response of BALB/c mice to
SRBC was expressed by the accumulation of
RFC in the spleen, an increase in the LMI val-
ue, and characteristic changes in the GI value.

The dynamics of the degree of changes in
these characteristics of the immune response
in relation to the initial level, taken as 1, is
shown in Fig. 2.

The diagram shows that the immune re-
sponse of mice to SRBC (Fig. 2A) is maxi-
mally expressed on the 7th day from the
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moment of immunization. At this time, the
number of RFC in the spleen is maximum and
is 23.6 £1.3x10° per 10° lymphocytes ver-
sus 2.3+ 0.01x103 per 10° before immuniza-
tion — that is, it increases by 11 times against
the initial level. Then, in the dynamics of the
immune response, the LMI gradually increases
and on the 3rd day it significantly differs from
the initial level (p < 0.05), becomes the maxi-
mum on the 7th day, being at 187.6 = 11.2 ver-
sus 59.7 £+ 1.9 cu before immunization. That is,
by the 7th day, the LMI increases 3.2 times.
Starting from the 14th day, the LMI gradually
decreases, but on the 21st day it remains signif-
icantly higher than the initial level (p < 0.05).

After immunization of mice with
SRBC, the GI value increases rapidly dur-
ing the first three days and is 1.17 £ 0.03 a.u.
against 0.72 £ 0.05 c.u. before immunization
(p <0.01). By the 7th day, the GI significant-
ly decreases — to 0.5 = 0.03 (the difference is
mathematically significant both in relation to
7 days and the baseline, p < 0.05 in both cas-
es). By the 21st day, the GI practically reaches
the initial level (0.8 = 0.07 c.u., p > 0.05).

In the second series of experiments, in re-
sponse to the administration of spleen leuco-
cytes (SL) to recipients from syngeneic donors
previously immunized with SRBC, the number
of RFC in the spleen also increases (Fig. 2 C),
but at a later date — by 14 days and to a lesser
extent in comparison with the primary immu-
nized animals — 8 times. At the same time (on
the 14th day), the LMI in recipients increases
maximally, but 3.2 times in relation to the initial
level. The GI value, in contrast to the animals
immunized with SRBC, significantly decreases
only on the 7th day, then it progressively in-
creases and by the 21st day it is 1.2 £ 0.03 (the
difference is significant in relation to the initial
level, p < 0.05). When the recipients are inject-
ed with a suspension SL obtained from synge-
neic donors sensitized to SRBC, a changes in
indicators is observed, corresponding to those
in animals immunized with SRBC suspension.
The responce in this case develops somewhat
more slowly and it is less pronounced, but it
is available.

Intraperitoneal administration of synge-
neic PLT from donors previously immunized
with SRBC to recipients also showed an in-
crease in the number of RFC in the teardrop,
an increase in the LMI value and modulation
of GI values, which are characteristic of the
immune response to only SRBC administra-
tion (Fig. 2 C). Namely — on the 7th day after
the administration of PLT, the number of RFC
in the spleen was 11.7 £ 5.2 x 10° per 10° SL,

which is significantly lower than during immu-
nization of animals with SRBC. However, the
difference is significant in relation to the group
of mice immunized with SRBC suspension
(p <0.05) and not significant in relation to the
group of recipients of syngeneic SL from im-
mune donors (p > 0.05). At the same time, the
LMI value in the group of PLT recipients has a
dynamics similar to that in the mice of the pre-
vious group, which received syngeneic drugs.
The LMI value in this case is 132.6 = 11.3%
versus 150.3 £ 9.8 in the group of SL recipi-
ents, that is, slightly lower compared to SL
recipients (p > 0.05), but 1.9 times above the
level of intact control — non-immunized ani-
mals (p <0.01) (Fig. 2 C).

The most informative criterion for assess-
ing the severity of the mice immune response
expression to SRBC is the number of antibody-
forming and rosette-forming cells in the spleen
of an immunized animal. However, we found
that the LMI value in the presence of SRBC
lysate is an equally informative, accessible and
life-saving test throughout the experiment [13].

The absolute values of LMI and the num-
ber of RFC in the spleen depending on the in-
ducer of the immune response are shown in
Fig. 3 (A and B).

The diagram clearly shows that in all cas-
es, but to varying degrees in response to im-
munization, there is a gradual increase in the
number of RFC in the spleen and the value of
LMI. Along with this, the GI value modulates
in a peculiar way. If the number of RFC and
the value of LMI in the dynamics of the im-
mune response gradually increase by 7 days,
then the value of GI sharply increases during
the first 3 days and then by 21 days it progres-
sively decreases to the control level. Thus, the
formation of an immune response to an antigen
is preceded by a sharp release of granulocytes
into the bloodstream, that is, an inflammatory
response from the immunized organism de-
velops. The rate of the inflammatory response
development clearly depends on the inducer
of the immune response. It is maximal upon
mice immunization with SRBC and minimal
upon administration of PLT. But in any case, it
is developing.

We have previously shown that an increase
in the number of the RFC and an increase in
LMI in mice immunized with SRBC correlate
with hemagglutinin titers, GI value and indi-
cate the formation of a primary immune re-
sponse to this antigen [11]. With the introduc-
tion of syngeneic SL from immune donors to
recipients, the same changes in indicators are
observed as with the introduction of SRBC.
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Fig. 3. Dynamics of changes in the number of RFC in the spleen of mice (in 10° per 10°ml) (A) and the
absolute value of LMI, depending on the inducer of the immune response

This allows us to speak about the transfer of
the immune response to SRBC from sensi-
tized donors to syngeneic recipients. That is,
an adaptive transfer of the immune response to
SRBC to intact syngeneic recipients was car-
ried out via SL.

When a PLT suspension from syngeneic
donors sensitized to SRBC was administered to
mice, an increase in the number of RFC in the
spleen and a significant increase in LMI values
were also observed in recipients. The trend lines
in the charts (Fig. 3) are identical. That is, re-
cipients of syngeneic SL and PLT respond to the
SRBC antigen in vitro and in vivo in the same
way as mice immunized with SRBC only, but to
a somewhat lesser extent and at a later date. In
other words, the results of the study suggest the
possibility of adaptive transfer of sensitization to
thymus-dependent corpuscular antigen — SRBC
not only with the help of SL, but also platelets of
the immune syngeneic donor.

Until recently, platelets were not considered
blood cells, but were considered pieces of cy-
toplasm that are detached from megakaryocytes
and enter the bloodstream exclusively as com-
ponents of hemostasis [14, 15]. This common
misconception was based on the fact that plate-
lets have no nucleus. In the last 2-3 decades,
platelets have increasingly attracted the atten-
tion of researchers, not only as participants in
hemostasis processes, but also as participants
in allergic and immunological reactions of the
body [16, 17, 18]. As it turned out, platelets

are rather complexly organized. They are able
to regulate the expression of their own gene,
synthesize protein de novo, and release various
mediators with paracrine effects that affect the
function of other cells in the body [19]. Platelets
have complex post-transcriptional mechanisms,
which allow them to change their proteome, phe-
notype and function, performing active protein
synthesis in response to cellular activation [20,
21, 22]. Platelets are the first to initiate antimi-
crobial protection by detecting the presence of
pathogens or products of inflammation through
multiple immune receptors [23, 24, 25, 26] and
primarily Toll-like receptors (TLR) [27]. Many
cytokines secreted by platelets have direct an-
timicrobial properties [28]. In the other words,
there is a lot of convincing evidence of platelet
immune competence.

If the existence of functionally different
leukocytes subpopulations is proven and gen-
erally accepted, then this cannot be said about
platelets. The existence of platelet subpopula-
tions has been proven relatively recently [29].
As a result of studying the biochemical in-
teractions of blood coagulation proteins and
platelets, platelet subpopulations were discov-
ered that sharply differ in their participation in
membrane and aggregation processes, infor-
mation was obtained on the physiological and
clinical significance of platelet division into
subpopulations [30, 31]. Platelet subpopula-
tions are differentiated according to different
criteria: cell size, its response to activation by
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thrombin [32, 33, 34] and other humoral fac-
tors, for example adenosine 5’diphosphate [35,
36]. Of great interest is a subpopulation of the
so-called “coated platelets” [37, 38, 39, 40].
In hemorrhagic syndrome, a subpopulation
of “gray platelets” — abnormal platelets char-
acterized by the absence of a-granules — was
revealed. They are larger in size, have a gray
color, but do not have a granulomere and not
capable of aggregation [41, 42, 43, 44].

A powerful receptor apparatus, a huge
number of organelles, the ability to neosyn-
thetic processes, a significant amount of RNA,
including mRNA, micro-RNA, ribosomal and
transport RNA and non-coding RNA [45, 46,
47, 48], determine many functions of platelets,
including immune ones.

Adaptive cell therapy stays an important
problem of modern [49]. But, it is well known,
that adaptive transfer of the immune response
to the any antigen is possible only upon trans-
plantation of syngeneic antigen-sensitized
immunocompetent cells to the donor. The
structure of platelets, their functional and mor-
phological features, active participation in im-
mune and inflammatory reactions, the ability to
control the reactions of the immune system, al-
low, in our opinion, to assume the existence of
an immunocompetent subpopulation of plate-
lets. Apparently, there is a certain subpopula-
tion of platelets capable of storing the memory
of the antigen introduced into the body and
transmitting information about it to the recipi-
ent and not only syngeneic.

Conclusion

The study made it possible to reveal the
ability of platelets from immunized donors —
BALB/c mice, for example — to transfer the
state of sensitization to a specific antigen to a
syngeneic recipient. That is, to carry out in the
syngeneic system the adaptive transfer of the
immune response to a specific antigen — in this
case, a thymusdependent corpuscular antigen,
which is SRBC? In this regard, we consider
it promising to study the possibility of using
platelets for the implementation of an adaptive
transfer of the immune response to intact re-
cipients in the allogeneic system, as well as to
investigate the possibility of using platelets in
adaptive cell therapy.

Further research in this direction, in our
opinion, is of both theoretical and practical in-
terest and will be continued by us.
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