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IMMUNE RESPONSES ASSOCIATED WITH HODGKIN LYMPHOMA
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HL is characterized by significantly enlarged lymph nodes and the presence of rare Hodgkin and Reed-Sternberg cells. Pathogenesis is not fully understood.
The increase in the disease risk can be associated with immunosuppression, HIV, parenchymal organ transplantation, autoimmune disorders, etc. The possibility
of differentiating pathogenetic and protective immune responses associated with this disease will help understand the causes of the disease and the treatment
prognosis. The study was aimed to determine the features of immune responses in HL depending on the disease duration and the circulating lymphocyte counts.
A total of 134 patients with HL were assessed. The cytogram and phagocytosis were assessed in blood smears stained by the Wright-Giemsa procedure. The
expression of lymphocyte markers in lymphocytes was determined using the indirect immunoperoxidase technique and flow cytometry. Serum levels of cytokines,
immunoglobulins, autoantibodies and circulating immune complexes were assessed by enzyme immunoassay. Comparative analysis of the immune responses
depending on peripheral blood leukocyte counts is provided. It has been found that prolonged HL course is associated with the decrease in the functionally
active T cell counts, progressive neutropenia and monocytopenia, along with the increased activity of the reaginic reactions and autosensitization. In individuals
with lymphocytopenia, mainly small lymphocytes die, the 3-fold decrease in the counts of such lymphocytes is observed; lymphocytopenia is associated with the
deficiency of circulating T cells, both mature and immature, the concentrations of which decrease by 2.5-3 times, while B cell counts show no dramatic changes.
The disease progression is associated with reduction of the lymphocyte homeostasis control by granulocytes and monocytes, along with progressive neutropenia
and monocytopenia.
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MMMYHHbIE PEAKLUU NMPU TIMM®OME XOO>XKKNHA
B. M. Matpaxeesa™?, J1. K. Jobponeesa

PenepancHbiit NCCNEoBaTENBCKUA LIEHTD KOMMIEKCHOTO M3ydeHns ApkTukK nmenn H. . JlaBéposa Ypansckoro otaeneHns Poccuinckon akagemmm Hayk, ApxaH-
renbek, Poccus

JIX xapakTepun3yeTcst 3Ha4MTENbHbIM YBENMMHYEHMEM TMMMDATUHECKNX Y3NOB N HANMUMEM PefKVX KNeTOK XomkkvHa v LLITepHbepra—Pua,. MatoreHes fo koHua He
n3ydeH. PUCK pasBuTUa MOXET yBENMHMBATLCS MPY UMMYHOCYNPEeccun, y naumeHToB ¢ BVIY, TpaHcnnaHTaumen napeHxMMaTo3HbIX OpraHoB, ayTOUMMYHHbIMI
COCTOSIHUSIMA U T. . BO3MOXXHOCTb A depeHLpOBaTh NaToreHETUHECKIIE 1 3aLLUTHBIE MMMYHHbIE PeakLM NPy STO 6OE3HM NO3BOUT MOMOYb Pa30bpaTLCS B
npuYMHax 3abonesaHns 1 NPorHo3ax fedeHus. Liens paboTsl — onpeaeniTs 0COBEHHOCTU MMMYHHbIX peakLii npu JIX B 3aBUCUMOCTY OT AAUTENbHOCTY 60Ne3HN
1 YPOBHS LUMpKynmpytoLLmx numdoumtos. O6cnenosarHo 134 naumerta ¢ JIX. Liutorpammy 1 haroumtos ndyyann B Madkax, okpalleHHbIX Mo POMaHOBCKOMY—
MMm3e. Ha numcoupmtax MeTogamm HeNPSMOo MMMYHOMEPOKCUAA3HOM PeakLyn 1 MPOTOYHON LITOMETPUN ONPEeaensin SKCNPEeCCUo Mapkepos MMMAQoLmMToB. B
CbIBOPOTKE KpoBW MeTofoM VIDA onpefensnm Coaepykanne LMTOKMHOB, UMMYHOTIOBYIMHOB, ayTOaHTUTEN 1 LMPKYIMPYIOLLWX UMMYHHbBIX KOMMeKcoB. [NpoBeaeH
CpaBHUTENBHbBIA aHANMM3 UMMYHHbIX PEaKLIA B 3aBUCYMOCTU OT COAEPXaHUA IMMAOLIMTOB B NEPUMEPUHECKON KDOBW. YCTAHOBNEHO, YTO AMTENbHOE TedeHme J1X
COMPSHKEHO CO CHVXKEHVEM Hicna (DYHKLMOHATBHO aKTUBHBIX T-NMMGOLMTOB, HAapacTaHMEM HEATPOMEHUN 1 MOHOLMTOMNEHWN, Ha (POHE MOBbILLIEHUSI aKTUBHOCTN
pearvHoBbIX peakLuii 1 ayToceHcbunmaauwn. Moy ammdoneHnn nornbaioT NPenMyLLIECTBEHHO Maible IMMAOLMTBI, UX KOHLEHTPaUMS CHKaeTes B 3 pasa;
nMMdoneHns accoummpoBaHa ¢ AeULIMTOM LMPKYIMPYIOLLMX T-MMMOLIMTOB 1N KacaeTcs Kak 3pesiblX, Tak 1 He3penblX T-KNeToK, KOHLEHTpaLMy KOTOPbIX B
KpoBW nagatoT B 2,5-3 pasa, npu 3ToM cofepkaHune B-nmmdoumnToB He npetepreBaeT peskux namMeHeHui. MporpeccupoBaHie 601e3H1 ConpoBOXOAETCS
COKpaLLeHeM Pe3epBOB PerynsLmm IMMAOLMTAPHOrO roMeocTasa Co CTOPOHbI MPaHyOLMTOB M MOHOLIMTOB C HapaCTaHNEM HEMTPOMEHWI 1 MOHOLTOMEHNN.

KntouyeBble cnoBa: numMpomMa XomKKI1Ha, ayToCeHCMonnmnaawms, nMmoneHns, niMmoumTos, peariHbl, aHTUTENO03aBUCKMAA LUTOTOKCUYHOCTb
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Lymphogranulomatosis (Hodgkin lymphoma, HL) is
lymphoproliferative disease, the etiology of which is still being
debated. First of all, the issue of the origin of cells affected
by this disease is addressed. In fact, the lymph node is
transformed into granuloma, in which the clusters of lymphoid,
reticular, plasma cells, granulocyte neutrophils and eosinophil
granulocytes are unevenly distributed. Mononuclear Hodgkin
cells (cells with a strongly basophilic cytoplasm and large
nucleoli that actively divide) are the main diagnostic feature.
The Hodgkin cell is transformed into the multinucleate Reed-
Sternberg cell, having cytoplasm with fewer basophils and low
division rate, via endomitosis [1]. Such cells actively interact with
their microenvironment, create optimal conditions for growth
due to the cell proliferation autocrine and paracrine mediators,
apoptosis inhibition and suppression of cytotoxic cells [2]. The
Reed-Sternberg cells lose most of their B-cell identity, including
B cell receptors, and do not undergo programmed cell death. It
is well known that immunosuppression (HIV, infections caused
by Epstein-Barr virus, autoimmune diseases, etc.) significantly
increase the risk of lymphoma [3]. Infections caused by
such viruses, as respiratory syncytial viruses, adenoviruses,
parainfluenza viruses, coxsackievirus and echoviruses, herpes
viruses and many other viruses, have a cytopathic effect, i.e.
cause degenerative changes in the cellular structures affecting
future cell proliferation, and have an anti-apoptotic effect.
These infections equally affect cells of different origin having
no lymphoid elements. Studying the features of the immune
system function in individuals with proliferative disorders is
necessary to understand the body's immune defenses against
this disorder.

METHODS

A total of 134 patients with the final diagnosis of HL, who
contacted the Biocor Medical Center (Arkhangelsk, Russia),
were studied. The immune status and blood counts of patients
were assessed during remission. Inclusion criteria: patients of
both genders; duration of the disease of 2-18 years; duration
of remission of 5 months to 2.5 years. The diagnosis was
confirmed by histological examination: the Hodgkin cells were
found in all cases, and the Reed-Sternberg cells were found in
78 patients (58.21%). When making a diagnosis, the mixed cell
lymph node involvement was detected in 98 patients (73.13%),
while in other cases nodular sclerosis prevailed. Localization
of the lymph nodes involved was as follows: mostly axillary
(125 cases; 93.28%), mediastinal (65 cases; 48.51%) or inguinal
(562 cases; 38.81%); the cases of submandibular lymph node
involvement were rare (21 patients, 15.67%). The cytogram
and phagocytosis were assessed in blood smears stained by
the Wright-Giemsa procedure, the numbers per 100 cells were
counted. The expression of lymphocyte markers in lymphocytes
was determined using the indirect immunoperoxidase technique
and flow cytometry (Epics XL; USA). Serum levels of cytokines
IL1B, IL2, IL4, IL10, IFNy, TNFa (Bender MedSystems; Austria),
anti-dsDNA, 1gG, IgA, IgM (ORGenTec Diagnostika; Germany),
IgE (Monobind; USA), circulating immune complexes were
assessed by enzyme immunoassay using the Multiskan FSC
system (ThermoFisher Scientific Inc., Finland) and the Evolis
automated analyzer (Bio-Rad; USA). The study results were
processed using the Statistica 6 software package (StatSoft;
USA). The Shapiro-Wilk test was used to test the statistical
hypothesis of differences between the values. The data
obtained were described using the mean values and standards
deviations, as well as the rate of elevated concentrations.
Significant differences between groups were identified using
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the parametric Student's t-test for independent samples and
the nonparametric Mann-Whitney U test. The differences were
considered significant when p did not exceed 0.05.

RESULTS

Comparative analysis of the mean indicators of immune status
depending from the lymphocyte counts in peripheral venous
blood was conducted (Table 1).

The increase in lymphocyte counts is accompanied by
activation of the granulocyte neutrophils and monocytes.
Activation of neutropils is observed in 62% of HL cases with
normal or elevated lymphocyte counts in peripheral venous
blood. The increase in neutrophil counts is associated with
the left shift; the stab neutrophil counts are markedly higher
in patients having no lymphocytopenia. It is well known
that activation of the neutrophilic leukocyte proliferation is
accompanied by the increase in CD10 expression associated
with the increased cell's ability to respond to numerous
inflammatory peptides [4-8]. In cases of lymphocytopenia,
there is no response of granulocyte neutrophils. The increase
in neutrophil counts in HL patients with normal or elevated
lymphocyte counts is associated with the increase in monocyte
counts, signs of monocyte proliferation activation, and elevated
promonocyte counts. Hence, HL in patients with normal
blood lymphocyte counts was associated with neutrophilia
and monocytosis, while patients with severe lymphocytopenia
had a 4 times lower rate of elevated monocyte and neutrophil
counts. Such a response is quite similar to the body’s response
to glucocorticoids. Glucocorticoids, that have long been
used for treatment of neutropenia [9-12], affect migration
of progenitor cells, granulocyte-monocyte progenitors in
blood flow from bone marrow with the 2-4-fold increase in
the number of colony forming cells. Glucocorticoids stimulate
production of colony-stimulating factors by monocytes, the
release of mature granulocytes from the bone marrow into
the blood, granulocyte rearrangement in bloodstream and
migration [13-16]. The following question remains open: what
is observed in HL patients with lymphocytopenia, no response
of glucocorticoids or no significant effect of hormones on all the
above processes? It was found that the disease duration was
a significant factor that affected lymphocytopenia associated
with HL: no lymphocytopenia was observed in almost all
patients (61 individuals; 89.71%) with the disease duration
of up to two years (68 patients); in contrast, the decrease in
absolute lymphocytes counts was found in 46 cases (88.46%)
with the disease duration of four years or more (52 patients).
Lymphocytopenia developing in patients with the long-term
disease results in the increasing circulating mature T cell
(CD3) deficiency and is correlated to the decrease in the levels
of circulating neutrophils and monocytes (p < 0.001).

Neutropenia (< 2 x 10° ¢/L) was found in 19 cases
(81.14%), and monocytopenia (< 0.2 x 10° ¢/L) was revealed in
6 patients (9.84%). Given the fact that granulocyte neutrophils
and monocytes secrete a wide variety of interleukins capable
of changing the cells’ receptor activity together with the cell
adhesive and migratory abilities, chemotaxis, as well as the
activating, colony-stimulating and mitogenic products, it can
be assumed that the changes in their counts are the criteria
of poor disease outcome. Neutrophils are not only important
effector cells, but also regulate and shape the lymphocyte
responses. Neutrophils are actively engaged in shaping the
paracrine cytokine profile, since these cells, secreting all known
cytokines, are involved in apoptosis, contribute to antibody-
dependent cellular cytotoxicity and form extracellular traps
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Table 1. Conep>xaHie NenkoumToB B BEHO3HOW nepudeprieckoin Kposr 60s1bHbIX npu JIX (M + m)

Studied parameters Lymphocytosis (n = 73) Lymphocytopenia (n = 61)
Leukocytes, 10° c/L 11.54 £ 0.29 5.86 + 0.28
Neutrophils, % 49.05 + 0.19 36.69 + 0.21
Neutrophils, 10° c/L 5.66 + 0.19 215+ 0.21
Neutrophilia rate, number/% 62 /84.93 8/13.11
Neutropenia rate, number/% 1/1.37 27/ 44.26
Monocytes, 10° ¢/L 1.98 + 0.06 0.67 + 0.05***
Monocytosis rate, number/% 59/80.82 12 /19.67
Lymphocytes, % 31.46 £ 0.18 36.69 + 0.21
Lymphocytes, 10° c/L 3.63+0.15 1.24 + 0.06™*
Lymphocyte subset panel:
small, 10° c/L 1.93 +0.12 0.92 + 0.04*
medium, 10° ¢/L 1.51 +£0.05 0.29 £ 0.01***
large, 10° c/L 0.19 +0.03 0.15 + 0.02
Mature CD3* T cells, 10° ¢/L 1.66 + 0.09 0.55 + 0.09"**
Immmature T cells, 10° ¢/L 1.39 + 0.07 0.06 + 0.01**
CD3* deficiency, number/% 22/30.14 61/100
B cells, CD19-20*, % 15.55 + 0.32 50.81 + 0.19***
B cells, CD19-20+, 10° c/L 0.57 + 0.06 0.63 + 0.05
Elevated CD19*, number/% 62 /84.93 53 /86.88
CD16", 10° c/L 0.43 + 0.06 021 + 0.04*
CD10, 10° c/L 0.47 +0.04 0.34 + 0.05*
CD71+, 10° c/L 0.63 + 0.05 0.31 + 0.06**
CD25*, 10° c/L 0.51 +0.04 0.42 + 0.03*
HLADRII*, 10° c/L 0.55 + 0.05 0.47 +0.07
CD8*, 10° c/L 0.76 + 0.05 0.21 + 0.06™*
CD4+,10° c/L 0.52 + 0.02 0.58 + 0.06
CD95+, 10° c/L 0.45 + 0.05 0.28 + 0.05**
Cortisol, nmol/L 218.32 + 10.34 129.48 + 9.67*
Norepinephrine, nmol/L (lying down) 1.59 + 0.27 9.22 + 0.51™

Note: **—p < 0.001; ™ —p < 0.01; *—p < 0.05.

[17-22]. The activated neutrophils influenced by IFNy express
high-affinity CD64 (FcyRl) that determines antibody-dependent
cytotoxicity [23-29]. It can be assumed that the decrease in
the neutrophil response activity indicates depletion of the the
lymphoproliferative process reserve capacity, lymphocyte
migration and recirculation control. The same pattern underlies
themonocyteresponse. Like neutrophilicleukocytes, monocytes
shape the cytokine profile, serete colony-stimulating factors,
enable phagocytosis and antibody-dependent cytotoxicity
[30-37]. Perhaps, the effects of monocytes are more prolonged,
since the tissue-resident monocyte counts are several times
higher than the tissue-resident neutrophil counts, and lifespan
of tissue-resident monocytes can be several years. Thus, the
neutrophil and monocyte activation responses associated with
HL can compensate for functional impairment of lymphocytes
and perform regulatory functions of maintaining the portion of
lymphocytes that retains the capability of performing functional
duties.

When there are relatively high neutrophil and monocyte
counts, some favorable features of the leukocyte cellular
compositions are revealed: on average, normal mature T cell
counts, while CD3* deficiency is found in individuals with
lymphocytopenia, and the CD3* deficiency detection rate is
2.5 times higher; predominance of cell-mediated cytotoxicity
over the helper effects of T cells; finally, the relative large

pool of lymphocytes capable of further differentiation. Small
lymphocytes that belong to inactive cells carrying genetic
information hold the largest share of the patients’ circulating
lymphocytes. It is believed that small (usually dark-colored,
“naked”) lymphocytes sized 6-8 pm account for 10-15% of the
whole lymphocyte population circulating in the venous blood
of generally healthy people [38-41]. The significant increase in
the blood small lymphocyte counts (up to 53.17 and 74.19%
of total lymphocyte counts) in patients with the diagnosis
of Hodgkin disease suggests activation of lymphocyte
recirculation in individuals with this disorder. It is well known
that lymphocyte recirculation gives lymphocytes access to all
parts of the body, enables cell-cell interaction and interaction of
lymphoid masses with the lymph nodes, as well as preservation
of adaptive counts of lymphocytes circulating in blood.

The most striking differences revealed were represented by
mature CD3* T cell counts against severe deficiency of such
cells in individuals with lymphocytopenia. Insufficient amounts
of mature circulating T cells were revealed in all patients with
lymphocytopenia, while in individuals with no lymphocytopenia
the deficiency of mature T cells was revealed only in 30% of
cases. However, in fact this significant difference had almost no
effect on the activated T cell counts and helper T cell counts. By
contrast, individuals with lymphocytopenia had 3 times lower
concentrations of cytotoxic T cells. It should be borne in mind
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Table 2. Levels of cytokines, immunoglobulins and autoantibodies in peripheral venous blood of patients with LH (M + m)

Studied parameters Lymphocytosis (n = 73) Lymphocytopenia (n = 61)
IL1B, pg/mL 4.37 +0.06 1.57 + 0.05 **
IL2, pg/mL 8.34 +0.15 6.32 +0.19 *
1L4, pg/mL 15.29 + 0.22 12.36 + 0.23
IL10, pg/mL 1.57 £ 0.07 1.79 £ 0.05
IFNy, pg/mL 21.58 £ 0.12 10.94 + 0.09 **
TNFa, pg/mL 24.43 +0.23 11.67 +0.13 **
IgM, g/L 1.62 +0.19 1.98 +0.22
19G, g/L 21.34 +0.59 19.85 +0.41*
IgA, g/L 0.92 + 0.08 1.52 £ 0.11 ™
IgE, 1U/mL 108.13 + 2.35 194.45 + 3.89 ***
Elevated IgE rate, number/% 25/34.25 49/80.32
Anti-dsDNA, U/mL 73.29 + 1.51 116.52 + 3.58"**
Elevated anti-dsDNA rate, number/% 32/50.68 48/96.72
Elevated CICs (circulating immune complexes), 51/69.86 55/78.68
number/%

Note: ** — p < 0.001; * —p < 0.01; *—p < 0.05.

that a sharp decrease in total lymphocyte counts is due to not
only cytotoxic T cells, but also to the equal extent lymphocytes
having no CD3 on the membrane, and the share of these cells
is relatively large (38.57%). Hence, the disease progression
and long disease duration are associated with the decrease in
total lymphocyte counts, mostly due to CD3*CD8* cytotoxic T
cells and unidentified lymphocytes. The almost 2-fold decrease
in the counts of lymphocytes labeled for apoptosis indirectly
indicates that the levels of ymphoproliferative activity in patients
with lymphocytopenia are significantly lower. Indeed, HL is
associated with reduced lymphocyte functional activity: lower
levels of blast transformation induced by phytohemagglutinin
(22.56 + 113 n 43.24 + 1.89%, respectively); individuals
with lymphocytopenia have lower counts of activated T cells,
especially cells having IL2 receptors. The proliferating part
of lymphocytes (CD10*) is probably represented mostly by
B cells: both types are more abundant in individuals with
lymphocytopenia; patients with lymphocytopenia have higher
concentrations of autoantibodies against dsDNA and reagins
(IgE), as well as T cells having Fclg CD23* receptor. B cell
counts were significantly higher than normal in 85-87% of
cases against the background of moderate increase in total
lymphocyte counts and lymphocytopenia; patients of both
groups had almost the same absolute B cell counts (Table 2).
The decrease in effector cell activity also affects phagocytes.
Among the surveyed individuals with normal lymphocyte
counts and lymphocytopenia, phagocytic deficiency was
found in 65 (89.04%) and 60 (98.36%) patients, respectively.
However, the most significant differences were related to
phagocytic activity of monocytes: the percentage of actively
phagocytic monocytes was very low, in individuals with normal
lymphocyte counts is was 21.35 + 1.33%, while in individuals
with lymphocytopenia the phagocytic cell counts were
9.57 + 0.27%. Reduced functional activity of the effector cells,
especially monocytes, is probably one of the key factors having
a pathogenetic significance for the HL development. High
concentrations of circulating immune complexes in 69 and 78%
of surveyed patients confirm failure of the phagocytic ability of
macrophages in this situation. Perhaps, autoantibodies are of
some importance, the secretion of which is obviously enhanced
in affected individuals, of IgE synthesis intensification. It is well
known that synthesis of this class of antibodies (reagins) is
associated with low doses of antigen and the duration of antigen
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exposure. Reagins, having the highest sensitivity, recognize
even the conformational antigen alterations and realize one of
the most strong and effective antibody-dependent cytotoxicity
responses.

DISCUSSION

HL is characterized by alterations in the lymph node structure
and formation of inflammatory tumor microenvironment due
to crosstalk between the Hodgkin Reed-Sternberg cells and
the immune infiltrate [42, 43]. The study results have made it
possible to develop various HL treatment options, including
targeted small molecule therapy, treatment with antibody-
drug conjugates and checkpoint inhibitors [44, 45]. However,
there is not enough information about the functional activity
of immunocompetent cells associated with the impact of
inflammatory microenvironment depending on the disease
duration. We have found that HL is associated with the immune
response involving activation of cell-mediated and antibody-
dependent responses of isolation and clearance of the pathogen
in the lymphocyte or of the transformed lymphocyte itself.
Perhaps, all the options, including the backup and rather risky
protective mechanisms, such as intensification of the synthesis
of autoantibodies and immunoglobulins of specific class (IgE)
enabling the increased responses, are used in this case. Itis likely
that nodular sclerosis in the lymph nodes also represents the
form of pathogen isolation that is considered to be enforced in
this situation. The intense or long-term struggle may be followed
by the phase of the immune defense reserve reduction and
the period of lymphocyte depletion. The latter is characterized
by mature T cell deficiency with all the consequences. There
is a question about the Hodgkin cells and the ensuing Reed-
Sternberg cells. The presence of immunoglobulins, receptors of
the Fc portion of immunoglobulin (FclgR), immune complexes
on the membranes of these cells, and, most importantly,
the phagocytic ability of these cells testify in favor of their
macrophagal origin. This issue is still being debated. However,
if we assume that initiation of immune response by phagocytic
and presenting cells predetermines its further intensity, we
can accept all the difficulties related to pathogen isolation in
case the pathogen is preserved and even reproduced in the
phagocyte. Anyway, our findings show that monocytes of the
surveyed patients are characterized by extremely low activity;
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accumulation of extremely high concentrations of circulating
immune complexes actually utilized only by monocytes is
reported. This view is also supported by the fact of reduced
blood CD16* mononuclear cell counts in case of the disease
progression in individuals with lymphocytopenia. It is well
known that expression of the gene encoding the CD16 protein
is not associated with the phagocytosis rate and is inherent to
the cells actively secreting cytokines. Thus, lymphocytopenia
observed in affected individuals actually represents a phase
of the immune homeostasis maintenance reserve depletion
due to impaired function of phagocytes and cells showing
antibody-dependent cytotoxicity. This phase of depletion
results from imbalance of the catecholamine and cortisol
responses. However, in contrast to cortisol, catecholamine
levels do not decrease, even when stress becomes habitual
[46-48]. From this perspective, lymphocytopenia associated
with HL is likely to be a criterion of adverse outcome. Such
lymphocytopenia is associated with both the decrease in
activated T cell counts and the deficiency of differentiated
immunocompetent cells.
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