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Summary. In pathogenesis of hematological complications the essential role belongs
to activation of the immune and inflammatory reactions accompanied by increased
secretion of cytokines. Data on cytokine contribution in development of hematological
complications in oncological patients are summarized in this review.
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Immune mechanisms are important factors in the development of hematological
complications in oncological patients. The altered production of cytokines is considered to be
essential in immune disorders caused by tumour development and/or carried antitumor
treatment. The raised levels of inflammation mediators, cytokines and their receptors, have
been registered in cancer patients with localized and metastatic forms of the disease.
Activated cytokine production is observed at radio- and chemotherapy. This work presents a
dicussion of the role of cytokines in the development of hematological complications in
oncological patients.

Anemia

Anemia is a frequent complication in cancer patients. Approximately 40%
patients develop anemia by the time of establishment of the diagnosis [1]. In cases of the
prescribed radiotherapy the anemia incidence increases and among the patients getting
chemotherapeutic medications it may come up to 90% [2]. Anti-inflammatory cytokines such
as tumour necrosis factor o (TNF-a) and interleukin 6 (IL-6), along with the other factors
play a significant role in anemia pathogenesis. Anti-inflammatory interleukines are
responsible for the disordered production of erythropoietin (EPO), depressed proliferation
and differentiation of precursor cells, decreased erythrocyte survival rate, disorders in iron

metabolism and utilization, and they also determine inadequate response of erythroid
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precursors to EPO [3]. Cytokine contribution to the development of anemia in oncological
patients has been proved in clinical investigations. The patients with diffuse epithelial
ovarian cancer demonstrated negative correlation of IL-6 with hemoglobin (Hb) level [4].
According to Wang et al. [5], increased levels of interferon y (IF-y), TNF-a and IL-6
contribute to anemia development in the patients with lymphoma. In the cases of renal cell
carcinoma IL-6 is considered to be a significant independent indicator of anemia
development [6]. Involvement of cytokines in anemia development in cancer patients was
proved with the evidence obtained at blockade of cytokine signaling pathways. The trials
included the patients with non-small cell lung cancer revealed that humanized desyalized
antibodies to IL-6 ALD518 increased the levels of hemoglobin (Hb), hematocrit, mean
corpuscular hemoglobin concentration and raised Hb level more than 12 g/dl in 58% patients
with Hb basic level less than 11 g/dl [7]. Experimental model of inflammation anemia in
mice proved that antibodies to hepcidin controlled by IL-6 may be effective for the treatment
of the patients with anemia of inflammation [8].

Leukocytosis

Leukocytosis observed in cancer patients may relate to release of cytokines,
concomitant infection, bone metastasis, undergoing treatment (especially steroids) and other
factors [9, 10]. Leukocytosis is quite rarely is a result of hematopoietic cytokines produced
by tumour. Cases of leukocytosis due to myelopoiesis inductors produced by tumour were
registered in the patients with lung cancer, hepatocellular carcinoma, adenocarcinoma of the
pancreas, gallbladder carcinoma, glioblastoma, nasopharingeal carcinoma, esophageal
carcinoma, melanoma, gynecological tumours and gastrointestinal cancer [9-14].

The higher frequency of paraneoplastic leukocytosis has been registered in the patients
with lung cancer. In the investigation of 227 patients with lung carcinoma the tumour-
associated leukocytosis was registered in 33 patients [11]. High serum levels of granulocyte
colony-stimulating factor (G-CSF) were revealed in 16 cases, of granulocyte macrophage
colony-stimulating factor (GM-CSF) — in 4 cases and of IL-6 — in 18 cases. Examination of
626 patients with metastatic melanoma demonstrated the raised serum levels of G-CSF
observed only in 6 patients. Leukocytosis degree in these patients correlated with G-CSF
level [12].



It was found out that the tumours producing G-CSF and GM-CSF have more
aggressive course and worse prognosis. In cases of thyroid tumour the increased CSF
production was registered mainly in the patients with aplastic cancer [13]. Leukocytosis and
G-CSF high levels before treatment in these patients are connected as well with unfavourable
prognosis. Yamano et al. observed a case of gastric adenocarcinoma which was differentiated
well at the early stage but at the advanced stage transformed into the poorly differentiated
tumour producing G-CSF [14]. At Il and IV stages of lung carcinoma the patients with
leukocytosis caused by tumour production of hematopoietic cytokines demonstrated less
median survival rate compared to the patients whose tumors didn't produce hemopoietic
cytokines.

The measurement of CSF in oncological patients with leukocytosis is obviously rather
significant for the prognosis of the disease outcome. The results of experimental works give
evidence to consider the usage of antibodies to G-CSF or antisense technologies useful for
the treatment of the patients with tumours producing CSF [13].

Lymphopenia

Lymphopenia is often observed in the patients with advanced oncological diseases and
serves as a predictor of chemotherapy induced toxicity. CD4+- and CD56+- lymphopenia
have the highest prediction value [15]. Number of CDA4+-lymphocytes is as well an
independent predictor of overall and recurrence-free survival in the patients with metastatic
tumours [16].

It is supposed that cytokines may lead to the development of lymphopenia via
different mechanisms. The early works in vitro gave evidence of inhibition of early stages of
lymphopoiesis by IL-1a, IL-4 and TNF-a [17] and negative regulation influence of IL-3 and
IL-lac on early stages of T- and B-lymphopoiesis [18, 19]. Experiments on mice
demonstrated that IL-6 stimulation caused uncommitted progenitors to express the Id1
transcription factor, which is known to inhibit lymphopoiesis and elevate myelopoiesis [20].
It has been established that suppressor effect of inflammation mediator neopterin on B-
lymphopoiesis is mediated by activation of proinflammatory cytokine genes expression such
as TNF-a, IL-6 and TGF-B in stromal cells [21]. There are available evidence of TNF-a
involvement in induced apoptosis of T-lymphocyte subpopulations [22, 23]. Suppressor

effects of T-regulatory cells, number of which is increased significantly in oncological



patients, are realized by production of cytokines TGF-B, IL-10, IL-35, involved in inhibition
of proliferation and activation of immune competent cells [24].

At the same time clinical data about the relation of cytokines and lymphopenia
development in oncological patients are limited. In the patients with soft tissue sarcomas
lymphopenia was connected significantly with increased serum levels of IL-6, IL-2 soluble
receptor and TNF receptor [25]. Our research [26] found out relations between serum levels
of IL-10, IL-6, TNF-a. and lymphopenia in the patients with uterine cancer treated with
radiotherapy.

Recently some clinical investigations have been initiated aimed to reconstitute immune
system in oncological patients before and directly after chemotherapeutic treatment to prove
the influence of the given therapeutic strategies on overall survival rate. Cytokines IL-2, IL-
7, IL-15 and IL-21, belonging to the family which uses common vy-chain of cytokine
receptors for transmission of signals are considered to be possible candidates for increasing
of number and strtenghthening of fuctional activity of lymphocytes at lymphopenia in
oncological patients [27].

Thrombocytosis

Thrombocytosis is a common phenomenon in cancer patients and it serves as a
predictor for increased frequency of metastasis and decreased survival rate in these patients
[28-30]. Thrombocytosis development in oncological patients may be connected with
increased levels of cytokines involved into regulation of thrombocytopoiesis.
Thrombocytopoietin as a principal regulator of thrombocyte production as well as other
cytokines such as IL-1, IL-4, IL-6, IL-11, TNF play an important role in thrombocytopoiesis
[31]. In the research carried out in oncological patients with thrombocytosis the increased
levels of thrombopoietic cytokines, mainly thrombopoietin and IL-6, were observed.
Patients with solid tumours and reactive thrombocytosis had higher levels of thrombopoietin
compared to the patients with no neoplasms with reactive or essential thrombocytosis [32]. In
the patients with ovarian epithelial cancer the number of thrombocytes correlated with the
levels of IL-6 and thrombopoietin in blood plasma [33]. The correlation of high IL-6 levels
in ascytic fluid with the level of circulating platelets was revealed in the patients with this
nosology and it allowed to suppose the value of IL-6 for the development of tumour-

associated thrombocytosis [34]. The ovarian cancer model in mice allowed to reveal that



increase of thrombopoietin synthesis in liver as a response to IL-6 of tumour origin is a
mechanism responsible for the development of paraneoplastic thrombocytosis. It is believed
that this mechanism may be involved as well in the development of thrombocytosis in
ovarian cancer patients. Use of antibodies to IL-6 reduced significantly the number of
platelets in tumor-carrier mice and those affected with ovarian cancer [33]. Normalization of
platelet number with the usage of antibodies to IL-6 was observed in the patients with
metastatic renal cell carcinoma that suggests IL-6 participation in the development of
thrombocytosis in these patients [35]. The revealed thrombocytosis in the patients with
refractory cancer who received recombinant IL-6 gives evidence in favour of IL-6
involvement in thrombocytosis development [36].

Thrombocytopenia

Thrombocytopenia is a common symptom in oncological patients. Aplasia of bone
marrow due to cytotoxic impact of chemo- or radiotherapy is considered to be a main cause
of thrombocytopenia. Bone marrow infiltration with tumour cells, immune thrombocytopenia
(ITP) or disseminated intravascular coagulation are more rare causes [37]. The role of
cytokines in thrombocytopenia development in oncological patients has not been studied
enough. The studies on mice demonstrated that cytokines may be involved in the
development of secondary myelodysplastic syndrome caused by antitumor therapy. Cachaco
et al. [38] showed that radiation-induced TNF-o causes bone marrow cells apoptosis leading
to the decreased levels of leukocytes, megakaryocytes, thrombocytes and development of
macrocytic anemia. TNF-a knockout mice demonstrated significantly less apoptosis of the
bone marrow cells, sustained number of megakaryocytes and absence of other cytopenias.

Autoimmune thrombocytopenia was observed in the patients with various types of
oncological diseases. The most frequently this complication occurs in those patients with the
cancer of lungs and breast cancer, less — in the patients with renal cell carcinoma and
ovarian cancer [37]. An accelerated destruction of thrombocytes under effect of
autoantibodies and disordered production of thrombocytes is seen at ITP. Some evidence is
given concerning the role of cytokines in ITP pathogenesis. Some works report about
increased proinflammatory cytokines bound with Thl and Thl7 cellular responses in ITP

patients [39, 40]. At the same time other authors observed a Th2 cytokine pattern in the



patients with ITP [41]. No researches concerning balance of Thl and Th2 cytokines in
oncological patients with the proved diagnosis of ITP were undertaken.

Minor researches devoted to the study of the origin of thrombocytopenia in
oncological patients mention the increased level of certain cytokines suppressing
megakaryocytopoiesis and/or stumulating reticuloendothelial system. A case of severe
thrombocytopenia in the patient with metastatic colorectal cancer after the 14™ cycle of
chemotherapy with oxaliplatin was described. Decrease of platelet level was accompanied
with the increase of TNF-a and IL-10 levels [42]. Negative correlation was determined
between IL-2 and platelet level in our investigation [26]. The obtained data about presence of
thrombocytopenia in oncological patients treated with cytokines give evidence in favour of
involvement of cytokines in mechanisms connected with thrombocytopenia development. In
particular, thrombocytopenia development was observed in oncological patients treated with
IL-2 [43] and TNF-a [44]. It was established also that cytokine gene polymorphism may be
connected with increased frequency of thrombocytopenia in the patients who received
chemotherapy. At treatment with 5-fluorouracil and cysplatin thrombocytopenia was
registered more frequently in the patients with IL-6-634 GC and GG genotypes, IL-1B-
511 TC and TT genotypes and TNF-a-1031 TT genotype [45].

Eosinophilia

About 5 % of the patients with malignant neoplasms have mild or moderate
eosinophilia (within 500/mcl and 1500/mcl). Severe peripheral eosinophilia was registered in
the patients with hematological and solid tumours including gastrointestinal cancer,
bronchial carcinoma, sarcomas and prostate cancer [46]. It is supposed that eosinophilia in
oncological patients may be a result of raised cytokine secretion of immune cells or tumour
which are involved in eosinophil proliferation regulation such as IL-5, granulocyte-
macrophage colony-stimulating factor (GM-CSF), IL-3 [47, 48].

Development of eosinophilia in oncological patients may be related to the shift in the
Th1/Th2 balance to the dominance of Th2 lymphocytes and with increased production of
cytokines of Th2-type involved in the development of eosinophilia [49]. Development of
eosinophilia in oncological patients was also observed at the treatment with cytokines
inducing production of cytokines, promoting development of eosinophilia. Eosinophilia was

registered in the patients with platinum-resistant or platinum-refractory ovarian cancer at



treatment with IL-2. Peripheral pull of eosinophils increased significantly after fulfilment of
immune therapy and was connected with increase of circulating eotaxin level [50].
Development of eosinophilia was observed in the patients with melanoma at immunotherapy
combining peptide vaccine and low systemic dosages of IL-2 [51]. A week after the start of
IL-2 subcutaneous injections the circulating levels of IL-5 reached maximum and in 2 weeks
significant eosinophilia was registered correlating with IL-5 serum levels. At IL-5 serum
peak peripheral blood lymphocyte responses to mitogen indicated temporary shift to Th2
cellular response.

Cases of tumour-associated eosinophilia determined by tumor-derived IL-5 and GM-
CSF have been described. Pandit et al. [52] reported of hypereosinophilia and increased IL-5
serum level in the patient with locally disseminated non-small cell lung cancer. Normalizing
of the number of eosinophils and IL-5 level after tumourectomy, as well as high tumor cell
expression of IL-5 served as evidence of the relation of tumour IL-5 with eosinophilia
development. The cases of association between peripheral eosinophilia and the tumour-
produced IL-5 were observed as well at hepatocellular carcinoma [53], disseminated
gastrointestinal cancer [48], disseminated colon cancer [54]. The correlation of increase in
the production of G-CSF and GM-CSF in the tumour tissue with neutrophilia and
eosinophilia registered in the patient with thyroid carcinoma [55] and in the patient with
large cell carcinoma of lung [56].

Currently, available evidence proves a significant role of cytokines in the
development of hematological complications in oncological patients. As the outcome of
cancer is determined frequently with complications emerged in different periods in its course,
cytokine profile analysis is a topical for oncological patients because of possibility to predict
and determine the ways for prevention of complications. Identification of specific cytokines
which may serve as biological markers for identification of the patients with high risk of
various hematological disorders or their set, determination of levels when cytokines may
cause development of symptoms as well as the further elucidation of cytokine-mediated
mechanisms involved in the development of hematological complications are important
tasks.
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