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Summary: Here we present the concept of making own patient’s anti-cancer treatment more efficient 
and starting at testing the efficacy of immunological system. The respective tests are suggested, 
with special attention devoted to tumour- induced microenvironmental changes. The tumour should 
be considered to represent a complex tissue in which the cancer cells communicate directly and in-
directly with the surrounding cellular immunological surrounding and develope traits that promote 
their own survival. The results of tests allow to propose a rational, individually profiled treatment 
of a patient, especially directed to elimination of blocks inhibiting the immunological system due 
to effects of cancer cells. The elimination can be implemented using commercially available anti-
bodies, targeted at the cell surface receptors for inhibitors of T lymphocytes (CTLA-4 and PD-1). 
Outcome of the therapy is slow to appear and the results used to be selective. Some patients gain 
long term improvement and respective predictive markers are now tested. It is assumed that the 
future anti-cancer therapy will be individually targeted, based on individual tests and an assistance 
of own immunological system of the cancer patient.
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METHODS OF EVALUATING IMMUNE SYSTEM EFFICACY IN 
PATIENTS WITH TUMOURS

An immunomodulating therapy represents a type of individualised therapy 
[10, 16]. It is obvious that production of an autovaccine using tumour or leukemia 
antigens and own dendritic cells we refer to the well recognised condition of 
a given patient [33, 77]. Nevertheless, with an increasingly broad introduction 
of immunotherapy with application of drugs, e.g. blocking local control of 
lymphocytes T („checkpoints”), several problems appear linked to evaluation of 
immunity, defined as „immunoscoring” [23]. Taking into account various responses 
to immunomodulatory treatment, the therapy, analogously to the targeted therapy 
should not be implemented without individual evaluation. Moreover, effects of 
immunotherapy may be unpredictable since it is a novel treatment and its distant 
effects remain unknown. In many patients the treatment releases severe undesirable 
effects, e.g. autoimmune reactions [67]. The following elements compose the 
problem of evaluating immunity in a patient with the tumour:
- evaluation of host’s immunity on the basis of tests conducted on peripheral blood,
- evaluation of immunity at the site of tumour development, e.g. in biopsy , surgical 
material, in BAL fluid,
- test of the biomarker significant in a prognostic evaluation is additionally used  
in clinical evaluation before therapy and can be monitored,
- the evaluation examines effects of the earlier applied chemo- or radiotherapy, 
target therapy  and it should indicate potential for applying them in association 
with immunotherapy. 

The environment within which solid tumour develops represents a distinct and 
specific space, housing cell mediated and humoral immunity interactions. The 
functional space of the microenvironment is formed by neoplastic cells, fibroblasts, 
cells of vascular endothelium, macrophages, dendritic cells, lymphocytes and 
the intercellular matrix. Moreover, tumour microenvironment manifests altered 
conditions, among other hypoxia, which promotes angiogenesis and modify 
epithelial-mesenchymal transition (EMT) of neoplastic cells [20].

A very important role in the immunosurveillance is played by cell-mediated 
defense. The tumour-surrounding inflammatory infiltrate contains variable 
numbers of inflammatory cells:  
- tumour-infiltrating lymphocytes (TILs)  
- tumour-associated macrophages (TAMs)
- tumour-associated neutrophils (TANs))
- tumour-associated tissue eosinophils (TATEs).
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A valuable material for evaluation of inflammatory reaction originates from 
the surgically removed tumour. In such a material a phenotype and function 
of TILs can be estimated. Since estimation of lymphocyte phenotype in the 
tissue material is very important, immunohistochemistry used to be employed. 
This, however, poses significant technical problems since due to the absence 
of applicable standardized methods of quantitative analysis, the results of such 
estimations are generally difficult to compare. In a few studies quantitative 
analysis of lymphocyte types which infiltrate the tumour was found to be useful as 
a prognostic index [42]. A similar significance is linked to typing of lymphocytes 
in lymph nodes, which were removed together with the tumour (surgery of, 
e.g. lung tumour, colorectal cancer, mammary tumour involves removal of the 
tumour with the margin of healthy tissues together with regional lymph nodes). 
Photograph 1 illustrates results of phenotyping of lymphocytes in lymph nodes 
excised from mediastinum together with lung cancer). 

At present, clinical practice contains no standards for evaluation of body’s 
immune system before implementation of the treatment. In view of introduction to 
therapy of drugs blocking PD-1/PD-L1 axis, in numerous studies expression of PD-
L1 was examined on cancer cells in archival surgical material. Immunohistochemical 
techniques and various techniques of quantitative evaluation were applied for the 
purpose. A review of such studies pointed to a relatively low proportion of  PD-
L1 positive tumours (around 30%), but also an extensive divergence of the results 
(13 -80%) [38]. Patients with presence of PD-L1 were found to survive longer 
than patients with the negative result [25, 76], even if the latter patients better 
responded to treatment. Therefore, credibility of several such studies is subjected 
to doubts. The question also arises whether presence of lymphocyte infiltrates 
in a tumour reflects the initial condition of a patient or (and to which extent) it 
has resulted from treatment (neoadjuvant chemotherapy). Results of studies 
on cells propagating the tumour seem to indicate the new sensible direction of 
studies: a pronounced expression of PD-L1 was demonstrated on cells of head 
and neck cancers; possibly they can be significantly responsible for mobilization 
of the mechanisms which reduce cytotoxicity of lymphocytes T [54]. It should 
be remembered that PD-L1 becomes expressed not only on cancer cells but also 
on lymphoid and myeloid cells and the appropriate therapeutic conclusions can 
be drawn only when distinction is made between the populations. In the context 
of the observed efficacy of the already registered drugs, blocking the so called 
checkpoints of T lymphocytes (CTLA-4, PD-1), evaluation of neoplastic cells in 
respect to expression of the ligands seems to represent an appropriate manner of 
qualifying patients with pulmonary carcinoma to immunotherapy.
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PHOTOGRAPH 1. Results of phenotyping of mediastinal lymph nodes resected in patient with lung 
adenocarcinoma. Monoclonal antibodies and automated immunohistochemical system (Systems/Ro-
che Diagnostics Ltd.). Magnification x 400
a/ lmphocytes T CD8+, b/ lymphocytes CD25+, c/ lymphocytes with positive nuclear reaction for 
FoxP3
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ANALYSIS OF IMMUNE SYSTEM CELLS IN LUNG CARCINOMA

In most of cases, lung carcinoma (over 70%) cannot be qualified for resection 
due to marked advancement of the disease at the moment of diagnosis and this 
restricts the potential for studies on the inflammatory infiltrate. Examination of small 
samples of tumour obtained upon diagnostic bronchoscopy provides no insight into 
the type of inflammatory infiltrate. Literature of the subject presents data obtained 
on cell lines developed from cells of lung carcinoma [69] or in experimental studies 
on animals. Most of studies analyzing immune system in patients with pulmonary 
were based on tests conducted on peripheral blood. 

The method which allows to reproducibly and effectively evaluate type 
of inflammatory reaction at the site of lung cancer development involves  
bronchoalveolar lavage (BAL) [50]. BAL can be performed in patients with various 
and practically any stages of disease advancement. Moreover, it involves material 
sampled during routine diagnostic bronchoscopy, and it reflects the initial condition 
of immune system, before treatment and individually characterizing a given patient. 
The examination allows to obtain cellular and extracellular material from the 
bronchoalveolar space, from a significant surface of peripheral respiratory tract [2, 
5]. In practice, this involves introduction of around 200 ml of saline to the space of 
pulmonary alveoli, in samples of 50 ml each, and sucking off the fluid until around 
50-70% of the original volume has been recovered. The ”rinsing of pulmonary 
alveolar surface” yields cellular suspension with few millions of cells manifesting 
the viability of over 90%. In healthy non-smokers the cellular composition of 
BAL is constant: the suspension contains >80% alveolar macrophages, <20% 
lymphocytes, <3% neutrophils and <0.5% eosinophils [2, 5]. A routine processing 
of the material involves preparation of cell sediment, scoring the total number of 
cells, determination of types of the present cells, including, e.g., neoplastic cells 
and calculation of the proportion of inflammatory cells [2, 5]. The obtained cell 
suspension can be qualified to examine cell phenotypes and cytokine composition 
using, i.a. flow cytometry, one of the principal approaches in evaluation of immune 
disturbances. The cells obtained in BAL can be isolated and cultured. In numerous 
studies, including our own, significance of BAL was proven in diagnosis of 
peripheral pulmonary tumours both in the range of cell analysis and produced by 
them cytokines [7, 11, 13, 14]. A study conducted at present by the authors points to 
a distinct character of inflammatory reaction in the lung, which contains the tumour 
than in the lung containing no tumour. Thus, the immune diagnosis is justified in the 
region of pulmonary lobe containing the tumour. 

Condition of the immune system is modified by external conditions, coexisting 
diseases and the applied drugs. A pronounced immunomodulatory effect of tobacco 
smoke has been proven: it affects not only the respiratory system but it also induces 
systemic alterations [8, 9]. In our own studies we found a significant effect of 
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tobacco smoking on lesions in pulmonary environment: in BALs obtained from 
smokers a proportion of helper Th lymphocytes (CD4+) was reduced and that 
of cytotoxic Tc lymphocytes (CD8+) was increased. This resulted in a marked 
reduction of the ratio of CD4+ to CD8+ lymphocytes. The ratio is commonly used 
in evaluation of cell-mediated immunity [30, 31]. As already mentioned above, an 
inflammatory process in the respiratory system is markedly affected by coexisting 
diseases, particularly the chronic obstructuve pulmonary disease (COPD), also 
strictly linked to tobacco smoking. COPD augments the risk of developing lung 
cancer [73], it is an inflammatory disease and its development is supposed  to 
involve effects of autoimmunity [12]. Inflammation in COPD is characterized by 
prevalence of CD8+ lymphocytes,  neutrophils, proinflammatory cytokines and 
a deficiency of regulatory lymphocytes [12]. Analysis involving the condition of 
immune system in patients with pulmonary carcinoma one must take into account 
history of cigarette smoking and potential diagnosis of COPD [15] . 

Examination of the induced sputum represents a certain equivalent of BAL 
in evaluation of inflammatory process in respiratory pathways [6]. This material 
originates from upper portions of respiratory system and, similarly to BAL, 
contains all the typical inflammatory cells, mostly macrophages and neutrophils. 
Unfortunately, such a material poorly qualifies for evaluation of lymphocyte 
subpopulations, but studies on macrophages with the use of immunocytochemistry 
yielded very interesting results. In our own studies we demonstrated that 
smoking of cigarettes induced an increased expression of activation markers on 
macrophages in the induced sputum, which may find application in early diagnosis 
of pulmonary cancer [28].  

DESCRIPTION OF PRINCIPLES IN TUMOUR TREATMENT, 
TAKING INTO ACCOUNT BLOCKING OF IMMUNE SYSTEM

Description of the complete procedure in anti-neoplastic treatment may be 
summed up by:
a. maximum reduction of neoplastic cells number associated with possibly  
insignificant damage to normal tissues (chemotherapy, radiotherapy, immunotherapy).
b.  expansion of the pool of lymphocyte clones able to recognise the neoplastic cells 
(vaccines) [80]
c.  „unblocking” of the immune system by administration of anti-CTLA-4 and anti-
PD-1 antibodies (drugs)
d.  „unblocking”of p53 protein finction, the inner pathway of apoptosis [26].

At the second stage of the treatment or in parallel the physician attempts to 
recover activity of the immune system, blocked in the neoplastic disease. Since 
the number of cells in the immune system, which are directed against the tumour 



102 J. KAWIAK, G. HOSER, J. DOMAGAŁA-KULAWIK

remains unknown, the physician at first attempts to induce in the patient several 
clones of specific T lymphocytes recognising epitopes currently characterising 
the neoplastic cells [80]. The immune system can be activated using low doses of 
chemotherapeutic agents, e.g. cyclophosphamide restores homeostasis of dendritic 
cells [46]. Attempts are also made to activate inborn immunity using such agents 
as TLR agonists [62], or vaccination with dendritic cells „loaded” with antigens  
isolated from patient’s tumour [34, 63]. This, in a restricted range, is used in the 
treatment [39, 60]. However, another approach to the problem is possible: tumour 
cells, similarly to normal cells may die due to apoptosis. Administration to the 
patient of cells of his own antigens,  in the form of extracts, tumour lysates, viable 
cells with induced apoptosis may provide autovaccine and it provides  the patient 
with objective clinical responses more frequently  (in 8.1% of the patients ) in 
various tumours than in patients following therapy employing individual tumour 
antigens (a response in 3.6% patients) [47]. Administration of autovaccine leads 
to presentation to lymphocytes T of the current tumour cell epitopes; current since 
a neoplastic tumour consists of various pathologically altered cells and the scope 
of their antigens alters during tumour development. Thus, autovaccine induces 
appearance in the host of multiple clones of T lymphocytes capable of recognising 
current epitopes of his own tumour. Such autovaccine was tested in an experiment 
on animals, in which mice were grafted with semisyngeneic leukaemic calls in 
apoptosis [35, 36, 70]. In optimal conditions of the experiment the tumours could 
be cured in even 2/3 of the animals [36]. However, the animals manifested an 
efficient immune system. This differs from the patients in whom the developing 
tumour gradually makes the system inefficient. In a clinical experiment, similarly 
the autovaccine was administered to patients with chronic B-cell leukaemia 
[33, 37]. This resulted in minimum unfavourable signs/symptoms but in some 
vaccinated patients it blocked increase in circulating numbers of leukaemic cells 
or resulted in their reduction during observation. In the patients the number and 
behaviour of various fractions of B, T, NK, Treg and NKT lymphocytes were 
controlled using flow cytometry. The vaccination resulted in a transient inhibition 
of the tumour development but it did not result in cure of the disease. In 10/17 
patients, who responded to the treatment, the stable condition persisted for 45.6 
months (3.8 years) (the observation was not longer continued before publishing 
of the results). In the paper published in parallel, the mechanism of neoplastic 
antigens cross-presentation by mDC cells was presented in similar patients [34]. 
In this procedure, production in vitro of myeloid auto- or allogeneic dendritic cells 
was described. The isolated dendritic cells were exposed in a culture medium to 
lysed or apoptotic leukaemic cells of the patient. The mDC cells phagocytosed the 
administered to the culture fragments and lysates of the cells. Such „burdened” 
dendritic cells, additionally activated in vitro by tumour necrosis factor (TNFα) 
were subcutaneously returned to the patient. This provided a type of vaccine. 



PROBLEMS OF CANCER TREATMENT. PART II 103

According to other authors [75], similar dendritic cells with the phagocytosed 
material become transplaced to lymph nodes [56] and there they cross-present, 
with MHC class I molecules, epitopes of leukaemic cells. In this case, the observed 
therapeutic effect resembled that noted following administration of autovaccine 
of in vitro irradiated leukaemic cells [33, 37, 47]. Also administration of dendritic 
cells was suggested as an anti-neoplastic vaccine [34, 53], the effect of which 
might be amplified by low doses of chemotherapeutic drugs [59]. Obviously, 
financial cost and complexity of an experiement with in vitro production and 
use of dendritic cells do not permit to treat this approach as a routine method. 
Neverthelss, the data obtained in the clinical experiment supplement each 
other and administration of own irradiated leukaemic cells can be accepted to 
represent an examined on patients manner of augmenting clones of anti-neoplastic 
lymphocytes, the cytotoxic functions of which may be used. 

The additional observation is worth noting, made on irradiated cells 
(unpublished data, Kawiak J, Tabarkiewicz J): apoptosis of leukaemic cells was 
induced using a dose of 1000 Gy gamma rays (137Cs). Not all irradiated cells were 
found to immediately enter apoptosis, which, after its start, continued for around 
2 hours. Some irradiated cells entered the process after one or even after 4 days 
and in this way extended the proapoptogenic action of a single cell irradiation 
and, therefore, also induction of anti-neoplastic lymphocytes activation following 
administration of the cells in the vaccine. Moreover, such cells with the induced 
but not yet started apoptotic process were described to release numerous 
microvesicles, very effective in transmitting neoplastic epitopes to lymphocytes 
T in the cross-presentation. Also at present the principle of administering vaccine 
of the own patient’s neoplastic cells is followed since it represents a simple, 
economic and effective manner of the direct administration of antigens directly 
linked to the tumour, e.g. in AML. [61]. 

Already in the first part of this article the activated lymphocytes T were 
mentioned to be capable of an effective response when they received two signals: 
the signal of epitope recognition and the signal of co-stimulation. The latter 
originates from interaction of CD28 receptor on lymphocytes T with B7 ligands on 
the target cell and the interaction is blocked e.g. by CTLA-4 in tumours, including 
B-CLL cells [22]. Expression of CTLA-4 in cells of neoplastic tumours of, e.g. 
non-small-cell lung cancer (NSCLC) develops in 51-87% cases [64]. CTLA-4, 
interacting with B7 of APC cells provides the signal for inhibition of immune 
response.  Recovery of co-stimulation in cases of neoplastic process, i.e. recovery 
of the desirable reaction, would require blocking of CTLA-4. Such blocking 
humanised monoclonal antibody (Ipilimumab), binding to CTLA-4, undergoes at 
present clinical tests [55, 57] (tab. 1). 
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TABLE 1. Antibodies used in clinical practice for unblocking immune system cells in malignancy

ANTIBODY ANTIGEN TARGET CELLS REFERENCES

Ipilimumab CTLA4 Lymphocytes T 63,64,65,45

Nivolumab PD-1 Lymphocytes T 1a,75a

Lambrolizumab PD-1 Lymphocytes T 51

Administration of anti- CTLA-4 antibody to a patient with a tumour, e.g. 
melanoma: a/ prevents against binding of CTLA-4 to B7 ligand on the antigen-
presenting cell, b/ reduces inhibition of CD28/B7 interaction following activation 
of lymphocyte T, c/reduces numerical force of Treg lymphocyte population, which 
manifests persistant expression of CTLA-4. Administration of the antibody specific 
for CTLA-4 leads to activation of immune responses to neoplastic antigens in 40% 
patients with an advanced tumour, which cannot be surgically excised [71]. With 
a delay of a few weeks, positive effect of treatment with the antibody is noted in 
around 10% patients with NSCLC [72]. 

Neoplastic cells may express the PD-L1 ligand (CD274) (ligand of proapoptotic 
surface receptors of cell death), which in activated lymphocytes with expression of 
PD-1 receptor inhibits proliferation and induction of apoptosis. Expression of PD-1 
is manifested by lymphocytes B, lymphocytes NK and lymphocytes T. Ligands PD-
1, e.g. ligand PD-L1 are present on haemopoetic cells (lymphocytes B, T, myeloid 
and dendritic cells) but also on endothelial cells, cells in the heart, lungs, pancreas, 
muscles and placenta. On normal cells expression of the ligand is low. On the other 
hand, cells of neoplastic tumours exhibit high expression of PD-L1. Level of the 
expression was found to correlate with the survival of the patients. In patients with 
PD-L1-positive melanoma, expression of the ligand is higher locally, in the tumour 
environment with accumulated lymphocytes T [74]. The PD-L1+ melanoma cells 
were located close to TILs. Also INFγ was detected in sites of contact between cells 
of melanoma PD-L1+ and TILs. 

In many other neoplastic tumours TILs exhibit high expression of PD-1, and 
tumour cells manifest high expression of PD-L1 ligand [1]. Lymphocytes, monocytes 
and other cells gain manifestation of the receptors after activation.  In this way, 
functions of tumour-recognising lymphocytes T become eliminated by neoplastic 
cells. This can be prevented by administration of a specific anti-PD-1 antibody, the 
trade name of Nivolumab, currently registered for clinical trials in USA and Japan 
[68]. The antibody blocks binding site of PD-L1 ligand, which cannot reach PD-1 
receptors on the recognising lymphocytes. In this way the latter are protected from 
apoptosis but the co-stimulation signal does not become unblocked. 
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Nivolumab, the human monoclonal antibody of IgG4 class, free of ADCC 
cytotoxicity, was administered to patients with various tumours in their advanced 
stages, every two weeks for a period of two years. In an advanced melanoma, 1 
and 2 years were survived by, respectively, 52% and 43% treated patients [24] 
. Expression of PD-L1 ligand was evaluated also in the archival material of 
tumours and it was detected in 16% patients. A similarly targeted monoclonal 
antibody (Lambrolizumab) manifested a significant anti-neoplastic activity in 
melanomas [27]. Also another monoclonal antibody was produced, the tecomotid, 
directed against MUC1 antigen [4], the antibody with which hopes are linked 
related, in particular, to treatment of lung cancer. Clinical trals with the antibody 
blocking the  PD-1/PD-L1 pathway demonstrated a sufficient efficacy in treatment 
of lung cancer that the drug was registered in USA and Europe for treatment 
of squamocellular cancer of the organ [57]. In a few studies presentation of 
augmented expression of ligands for PD-1 receptor by lung cancer cells was found 
to carry predictive significance: a better response is expected to treatment with 
anti-PD-1, anti-PD-L1 [66].

During in vivo  attempts with the mentioned antibodies, the best results 
of treatment of melanoma and other examined tumours proved to be obtained 
using parallel administration of both mentioned antibodies targeted at CTLA-
4 (Ipilimumab) and PD-1 (Nivolumab), the action of which supplement each 
other [19, 52, 78]. Patients after chemotherapy or chemotherapy associated 
with immunotherapy with rytuximab following administration of the mentioned 
above drugs manifested for many months a slowed down tumour development. 
Preliminary, positive results were also obtained in treatment of melanoma by 
parallel blocking of angiogenesis (using monoclonal antibody, bevacizumab) and 
blocking of CTLA-4 on lymphocytes [51].

Other clinical trials were conducted on patients with an advanced, already 
previously treated melanoma, administering them with peptide vaccine against 
gp100 antigen, aimed at amplification of the lymphocyte pool directed against 
neoplastic cells and with CTLA-4-specific antibody (Ipilimumab), or both the 
factors in parallel [29]. A significantly longer survival was observed in patients 
receiving  Ipilimumab (10.0 months), including the patients receiving the 
combination with the peptide vaccine (10.1 months), as compared to results 
obtained in patients who received the peptide vaccine only (6.4 months). The 
peptide vaccine aimed at augmenting numbers of T lymphocytes capable to 
respond to a selected oncogen. 

A still another factor, which inhibits activity of lymphocytes T, is the LAG-
3 factor. Gene coding for the factor (Lymphocyte activation gene-3, LAG-3) is 
located in the locus CD4 of T lymphocyte genome. The gene manifests expression 
in activated lymphocytes T CD4+ and T CD8+. It negatively regulates (inhibits) 
proliferation of lymphocytes T, inhibiting inflow of Ca2+ ions to the cell, induced 



106 J. KAWIAK, G. HOSER, J. DOMAGAŁA-KULAWIK

by TCR receptor, following binding of an antigenic determinant and controlling 
number of T memory lymphocytes [48, 49].

Expression of LAG-3 manifests a negative correlation with effector function 
of specific for the tumour lymphocytes T CD8+. A co-expression of PD-1 and 
LAG-3 and a high expression of CTLA-4 was observed at the site of the tumour. 
Also, the PD-1+ and LAG-3+ cells manifested the lowest production of IFNγ/TNF. 
Since expression of LAG-3 and PD-1 molecules develop on activated T cells. They 
synergestically regulate T-cells function to promote tumoral immune escape [79]. 

It is useful to examine the above mentioned types of control on the example of 
ovarian cancer (epithelial ovary cancer, EOC) [44]. Antigen NY-ESO-1 represents 
an antigen of testicular tumours but it is present also on cells of ovarian cancer 
(EOC). It represents one of the strongest till now described neoplastic antigens, 
inducing in some patients cell-mediated and humoral immune responses. The 
phenotype and functions of specific NY-ESO-1 T CD8+  in the blood, lymphocytes 
infiltrating  the tumour (TILs) and of tumour-associated  lymphocytes (TALs) were 
described in patients with NY-ESO-1+ tumours, manifesting  humoral immunity to 
NY-ESO-1 or without such an immunity. The NY-ESO-1-specific lymphocytes 
T CD8+ originating from the tumor manifested an impaired effector function as 
compared to the blood, and on their surface they exhibited an augmented co-
expression of the inhibitory molecules of LAG-3 and PD-1. Expression of LAG-3 
and PD-1 on CD8+ T lymphocytes increased further following activation of the 
APCs originating from tumour and with the cytokines IL-10, IL-6, present in 
the tumour exudate. Similar antigen expression and the immune profile of tumor 
infiltrating lymphocytes were observed in cutaneous melanoma [24].

In the course of tumour treatment, the problem arises of the accumulating 
population of regulatory lymphocytes T (Treg) [17]. It used to be assumed  that 
expression of forkhead box P3 protein (Foxp3) represented a specific marker of 
Treg cells [18]. Most of commercial tests for determining the number of the cells 
in blood is directed at lymphocytes T CD4+CD25+Foxp3+. It is worth remembering 
that Foxp3, similarly to most of CTLA4 molecules in the cells, are localised in 
the cytoplasm. In mice [58], similarly to humans [43, 45] a few subtypes of Treg 
cells were identified. Two main subpopulations identified in humans involve 
the originating from thymus  natural T reg cells (nTreg) and the arising  in the 
periphery the induced iTreg (adaptiveTreg, aTreg) [65], but their identification is 
far from easy [3, 41].

CTLA-4 amplifies immunosupressory functions of Treg, CD4+ CD25+ 
FoxP3+lymphocytes. An opposite situation or deficiency of CTLA4 in an in 
vitro culture results in an augmented expression of CD80 and CD86 antigens on 
dendritic cells [32]. Also a blockade of CTLA-4 in the preclinical animal models 
was found to reduce numerical force of Treg lymphocytes within the tumour in 
a process dependent on presence of macrophages with expression of Fc receptors. 
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A treatment of tumour-bearing mice by administration of CTLA-4-specific 
antibody resulted in destruction of the tumour but also in a resistance to secondary 
grafting with the tumour with no additional blockade of CTLA-4, or appearance 
of immune memory [40]. Such an appearance of immune memory we observed in 
our experiments with L1210 leukaemia in mice [35, 36].

SUMMARY

In the presented above text we have attempted to recall how tumours arise 
and develop. Several common stages of development were suggested for solid 
tumours and leukaemias/lymphomas. It was recalled that a large group of tumours 
affected senescent individuals, remaining under effects of repeated stress and less 
efficient functioning immune system. Neoplastic cells are characterised by an 
extensive antigenic variability, resistance to an induced or systemic apoptosis and 
an accumulation in tissue niches, protecting them from activity of host’s defensive 
cells. Those protective measures involve development of a microenvironment, 
which shelters them from defensive activity of the host.

The generally accepted treatment of neoplasias at the first stage involves 
reduction of the total number of tumour cells by surgical excision, radiotherapy, 
chemotherapy and passive immunotherapy, using specific antibodies targeted 
at neoplastic cells. In parallel or in the next stage of the treatment efforts are 
made to amplify clones of defensive cells using appropriate vaccinations, which 
attract a growing attention. It seems optimum to autovaccinate the host with 
own, previously irradiated neoplastic cells or, alternately, using vaccination of 
the host with known neoplastic antigens. A subsequent stage involves elimination 
of the immune system blockade, developed due to activity of the tumour. Such 
attempts rely on elimination of the tumour-made blockade of immune system. 
Efforts toward this end include neutralization of tumour blockade, which 
inactivates tumour-targeted cytotoxicity of protective cells, mainly lymphocytes 
T. This may be obtained using commercially available antibodies directed against 
inhibitory surface receptors of lymphocytes T (CTLA-4 and PD-1). This stage 
requires an appropriate time and it used to provide selective results. The future 
of anti-neoplastic therapy is thought to be based on personalized management 
of the patient. Therapy of individual patients will be preceded by analysis of the 
tumour and of the patient’s immune system by a team coordinated by a physician-
oncologist, including an immunologist, genetician, molecular pathologist and 
a pathologist. A therapeutic management agreed in common by the specialists 
should provide better therapeutic effects than those currectly observed ones. 
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