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Introduction
The function and role of immune system to develop a T-lymphocytes 

based specific immune response against tumor is well known and 
described. However, activated tumor-specific immunocompetent cells are 
frequently unable to reject the tumor. This functional failure of immune 
system leads to cancer progression and development of metastasis. This 
phenomenon is based on widespread of highly metastatic tumor cells 
with low immunogenicity. The molecular background of antitumor 
immune response and cancer immunotherapy is the recognition of the 
human leukocyte antigen (HLA) class I complex (heavy chain/beta2-
microglobulin (β2m)/tumor peptide) by cytotoxic T-cells (CTLs) [1,2]. 
Therefore, the altered and defective expression of HLA class I molecules 
in tumor is associated with cancer immune escape and metastasis 
development [2,3]. The stimulation by cytokines or immunotherapy 
might be helpful for recovery of some HLA alterations, so called “soft” 
lesions. We suppose, that the escape from immune recognition is linked 
with irreversible structural defects of tumor cells (“hard” lesions) [4]. 
It has been revealed, that in melanoma patients those are undergoing 
immunotherapy, the low response to immunotherapy and development 
of progressive metastases is associated with HLA-negative tumor cellular 
variants with irreversible defects [5]. Therefore, for selection of an 
appropriate immunotherapy protocol, the data on nature of the tumor 
HLA class I defect (regulatory or structural) acquire especial importance. 
Moreover, it has been demonstrated that expression of tumor HLA class 
I antigen in melanoma is determined as “immunological constant of 
rejection”. The expression of tumor HLA class I antigen in melanoma 
is associated with CTL-mediated tumor rejection, allograft rejection, 
graft-versus-host disease or an autoimmune disease development [6].

Literature Review
The data on β2m deficiencies and their importance for immune 

escape in melanoma and other types of cancer has been published 
[7]. Two genetic events (mutation of one copy of β2m gene and loss 
of another copy of this gene) are underlying the β2m loss in cancer 
cells [8], but the chronological order of these events should be further 
investigated. The influence of β2m loss in cancer cells on development 
of oncology disease correlates with HLA class I abnormalities in tumor 
tissue and a worse clinical outcome. HLA alterations can have been 
seen in tumor tissues and cell cultures derived from oncology patients 
[7,9]. Unfortunately, the development of β2m genetic alterations during 
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metastatic progression have not been investigated till now. Only several 
research projects were focusing on association of immune escape 
mechanisms with HLA class I loss. In these experiments tumor tissue 
samples and tumor-derived cells cultures were obtained from the same 
patient. The research data links the genetic defects underlying HLA 
class I altered expression with metastasis developments [7,10]. We 
hypothesize, that the immune escape of HLA I negative tumor tissues 
correlates with β2m loss. We suppose, that this is the early event in the 
oncology disease progression. 

The immune escape as well as acquired resistance to anti-cancer 
drugs are the unique and specific features of cancer cells. They are 
the key barriers to the successful management of oncology disease. 
An important mechanism of cancer immune escape is based on 
interaction between CTLs Programmed Death 1 (PD-1) receptor and 
cancer cell Programmed Death Ligand 1 (PD-L1) [11]. The PD-1/PD-
L1 interaction has an important role as a part of “immune checkpoint 
regulators”. This interaction is important for development of self-
tolerance; this is the limiting factor of immune response duration and 
strength. The mechanism of this interaction is based on inhibition of 
adaptive T cell responses [12]. The immune regulation mechanism 
of PD-1/PD-L1 realized by the tumor cells aims suppression of anti-
cancer adaptive responses. In particular, the activation of PD-1/PD-
L1 mechanism is linked with the suppression of anti-tumor adaptive 
responses, those are based on induction of CTL anergy, exhaustion, 
apoptosis and decreased cytokine production [11,13]. Furthermore, 
involvement of PD-1 and PD-L1 correlates with obvious resistance 
of cancer cell to pro-apoptotic signals. These signals are delivered by 
cytotoxic immune effectors, staurosporin, as well as Fas ligation [14]. 
The precise cellular mechanism of this phenomenon should be further 
determined and investigated. There is the difference in expression levels 
of PD-L1 by cancer cells. The expression of PD-L1 is stimulated by local 
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being used to reactivate gene expression [24]. For example, in breast 
cancer, several genes associated with tumorigenesis are frequently 
methylated, including RASSF1A, HOXA5, TWIST1, CCND2, p16, 
BRCA1, as well as genes encoding the estrogen receptor (ESR1) and 
the progesterone receptor (PGR) [25]. Epigenetic changes in several 
other tumor types may also provide prognostic and predictive profiles, 
including: ovarian cancer [26], prostate cancer [27], glioblastoma [28] 
and cutaneous tumors. 

Taking into account all above mentioned, it is clear that the role 
of molecular peculiarities, epigenetics and immunological aspects for 
cancer recurrence should be further clarified and determined.

References

1. Aptsiauri N, Cabrera T, Mendez R, Garcia-Lor A, Ruiz-Cabello F, et al. (2007)
Role of altered expression of HLA class I molecules in cancer progression. In: 
Shurin MR, Smolkin YS (eds) immune-mediated diseases. Adv Exp Med Biol 
601: 123-131.

2. Shenoy SK, Drake MT, Nelson CD, Houtz DA, Xiao K, et al. (2006) β-Arrestin-
dependent, G protein-independent ERK1/2 activation by the 2-adrenergic
receptor. J Biol Chem 281: 1261-1273.

3. Boon T, Coulie PG, Van Den Eynde BJ, Van Der Bruggen P (2006) Human T
cell responses against melanoma. Annu Rev Immunol 24: 175-208. 

4. Van Raamsdonk C, Griewank K, Michelle B, Crosby MB, Garrido MC, et al.
(2010) Mutations in GNA11 in Uveal Melanoma. N Engl J Med 363: 2191-2199.

5. Remeseiro S, Cuadrado A, Carretero M, Martínez P, Drosopoulos WC, et al.
(2012) Cohesin-SA1 deficiency drives aneuploidy and tumourigenesis in mice 
due to impaired replication of telomeres. Embo J 31: 2076-2208. 

6. Cheng AL, Kang YK, Chen Z, Tsao CJ, Qin S, et al. (2009) Efficacy and safety 
of sorafenib in patients in the Asia-Pacific region with advanced hepatocellular 
carcinoma: A phase III randomised, double-blind, placebo-controlled trial. 
Lancet Oncol 10: 25-34.

7. Paschen A, Arens N, Sucker A, Greulich-Bode KM, Fonsatti E, et al. (2006)
The coincidence of chromosome 15 aberrations and β2-Microglobulin gene 
mutations is causative for the total loss of human leukocyte antigen class I 
expression in melanoma. Clin Cancer Res 12: 3297-3305.

8. Gembarska A, Luciani F, Fedele C, Russell EA, Dewaele A, et al. (2012) MDM4 
is a key therapeutic target in cutaneous melanoma. Nat Med 18: 1239-1247.

9. Iwatsuki M, Mimori K, Yokobori T, Ishi H, Beppu T, et al. (2010) Epithelial–
mesenchymal transition in cancer development and its clinical significance. 
Cancer Sci 101: 293-299.

10. Kokkola R, Andersson A, Mullins G, Östberg T, Treutiger CJ, et al. (2005)
RAGE is the major receptor for the proinflammatory activity of HMGB1 in rodent 
macrophages. Scand J Immunol 61: 1-9.

11. Parry RV, Chemnitz JM, Frauwirth KA, Lanfranco AR, Braunstein I, et al. (2005) 
CTLA-4 and PD-1 receptors inhibit T-cell activation by distinct mechanisms.
Mol Cell Biol 25: 9543-9553.

12. Iwai Y, Ishida M, Tanaka Y, Okazaki T, Honjo T, et al. (2002) Involvement 
of PD-L1 on tumor cells in the escape from host immune system and tumor
immunotherapy by PD-L1 blockade. Proc Natl Acad Sci USA 99: 12293-12297.

13. Mani A, Guo W, Liao MJ, Eaton E, Ayyanan A, et al. (2008) The epithelial-
mesenchymal transition generates cells with properties of stem cells. Cell 133: 
704-715.

14. Azuma T, Yao S, Zhu G, Flies A, Flies S, et al. (2008) B7-H1 is a ubiquitous
antiapoptotic receptor on cancer cells. Blood 111: 3635-3643.

15. Gradishar W, Anderson B, Blair S, Burstein H, Cyr A, et al. (2014) Breast
cancer version 3.2014. J Natl Compr Canc Netw 12: 542-590.

16. Schalper K, Velcheti V, Carvajal D, Wimberly H, Brown J, et al. (2014) In situ
tumor PD-L1 mRNA expression is associated with increased TILs and better 
outcome in breast carcinomas. Clin Cancer Res 20: 2773-2782.

17. Ghebeh H, Barhoush E, Tulbah A, Elkum N, Al-Tweigeri T, et al. (2008)
FOXP3+Tregs and B7-H1+/PD-1+T lymphocytes co-infiltrate the tumor tissues 
of high-risk breast cancer patients: Implication for immunotherapy. BMC 
Cancer 8: 57.

factors and molecules like interferon gamma (IFNγ) [13,15]. Therefore, 
PD-L1 is a valuable prognostic marker; the correlation between PD-
L1 expression infiltration of tumor by lymphocytes (TILs) [16], high 
histological grade of tumor [17] and worse clinical outcome [18] is 
already determined. Nowadays research activities are focused on PD-1/
PD-L1 signaling through the application of humanized monoclonal 
antibodies (e.g., Nivolumab). The obtained results confirmed obvious 
clinical responses in advanced cases of melanoma, non-small cell lung 
cancer, and renal cell carcinoma. Furthermore, recent data suggest 
that PD-1/PD-L1 interaction may serve as background of cancer 
cell survival mechanism. It has been discovered that PD-1/PD-L1 
interaction may be involved in resistance to radiotherapy and anti-
CTLA-4 antibody based immunotherapy [19]. It may be estimated, that 
response to PD-1/PD-L1 blockade therapy depends on levels of tumor 
PD-L1 protein [20]. 

Discussion and Conclusion
Taking into account that PD-L1 expression is the protection of 

tumor cells from pro-apoptotic agents [14], and that the PD-1/PD-L1 
mechanism correlates with severe clinical outcomes [18], we hypothesize 
that this mechanism is linked with development and acquiring of 
resistance to conventional chemotherapeutic drugs. We propose, that 
inhibition of PD-1/PD-L1 mechanism by applying of PD-1 targeted 
therapy will enhance the efficacy of conventional chemotherapy. 

It has been shown by Chow et al. [21], that concrete genes are 
related to immune response. They are down-regulated in primary 
colorectal carcinomas, those later metastases. It is plausible, that the 
reduced expression of the immune-related genes impedes activation 
of CD4 T-cells mostly involving the MHC class II pathway. Platelets 
and circulating tumor cells (CTCs) interactions are important for 
hematogenous metastasis development. It has been revealed, that JAG1 
and SNA1 upregulation in cancer cells is increased by platelets [22]. 
JAG1 is encoding a ligand for the Notch receptor, which is inducing 
SNAI2 expression. SNAI2 together with SNAI1 belong to a complex of 
transcription factors those are responsible to regulation of epithelial-
mesenchymal transition and inhibition of E-cadherin. We hypothesize, 
that platelet adhesion to cancer cells stipulates the development of 
epithelial-mesenchymal transition (EMT) phenotype. We suppose, that 
this event is the functional and molecular background of cancer cell 
migration, extravasation and metastasis development. 

The data by Kitamura et al. [23] indicates direct roles for myeloid 
cells, particularly macrophages, in promoting every step of the 
metastatic cascade. Thus, macrophages are particularly attractive targets 
for therapeutic intervention, as their diploid nature and consequent low 
mutation rates suggest that they will not easily evolve drug resistance. 
However, current therapies are likely to be limited as they either 
target all macrophages (for example, CFS1R inhibition) or they target 
essential processes such as monocyte egress from the bone marrow 
(for example, CCR2 inhibition). Therefore, the detailed research of 
molecular background of cellular interactions and importance of tumor 
microenvironment should be performed for development of effective 
and precise therapeutic intervention. 

Special attention should be paid on epigenetics topics too. It is well 
known, that a key mechanism of epigenetics is the altered methylation 
of tumor-suppressor genes and of the genes encoding some miRNAs, 
as well as altered methylation and acetylation of the histones associated 
with these genes. Epigenetic alterations early in tumor development 
may provide important predictive and prognostic tools, especially in 
situations where epigenetic therapies, such as HDAC inhibitors are 
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