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Abstract—The cellular microenvironment directly and indirectly influences tumor development and possesses prognostic
and in some cases diagnostic value. Over the years, understanding of structural organization of the immune/inflammatory
moiety of neoplasms as well as in-depth phenotypic and transcriptomic profiling of its cellular components together provide
more and more insights in both basic and translational medical science. In this review, we will discuss the specific roles of
various stromal cells and their impact on neoplastic progression as well as address the use of quantitative and phenotypic
analysis of immune/inflammatory infiltrate for diagnostics and predicting the clinical course of human malignancies.
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cancer

Immune cells represent an integral component of the
microenvironment of neoplastic tissues. After entering a
tumor, these cells may produce a variety of proinflamma-
tory cytokines, thereby maintaining chronic inflamma-
tion and stimulating tumor growth and progression (e.g.
tumor-infiltrating macrophages are well-known to play
role in development of head and neck, gastric, colon and
other cancers [1]). At the same time, various scenarios of
antitumor immune defense (antibody production, con-
tact and complement-dependent cytolysis, etc.) are exe-
cuted primarily by the cells of lymphoid lineage (T, B,
NK and NKT cells) that dampen tumor growth in accor-
dance with the theory of immunological surveillance pro-
posed by Burnet in the 1960s [2] and further transformed
into cancer immunoediting theory by Schreiber [3-5].
Thus, both the intensity and cellular composition of
immune infiltrate are important for deciphering of its
prognostic and diagnostic value.

Abbreviations: BC, breast cancer; CTL, cytotoxic T lympho-
cytes; IFN, interferon; IL, interleukin; ILC, innate lymphoid
cells; MDSC, myeloid-derived suppressor cells; MSI,
microsatellite instability; NCR, natural cytotoxicity receptors;
Tregs, regulatory T cells.

* To whom correspondence should be addressed.

IMMUNE CELLS INFILTRATING
HUMAN TUMORS

One can find virtually any type of immune cells in
tumor microenvironment [6], but in terms of influence
on neoplastic progression only a few types were explicitly
studied — namely macrophages, dendritic cells, and
myeloid-derived suppressor cells (MDSC) representing
myeloid lineage, as well as lymphoid cells such as T,
mature B and plasma cells, as well as innate lymphoid
cells (ILC) including NK cells.

In solid neoplasms, macrophages comprise a signifi-
cant portion of tumor tissue [7]; however, ratio of M1-
and M2-polarized macrophages varies largely depending
on tumor histogenesis, stage, etc. [8, 9]. M2-polarized
macrophages (NOS2~CD163%) [10] may be in vitro dif-
ferentiated from monocytes in the presence of 1L-4, IL-
10, and IL-13 [11] and are able to suppress immune reac-
tions; they are commonly detected in tumor tissues [12].
It is believed that M2-macrophages contribute to tumor
growth and progression via local suppression of the
immune response at the site of neoplastic transformation
(e.g. production of high amounts of suppressive cytokine
IL-10 in kidney cancer [13], suppression of activity of
melanoma-infiltrating cytotoxic T cells [14], recruitment
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of regulatory T cells to neoplastic site in colorectal carci-
noma [15], etc.). Zhang et al. [1] demonstrated negative
prognostic effect of the presence of tumor-associated
macrophages in gastric, breast, bladder, ovarian, thyroid
cancer and laryngeal carcinoma; a similar phenomenon
was also observed in cervical cancer [16]. At the same
time, Zhang et al. [1] noted a positive correlation between
macrophage infiltration and overall survival in patients
with colorectal cancer, probably due to increased amount
of M1-polarized macrophages (NOS2*CD163") recruit-
ing Th1 cells to the tumor site. Prognostic value of the
presence of tumor-infiltrating macrophages also depends
on their location inside the tumor as well as on the
expression of phagocytosis-hindering molecule CD47 by
colorectal cancer cells [17].

Dendritic cells being “professional” antigen-pre-
senting cells are often found in tissues of various malig-
nant neoplasms (melanoma [18], colon cancer [19], thy-
roid cancer [20], etc.). These cells can capture antigens
releasing from apoptotic or necrotic tumor cells and pres-
ent them to T cells, thereby triggering antitumor immune
response [21]. However, this scenario requires the pres-
ence of proinflammatory microenvironment, in particu-
lar high concentrations of cytokines IFN-y and TNF
allowing maturation and consequently efficient function-
ing of dendritic cells. However, tumor tissues are usually
characterized by increased amounts of 1L-10, IL-6, M-
CSE etc. Despite clear proinflammatory activity demon-
strated by some of them, the particular cytokine profile
may inhibit maturation of tumor-infiltrating dendritic
cells. It is known that immature dendritic cells present
only small amounts of antigen in the absence of costimu-
latory signals, thereby leading to T cell anergy and devel-
opment of immune tolerance for neoplastic cells-derived
antigens [22]. Consequently, the presence of immature
dendritic cells in the immune infiltrate of cancers is con-
sidered as a prognostically unfavorable factor (e.g. in
non-small cell lung cancer [23], etc.), as it seems to con-
tribute to evasion of the tumor from immune surveillance.

Myeloid-derived suppressor cells (MDSC) comprise
a group of myeloid precursor cells (enriched in
LinTHLA-DR CD33" cell population) as well as imma-
ture mononuclear cells (CD14"HLA-DR "), morpho-
logically similar to monocytes, and immature polymor-
phonuclear cells (CD14"CD11b"CD33*CD15" and
CD66b") [24]. MDSC can promote growth of primary
tumors and developing of metastatic disease via protect-
ing of tumor cells from the action of immune effectors,
participating in remodeling of the tumor microenviron-
ment and formation of a premetastatic niche. The major-
ity of studies on the influence of MDSC on tumor growth
were performed in murine models; however, there is also
data describing a role of these cells in tumor microenvi-
ronment in humans. It particular, cells with MDSC phe-
notype displayed no immunosuppressive activity at the
early stages of human lung cancer; probably, such cells are
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accumulated within tumor tissue in response to inflam-
matory stimuli and only later begin to influence tumor
progression [25].

A requirement for simultaneous detection of multi-
ple markers to reliably identify MDSC inside tumor tis-
sues largely precludes their detection using the immuno-
histochemistry technique; therefore, only a few studies
aimed at examining tumor-infiltrating MDSC in humans
have been reported. Nonetheless, some data suggest the
association between accumulation of MDSC within
tumor stroma and poor prognosis in patients with a broad
range of malignant neoplasms [26].

Preclinical and clinical studies suggest that detection
of tumor-infiltrating lymphocytes may be associated with
favorable prognosis in a broad range of solid tumors [27].
However, not all lymphocyte subsets exhibit antitumor
activity [28]. A significant portion of tumor-infiltrating T
cells is represented by antigen experienced (via mature
dendritic cells in tumor-draining lymph nodes) cytotoxic
T Iymphocytes, recruited in neoplastic tissue by chemo-
tactic molecules released by tumor and stromal cells [29].
Activated cytotoxic T lymphocytes (CTL) then are capa-
ble of destroying target cells via perforin/granzyme-
dependent contact cytolysis.

Regulatory T cells (Tregs) characterized by mem-
brane expression of various suppressor molecules (PD-1,
CTLA-4, TIM-3, LAG-3, etc.) and secreting various
suppressor cytokines represent another important subset
of tumor-infiltrating T lymphocytes [30, 31]. After enter-
ing a tumor, Tregs exert suppressive effects on other
immune cells residing inside tumor tissues, thereby pro-
moting accelerated tumor progression [32]. However,
some data suggest that the presence of Tregs correlates
with favorable prognosis for patients with ovarian carci-
noma, bladder cancer [33], head-and-neck cancer [34],
and colorectal cancer [35]. This is probably related to the
fact that depending on microenvironment and particular
stage of a tumor, regulatory T cells may block antitumor
activity of effector T cells, as well as lower the level of
local protumorigenic inflammation, thereby resulting in
opposite outcomes in these two scenarios [33].

Mature B cells and terminally differentiated plasma
cells are also present in tumor stroma, being mostly abun-
dant in medullary breast cancer and Warthin-like papil-
lary thyroid carcinoma. The spatial distribution of mature
B cells follows either diffuse or localized patterns, the lat-
ter being represented by B cell zones in the so-called ter-
tiary lymphoid structures. Despite the fact that in many
cancers a positive correlation between intensity of B cell
infiltrate and survival rate was demonstrated, a pro- and
anti-tumorigenic roles of B cells in each particular type of
malignant neoplasms are still debated [36].

B cells may participate in maintaining chronic
inflammation [37] as well as directly inhibit cytotoxic
activity of T cells [38] and recruit Tregs to the sites of
neoplastic growth by producing TGF-B and IL-10 [39,
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40] (this data was obtained in murine models). However,
tumor-infiltrating B cells in patients with metastatic
melanoma demonstrate clonal amplification, somatic
hypermutation, and immunoglobulin isotype switch, sug-
gesting their involvement in antigen-dependent antitu-
mor immune response [41]. Moreover, B cells may serve
as efficient antigen-presenting cells to activate T lympho-
cytes and generate memory T cell pool [42] as well as
reactivate T cells pre-primed by dendritic cells [43]
(shown in murine models). In the case of hepatocellular
carcinoma, tumor-infiltrating B cells were shown to exert
independent cytolytic activity against cancer cells via
granzyme B- and TRAIL-mediated mechanisms [44].
Recently, more attention has been given to tertiary
lymphoid structures (TLS) — cell aggregates structurally
resembling lymphoid follicles of the secondary lymphoid
organs, usually located in the periphery of tumor growth
at the invasion border. These structures contain a T-cell
zone where T cells cluster with mature dendritic cells
exerting efficient antigen presentation, and a B cell zone
containing, in particular, naive CD20" B cells [45].
Moreover, a few macrophages as well as plasma cells may
be found within the TLS [46]. These cell aggregates are
highly vascularized, which is necessary for efficient
immune response and probably play a central role in
immune infiltration of tumor tissues and TLS develop-
ment [36, 47]. Available data implicate TLS development
as one of the efficient strategies for immune control of
growth and progression of malignant neoplasms [48].
Innate lymphoid cells (ILC) represent a heteroge-
neous group of cell types that, according to experimental
data obtained using murine models, may either promote
or suppress tumor growth. Three types of ILC are usually
distinguished: ILCI (including classic NK cells), ILC2,
and ILC3, each being characterized by a range of surface
markers and produced cytokines. With exception of NK-
cells, other ILC types were not studied in sufficient details
to date. Nonetheless, it was demonstrated, that amount of
NKp46/NKp30/NKp44 (members of the Natural
Cytotoxicity Receptors family, NCR)-negative ILC1 and
ILC2 did not differ between normal lung and non-small
cell lung carcinoma tissues, whereas the amount of ILC3
in tumor tissue was substantially lower than in normal tis-
sue. In contrast, NCR*ILC3 were found at much higher
levels in tumor vs. normal tissue due to their selective
enrichment within the tumor site. Upon activation,
NCR'ILC3 can produce a broad range of cytokines with
proinflammatory activity (IL-22, TNF), as well as those
recruiting leukocytes and promoting their proliferation at
the site of neoplastic transformation (IL-8, I1L-2) [49].
The presence and intensity of NK cell infiltration in
tumor stroma may have an impact on survival of patients
with solid tumors, which was demonstrated in colorectal
cancer [50], squamous cell lung cancer [51], etc. At the
same time, the magnitude of NK cell antitumor activity
significantly depends on cytokine profile within tumor tis-

BIOCHEMISTRY (Moscow) Vol. 81 No. 11 2016

1263

sues, and large amounts of NK cells in tumor stroma may
not be proportional to their actual antitumor activity.

In the next section, we will discuss four types of
malignant neoplasms wherein lymphocytic infiltrate is
rather typical feature and/or was shown to play an impor-
tant prognostic and diagnostic role.

MELANOMA

Lymphocytic infiltrate is found only in malignant
melanocytic human neoplasms; therefore, it may serve as
one of histological criteria to distinguish melanoma vs.
melanocytic nevi. In 1969, Clark et al. described the pres-
ence of the immune cells in human skin melanoma [52],
whereas in 1985 Elder et al. [53] proposed to classify
immune infiltrate in melanomas according to the density
and localization of immune cells as brisk, non-brisk, and
absent (the good inter-rater agreement in assessing this
criterion was demonstrated by Busam et al. [54]). These
types of immune infiltration in the vertical growth phase
of melanoma are schematically depicted in Fig. 1.

Later, prognostic significance of melanoma-infiltrat-
ing immune cells was thoroughly investigated. In particu-
lar, Tuthill et al. [56] examined nine potential clinical and
pathological prognostic factors in the cohort of 259
patients with localized primary melanoma. They found
that the density of lymphocytic infiltrate was the most sig-
nificant predictor of patients’ survival (p = 0.005).
Moreover, 5- and 10-year survival rates were 100 and 93%
vs. 71 and 55% in patients with brisk vs. absent lympho-
cytic infiltrate, respectively. In another cohort of 285
patients with localized primary melanoma, Clemente et
al. [57] showed that 5- and 10-year survival rates were 77
and 55%, 53 and 45%, and 37 and 27% for patients with
brisk, non-brisk, and absent lymphocytic infiltrate,
respectively. Moreover, it was demonstrated that the
abundance of immune cells in the primary tumor inverse-
ly correlated with the probability of developing metastat-
ic disease in regional lymph nodes [57]. Furthermore, in
the cohort of 99 patients with metastatic melanoma,
Mihm et al. showed that 30-month event-free survival
was higher in patients with brisk vs. non-brisk or absent
lymphocytic infiltrate in melanoma metastases (81.3,
46.8, and 29.3%, respectively, p = 0.007) [58].

The cellular composition of melanoma lymphocytic
infiltrate can significantly vary: studies performed using
melanoma-infiltrating lymphocytes cultured in the pres-
ence of IL-2 demonstrated that CD4*/CD8" T cell ratio
may change within a broad range depending on the par-
ticular tumor specimen [59]. However, the majority of
studies were focused on studying CD8" T cells, as well as
their antigenic specificity and cytotoxic activity both in
vitro and in vivo. Effector T cell responses may be direct-
ed against epitopes derived from tumor antigens present-
ed on MHC class I molecules; activated CD8* T cells
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Fig. 1. Scheme depicting various types of immune infiltration in vertical growth phase of melanoma (according to Schatton et al. [55]).

may then kill transformed cells via contact cytolysis [60].
Such antigens may be represented by autologous proteins
with point mutations (e.g. [-catenin) and aberrantly
expressed proteins (e.g. MAGE family antigens). In addi-

tion, many melanoma-specific antigens are normal pro-
teins involved in melanin synthesis, including MART-1
(specific immune response against this protein is often
detected in patients with melanoma), gp100, TRP-1,
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TRP-2, and tyrosinase [61, 62]. However, several studies
reported that due to tumor suppressive microenviron-
ment, infiltrating CD8* T cells are mostly in
inactive/anergic state [63-65].

On the other hand, melanocytic tumors are also
infiltrated with CD4" T cells, which due to their plastici-
ty may exhibit both pro- and anti-inflammatory activity
[66, 67]. Immunophenotyping of lymphocytic infiltrate
demonstrated that the composition of CD4" T cells may
vary significantly depending on tumor size: in tumors
with small thickness, the majority of CD4™ T cells secret-
ed cytokines typical for Th1 phenotype — namely, IFN-y,
LTa, 1L-2, and IL-15, whereas in tumors with larger
thickness, these cells mostly produced TGF-f and IL-10
characteristic of Th2/Treg phenotype, thereby exerting
immunosuppressive effects on tumor microenvironment
[68, 69]. It was shown that melanoma antigen-specific
CD4" T cells can directly lyse transformed cells via an
unknown mechanism [70]. Moreover, adoptive co-trans-
fer of CD4" and CD8" T cells was more efficient com-
pared to CD8" T cells alone [71], and a long-term clini-
cal response after adoptive transfer of NY-ESO-1-specif-
ic CD4" T cells was also observed in a patient with
metastatic melanoma [72].

B cell infiltrate in melanocytic tumor stroma follow
either diffuse pattern or present in the form of aggregates
resembling lymphoid follicles. It was noted that the pres-
ence of such infiltrate is associated with more favorable
prognosis in melanoma patients [73]. Moreover, several
studies demonstrated strong association between the
presence of NY-ESO-1 — specific antibodies and NY-
ESO-1-specific CD8" T cells in peripheral blood of
patients, both spontaneously [74] and in the context of
NY-ESO-1 — specific immunotherapy. Apparently,
tumor-specific antibodies opsonize tumor cells, con-
tributing to their phagocytosis and antigen presentation,
which in turn influences the activation of CD8" T cells
and better therapeutic outcome.

BREAST CANCER

Breast cancer (BC) is the most common cancer in
women, with more than 1,380,000 new cases being diag-
nosed each year worldwide [75]. Several studies demon-
strated that the intensity of lymphocytic infiltrate in
tumor stroma may be a prognostically favorable sign
regardless of its cellular composition in triple negative
(ER"PR"HER2") [76, 77] and HER2" [78] BC.
Moreover, patients with triple negative and HER2" BC
demonstrating abundant immune infiltration responded
better to therapy with anthracyclines [77] and trastuzum-
ab [79], respectively.

One can find virtually any type of immune cells in
tissues of breast carcinomas, and many of them were
implicated in better prognosis. The presence of CD8" T
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cells [80], CD4" T cells and CD20* B cells [81, 82] is a
predictor of complete pathological response to neoadju-
vant therapy, whereas the presence of yo T cells is associ-
ated with an increased amount of Tregs and consequent-
ly poor prognosis, tumor spread, and low survival [83].
The presence of T follicular helper cells (Tgy) is associat-
ed with strong response to chemotherapy [84]. Perhaps
this is related to the fact that Ty are found at the tumor
border in tertiary lymphoid structures, which may repre-
sent the main sites concentrating cells exhibiting antitu-
mor activity.

One of BC types known as medullary breast cancer is
diagnosed in 3-5% of all BC patients. [85]. Despite a
marked cancer cell anaplasia, this neoplasm is character-
ized by a very favorable prognosis (10-year survival reach-
es 84% compared to 63% in other infiltrative duct carci-
nomas [86]), which seems to be related to extremely
abundant lymphocytic infiltration of tumor stroma.

Several hypotheses regarding the influence of the
immune system on neoplastic cells in medullary breast
cancer do exist. For instance, favorable prognosis of this
BC type may be related to enhanced apoptosis of tumor
cells [87], upregulated expression of factors inhibiting
tumor metastatic activity [88] and the ICAM-1 molecule
[89].

Lymphocytic infiltrate in medullary breast cancer
was found to contain T, B, and plasma cells, with the
apparent predominance of CD8" T cell [90]. The lack of
histiocytes (tissue macrophages and dendritic cells) and
neutrophils suggests that lymphocytes accumulate within
tumor tissues in response to certain specific stimuli (e.g.
antigen-specific) rather than due to “nonspecific”
inflammatory reaction against tumor necrotic cells or
bacterial agents [91].

Several studies were aimed in identification of anti-
genic targets of the anti-tumor B cell response in this rare
BC type. Using a library of variable immunoglobulin frag-
ments derived from tumor-infiltrating plasma cells,
delineating their specificity followed by FACS and ELISA
assays, Kotlan et al. identified ganglioside D3 as a specif-
ic tumor-associated antigen of medullary BC [92].
Following demonstration of oligoclonality of tumor-infil-
trating plasma cells, Ditzel et al. constructed and
screened a cDNA-expression library of hypervariable IgH
fragments to identify cytoskeletal protein (-actin as a
specific antigenic target of medullary BC. This protein is
apparently exposed on the surface of apoptotic bodies of
medullary BC cells and undergoes a tumor-specific pro-
teolysis involving granzyme B, thereby potentially predis-
posing it for being recognized by B-lineage cells [93].

THYROID CANCER

According to Tamai et al., a considerable proportion
(~38%) of thyroid cancers (papillary and follicular types)
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contains an abundant lymphocytic infiltrate [94]. It was
shown that a large number of tumor-infiltrating lympho-
cytes found in thyroid neoplastic tissues correlates with
lower invasiveness, lowered risk of occurring distant
metastases and recurrences, and consequently better
patients’ survival. It was shown that the presence of lym-
phocytic infiltration is associated with significantly lower
recurrence rate (2.8 vs. 18.6% for tumors with no infiltra-
tion). Although in both groups tumor size and frequency
of metastatic disease in draining lymph nodes were simi-
lar, the degree of tumor invasion was higher in patients
containing no lymphocytic infiltration [94].

By contrast, the presence of lymphocytic infiltrate
had no impact on event-free survival (probably due to
overall indolent behavior of differentiated thyroid neo-
plasms); however, this value was improved in patients
infiltrated with proliferating lymphocytes [95].
Furthermore, the rate of long-term survival correlated
with the presence of intratumoral phagocytes and den-
dritic cells capable of capturing and presenting tumor
antigens to T lymphocytes, thereby activating them [96].
Interestingly, it was also reported that subpopulation con-
tents of T lymphocytic pools in peripheral blood and
intratumoral infiltrate were virtually identical; however,
in functional tests, the latter demonstrated higher cytolyt-
ic activity, thus suggesting the participation of T cells in
immune reactions against neoplastic cells [97].

Expression of co-stimulatory molecules on the sur-
face of thyrocytes both in autoimmune (Graves disease
and Hashimoto thyroiditis [98]) and neoplastic (follicular
and papillary-patterned neoplasms [99]) conditions sug-
gests that they are involved in activating specific T cell
immune response against antigens associated with
autoimmune disease and tumor progression.

Dendritic cells are not found in normal thyroid
gland, but they can be recruited by chemokines produced
during tumor growth or Hashimoto thyroiditis [100]. It
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was found that the majority of dendritic cells infiltrating
thyroid tumor tissues demonstrated immature phenotype,
since IL-10, IL-6, M-CSF, VEGF and gangliosides pro-
duced by neoplastic cells suppress their maturation and
promote induction of apoptosis [101]. Immature dendrit-
ic cells may activate Tregs, thereby enhancing tumor-
associated immunosuppression as well as secrete reactive
oxygen species directly inhibiting T cell activity. Thus, in
thyroid cancer, efficient presentation of tumor antigens
probably occurs at low levels, as functioning of profes-
sional antigen-presenting cells is profoundly reduced;
however, this function may be directly exerted by tumor
cells per se [102].

In 1955, Dailey was the first to note the association
between Hashimoto thyroiditis and thyroid cancer [103];
however, studies aimed at investigation of an impact of
Hashimoto thyroiditis on the course and prognosis of
thyroid carcinomas were published much later. It was
observed that the presence of Hashimoto thyroiditis pos-
itively correlates with favorable prognosis in patients with
thyroid cancer, but the same data suggest a potential role
of chronic inflammation in triggering the growth of neo-
plastic tissue [22]. Kashima et al. studied 1533 cases of
papillary thyroid cancer and demonstrated higher rates of
relapse-free survival in a subgroup of 281 (18%) patients
with Hashimoto thyroiditis [104]. Further studies showed
that thyroid cancer patients with coexistent Hashimoto
thyroiditis [105] demonstrated lower rates of extra-thy-
roid extension, regional and distant metastasis, as well as
substantially lower risk of recurrence and mortality rate
[106].

A question about cause/effect relationship between
Hashimoto thyroiditis and thyroid cancer remains debat-
ed. On one hand, the presence of Hashimoto thyroiditis
was shown to increase the risk of developing thyroid can-
cer [106]. Increased apoptosis and proliferation of thyro-
cytes during thyroiditis can increase risk of DNA damage

Fig. 2. Section of Warthin-like papillary thyroid carcinoma (stained with hematoxylin and eosin): a) low magnification (100x); b) high mag-
nification (400x).
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and, subsequently, results in tumor development [107].
Arif et al. reported 21 cases of Hashimoto thyroiditis har-
boring RET/PTC oncogenic rearrangements, whereas
only six of these cases demonstrated histological evidence
of papillary microcarcinoma [108]. Thus, one may sug-
gest that Hashimoto thyroiditis precedes development of
thyroid cancer. On the other hand, Mechler et al. per-
formed a similar study analyzing six cases of familial pap-
illary thyroid cancer coincident with Hashimoto thy-
roiditis [109]; in this study, RET/PTC rearrangements
were found only in tumor but not in surrounding healthy
tissues.

Warthin-like papillary thyroid carcinoma, named for
its histological similarity with the Warthin’s tumor of sali-
vary gland, is a relatively rare tumor characterized by
especially abundant immune infiltration of tumor stroma
[110]; immune cells in this tumor may account for up to
85% of total tumor cell count (Bogolyubova et al., unpub-
lished data; see hematoxylin and eosin staining in Fig. 2).
Interestingly, Warthin’s tumor and Warthin-like papillary
thyroid carcinoma, as well as medullary breast cancer
mentioned hereinbefore are the only neoplasms when
abundance of immune cells infiltrating tumor stroma
serves as a diagnostic criterion. An in-depth analysis of
subset composition of lymphocytic infiltrate of this tumor
had not been studied in sufficient details, particularly due
to limited number of cases published to date (~200 cases).
The potential role of the immune infiltrate in pathogene-
sis of this tumor remains controversial, although there are
reasons to believe that these cells may be specific to tumor
antigens and might take part in restraining tumor pro-
gression (Bogolyubova et al., unpublished data).

IMMUNOGENICITY OF COLORECTAL CANCER
AND ITS PROGNOSTIC SIGNIFICANCE

The immunogenicity of a subset of colorectal carci-
nomas demonstrating microsatellite instability (MSI)
was first examined in the mid-to-late 1990s [111-113].
Both hereditary- (developing in MLHI1, MSH2, MSH6,
or PMS2 germline mutation carriers, Lynch syndrome)
and sporadic-type (primarily demonstrating promoter
hypermethylation in MLH1 gene) MSI" colorectal carci-
nomas are usually represented by high-grade tumors;
despite of this fact, MSI* tumors are characterized by
markedly more favorable prognosis compared to MSI™
tumors. A marked inflammatory reaction occurring in
tumor stroma [112, 113] being absent in the majority of
MSI~ tumors is believed to account for atypically favor-
able prognosis in these histologically highly malignant
tumors. Intra-epithelial lymphocytes in MSI* vs. MSI~
tumors demonstrate phenotype of activated cytotoxic
effector T cells (CD3"CD8TIA-1/GMP-17%); their
numbers are several fold higher than the total number of
CD3*, CD8", and GrB™ cells, as well as the percentage of
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GrB™ cellsamong CD3" and CD8™ T cell subsets in MSI~
tumors [111, 114].

Mechanistically, the phenomenon observed in MSI*
tumors may be explained by defects in the mismatch
repair system that result in dramatically increased rate of
somatic mutations (single nucleotide substitutions, small
insertions and deletions). This in turn results in a synthe-
sis of a large number of frameshift peptides, the peptides
bearing unique C-terminal sequences never found in vivo
except in MSI™ tumors, which predisposes its recognition
by the adaptive immune system. In particular, generation
of both T [115-118] and B cell [119, 120] responses
against such peptides was demonstrated in many studies.
It seems that these “patient-specific” frameshift peptides
comprise a major pool of antigens recognized by effector
immune cells in patients with MSI* tumors.

Nonetheless, in order for a tumor to grow and
progress, such an extensive immune response should be
counter-balanced by immunosuppressive factors pro-
duced by tumor cells and their microenvironment. Llosa
et al. [121] demonstrated specific overexpression of
immunological checkpoint molecules such as PD-1, PD-
L1, CTLA-4, LAG-3, and IDO, lacking in MSI™~ tumors,
thus rendering patients with MSI" tumors as excellent
candidates for checkpoint blockade immunotherapy suc-
cessfully applied in patients with melanoma [122, 123].
Based on phase II clinical trial of pembrolizumab (a PD-
1 blocker) in patients with MSI™ tumors, this approach is
highly promising [124].

Collectively, MSI*-colorectal carcinomas comprise
not more than 15% of all colorectal cancers generally con-
sidered as poorly immunogenic tumors. In 2006, Galon et
al. [125] studied density, type, and location of tumor-infil-
trating lymphocytes in a large cohort of patients with colo-
rectal cancer regardless of MSI. The quite predictable
results on improved survival of patients with abundant vs.
modest CD3" T lymphocytic infiltrate turned out to be
rather intriguing upon considering location of tumor-infil-
trating lymphocytes (intra- and peritumoral), additional
specific detection of memory CD45RO" T cells, and com-
parison of prognostic value of these parameters with tumor
staging according to UICC TNM. In particular, it was
shown that patients with stage I-III tumors abundantly
infiltrated with CD3" T cells in the central and peripheral
zones demonstrate significantly better survival rates than
the stage-matched patients with tumors showing poor
lymphocytic infiltration of the same areas; importantly, the
survival rate within each group (abundant/poor infiltra-
tion) showed no correlation with TNM stage.

Even more striking were results obtaining using the
same approach after additional analysis of density of
memory CD45RO™ T cells. It was found that 10-year sur-
vival of patients with high abundance of both CD3" and
CD45RO" cells within tumor stroma appeared to be more
than 80% irrespectively of TNM stage (I, II or III),
whereas all patients with poor CD3* and CD45RO" infil-
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tration died within 1 year, including patients with TNM
stage I tumors, generally considered to be quite indolent
and potentially completely curable. Thus, for the first
time this study demonstrated high and, to some extent,
TNM-staging independent prognostic value of phenotype
of intratumoral lymphocytic infiltration. Later, Galon et
al. formalized the density of immune infiltrate by intro-
ducing an ImmunoScore parameter varying from 0 to 4
and verified previous data demonstrating its high prog-
nostic value that was superior to the TNM system in pre-
dicting tumor recurrences and distant metastasis [126-
128]. In 2011, an international task force was organized
aimed at multi-center evaluation of prognostic value of
ImmunoScore and potentially groundbreaking introduc-
tion of the relevant additional parameter into UICC
TNM staging (TNM-I) [129].

Finally, in 2016 Mlecnik et al. [130] reported that
ImmunoScore provided better prognostic results com-
pared to microsatellite instability analysis, which might
be used to select patients for checkpoint blockade
immunotherapy.

Here we discussed three types of malignant neo-
plasms in humans (melanoma, medullary breast cancer
and papillary thyroid cancer) that were shown to display
an association between abundant lymphocytic infiltrate
and favorable prognosis. The subset composition of
immune infiltrate varies over a wide range depending on
multiple factors including yet unknown parameters;
depending on activation stage and cytokine milieu, each
immune cell subset may exert either suppressive or acti-
vating effects on tumor growth and progression. The in-
depth characterization of immune infiltrate (Immuno-
Score) developed for patients with colorectal cancer
could allow a new look at assessing prognosis and selec-
tion of treatment strategy for other tumor types.
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