
There is no shortage of publications concerning

mechanisms and conditions of metastasizing. Changes

that occur in tumor cells and in places of future metas-

tases to promote formation of secondary tumor nodes are

known in general [1-6]. In the great majority of works, the

process is considered on models of hematogenic metasta-

sizing. Lymphogenic metastasizing is formally similar to

the hematogenic one, but it has its own specificity. A clear

manifestation of lymphogenic metastasizing is its regular

development in cases of carcinoma and the significantly

lower frequency in cases of sarcoma, notwithstanding that

these two large groups of tumors have a similar predilec-

tion for producing hematogenic metastases [7-9]. The

reason for the obvious difference between carcinomas and

sarcomas in the development of lymphogenic metastases

remains unclear [8-10]. Factors that are known to deter-

mine the appearance of lymphogenic metastases (forma-

tion of intratumoral network of lymphatic vessels, pres-

ence of constitutive metastatic niches and preniches,

locomotion phenotype, and invasiveness of tumor cells)

ISSN 0006-2979, Biochemistry (Moscow), 2013, Vol. 78, No. 3, pp. 314-323. © Pleiades Publishing, Ltd., 2013.

Original Russian Text © V. N. Manskikh, V. M. Perelmuter, 2013, published in Biokhimiya, 2013, Vol. 78, No. 3, pp. 413-424.

Originally published in Biochemistry (Moscow) On-Line Papers in Press, as Manuscript BM12-259, January 20, 2013.

HYPOTHESIS

314

Abbreviations: AE1/AE3, cocktail of antibodies detecting a

variety of cytokeratins; APC, antigen-presenting cell; BEI,

benign epithelial inclusion; CD, clusters of differentiation;

EMT, epithelial–mesenchymal transition; gp180, membrane

glycoprotein 180 of intestinal epithelial cells; ICAM, intercel-

lular adhesion molecule; IFγ, interferon γ; MHC I(II), major

histocompatibility antigens I and II; TGFβ, transforming

growth factor β; Th1, type 1 T-lymphocyte helpers.

* To whom correspondence should be addressed.

Collateral Presentation of Antigens as Physiological Prototype

for Lymph Node Metastases

V. N. Manskikh1* and V. M. Perelmuter2,3

1Faculty of Bioengineering and Bioinformatics, Lomonosov Moscow State University,

119991 Moscow, Russia; E-mail: manskikh@mail.ru
2Cancer Research Institute, Siberian Branch of the Russian Academy of Medical Sciences,

ul. Savinykh 12/1, 634028 Tomsk, Russia
3Siberian State Medical University, Moskovskii Trakt 2, 654050 Tomsk, Russia; E-mail: pvm@ngs.ru

Received September 12, 2012

Revision received November 11, 2012

Abstract—The formation of lymphogenic metastases remains enigmatic. In particular, the much more pronounced predilec-

tion of carcinomas than of sarcomas to metastasizing into regional lymph nodes is an unsolved problem. We suggest that this

difference could be due to the ability of epitheliocytes for a hypothetical process termed by us “collateral presentation of

antigens”. Under conditions of infection of epithelium with intracellular pathogens or during inflammation, epithelial cells

acquire a special receptor phenotype, undergo the epithelial–mesenchymal transition, and migrate along lymphatic vessels

into lymph nodes where they present antigen to immunocytes. The collateral presentation of antigens can be of significant

biological importance in the case of insufficient classical pathway of antigen presentation (by dendritic cells) or on distur-

bance in the death mechanisms of the infected cells. Depending on conditions of induction of the epithelial–mesenchymal

transition and on possible ability of epitheliocytes to express MHC II with co-stimulating molecules, two pathways, “con-

tainer-mediated” and “MHC II-dependent”, of antigen presentation in lymph nodes resulting in development of immuno-

genesis or anergy of immunocytes are supposed to exist. All pathways of delivery of the epithelial cells into lymph nodes and

of antigen presentation by epitheliocytes terminate by death of these cells. The lymphogenic metastasizing realizes the same

mechanism under conditions of tumor disease; however, this is not associated with cell death, but they actively colonize the

lymph node. The proposed hypothesis allows us to explain the metastasizing of sarcomas into lymph nodes. The main pre-

requisite for lymphogenic metastasizing seems to be related with the mesenchymal–epithelial transition of sarcoma cells

promoting their involvement in the presentation of antigens.
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are equally capable of providing the delivery and prolifer-

ation of cells of both carcinomas and sarcomas in region-

al lymph nodes [1, 5, 8-10].

It seems unlikely that the regular lymphotropism of

carcinoma cells is an accidental feature inherent only in

the tumor epithelium. Whatever the immediate molecular

nature was of the lymphotropism of carcinoma-derived

metastases, we think that this phenomenon is due to some

functional feature of epithelial cells acquired during evo-

lution and important for adaptation. Therefore, lym-

phogenic metastasizing is likely to possess its own physi-

ological prototype, the knowledge of which would be

favorable for understanding the formation of metastases

in lymph nodes.

In general, we think that the search for and analysis

of physiological prototypes of pathological processes can

be very fruitful for studies on problems of pathology and

especially of oncology [11-13]. There is also another

essential aspect – analyzing reactions of cells and tissues

under conditions of pathology can indicate the existence

of yet undiscovered physiological phenomenon. In this

paper, we shall try to consider lymphogenic metastasizing

of tumors based on our hypothesis that it can be a mani-

festation (under conditions of tumor disease) of a link of

the immune process, which we have termed “collateral

presentation of antigens”.

COLLATERAL PRESENTATION

OF ANTIGENS: DEFINITION OF THE TERM

With this term we describe the situations when cells

that formally are not components of the immune system

are able to present antigens in addition1 to the classical

scheme the antigen presentation2, acting as full-value

analogs of macrophages (dendritic cells) or only as a

“container” of the antigen for delivery into the place of

localization of cells responsible for professional presenta-

tion of antigens.

For presentation of antigens by epithelial cells at

least three conditions are required: the release of the cell

from the epithelial layer and acquisition of locomotion

phenotype; delivery of the cell into the lymphatic vessel

and lymph node; acquisition by the epithelial cell of abil-

ity for presentation of antigen Th0 to lymphocytes or

phagocytosis of the epitheliocyte with associated process-

ing and presentation of its antigens by professional APC

of the lymph node.

Consequently, the collateral presentation of antigens

can be realized by at least two fundamentally different

hypothetical variants: “active”, when the epithelial cell

itself, without mediators, acts as an APC; and “passive”

(“container-mediated”), when the cell only delivers the

antigen to professional APCs. Further, we shall consider

these two possibilities, but initially it is reasonable to pay

attention to the biological role of this hypothetical

process.

FOR WHAT CAN COLLATERAL PRESENTATION

OF ANTIGENS BE REQUIRED?

We think that the collateral presentation of antigens

arising under certain conditions and delivering antigenic

determinants of pathogens into regional lymph nodes can

be important during infections caused by intracellular

pathogens, first of all, by viruses.

Infection is a complicated interaction of the micro-

and macroorganism, and during infection the main pur-

pose of the pathogen is to ensure the survival of the

species due to genetically variable proliferation [14]. On

the contrary, the evolutionary purpose of the macroor-

ganism is to create the most efficient anti-infection resist-

ance preventing the persistence, proliferation, and

spreading of the pathogen in the organism and minimiza-

tion of the pathogen-induced damage. Respectively, we

may suppose that collateral presentation should reach two

alternative purposes: to enhance the efficiency of

immunogenesis, or, on the contrary, to create immuno-

logical tolerance (anergy) preventing inadequate immune

response.

First, consider the place of collateral presentation of

antigens among mechanisms responsible for elimination

of pathogens. It is known that during evolution a number

of defense systems appeared that are capable of eliminat-

ing from the macroorganism of intracellular pathogens,

whereas these pathogens acquired some features allowing

them to avoid the elimination. In addition to purely intra-

cellular mechanisms, such as RNA interference [15],

there are some processes that occur on the cell level. An

important pathway for defense against an infectious agent

is death of the infected cell, because this death simultane-

ously destroys the virus and inhibits the spreading of the

viral infection [16]. Four types of death of the host’s

infected cells are known (apoptosis, necrosis, pyroptosis,

and autophagy) [17], and the role of apoptosis is charac-

terized in most detail [16]. In some cases, apoptosis is

effective also against intracellular bacterial pathogens [18].

Aside from apoptosis, autophagy can also be associ-

ated with viral infection. In some cases (infection with

human immunodeficiency virus) autophagy precedes

apoptosis [19], and in other cases (infection with influen-

za virus) inhibition of autophagy (e.g. by virus matrix pro-

tein 2) promotes apoptosis of the virus-infected cells [20].

1 This is the reason for the term “collateral”, i.e. “by-passing”,

“additional” presentation of antigens.
2 Uptake by a macrophage (dendritic cell) of the antigen with

subsequent processing, presenting of epitopes on the mem-

brane in complex with MHC II and co-stimulating mole-

cules, migration into lymph nodes, and presentation of anti-

genic determinants to T- and B-lymphocytes.
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Autophagy can also act as a defense mechanism

destroying an intracellular pathogen without cell death

[21]. It should be noted that the role of autophagy in

resistance against intracellular pathogens is not limited to

their destruction (associated with the death or with

retained viability of the infected cells). Autophagy is also

involved in processing of endogenously synthesized pro-

teins (including those of the virus) followed by joining

them to MHC II and presentation on the cell surface

[22]. Pyroptosis and necrosis are the roughest responses

to a pathogen resulting in the release of the cell contents

into the extracellular medium and development of

inflammation with severe alteration of tissues [17].

However, intracellular infectious agents rather fre-

quently have features allowing them to escape elimination

as a result of cell death (Fig. 1). In particular, infection

with some viruses induces expression of antiapoptotic

proteins, which results in replication of the viral genome

before the death of the cell. Moreover, in such situations

apoptosis promotes the exit of the virus from the cell and

acts as a mechanism of development of the disease [16,

23, 24]. The genomes of some viruses have genes whose

products inhibit autophagy, in particular, via signaling

pathways associated with protein Beclin-1, and thus they

prevent degradation in autophagosomes [25].

In addition to virus-initiated cell death, antivirus

defense is also guaranteed by the inborn and adaptive

immunity mechanisms [26]. Adaptive antivirus immunity

is activated due to APCs. In APCs, viral proteins are

treated with production of antigenic peptides, which in

complex with MHC II stimulate CD4+ and CD8+ T- and

B-lymphocytes [27]. However, similarly to the case of cell

death, during evolution pathogens have developed mech-

anisms capable of actively preventing their recognition by

the immune system, including the earliest stage of antigen

presentation. Thus, such viruses as the herpes causative

agent and possibly the varicella virus can cause apoptosis

of Langerhans cells [28] and thus sharply decrease the

efficiency of immunogenesis during these diseases.

During the development of infection, disorders can arise

in MHC I expression or in proteasomal degradation of

proteins of the pathogen in infected cells, which makes

impossible their interaction with effector CD8+ T-lym-

phocytes responsible for elimination of the infected cells.

It seems obvious that epithelial tissues are in closer

contact with the environment than other tissues, and thus

they undergo the greatest risk of contamination by intra-

cellular pathogens. The load with pathogens is especially

great for epidermis. This is indirectly indicated by its pos-

sessing the Langerhans cell network, which functions as

“professional” APCs [28]. Taking these data and consid-

erations into account, it seems reasonable that during

evolution a mechanism would arise responsible for activa-

tion of immune sanogenesis even on insufficiency of

apoptosis (and autophagy) in epithelial cells at the infec-

tion gate and also on failure of the classical pathway of

antigen presentation. It seems possible that in this situa-

tion, epithelial cells containing an intracellular pathogen

due to some inherent features can realize the collateral

presentation of the antigen, i.e. to transfer it into a place

with the most favorable conditions for immunogenesis.

Such a place in the organism are the regional lymph

nodes, and the infected epitheliocytes can act as both

simple antigen-carrying “containers” and realize the full-

value MHC II-dependent presentation of the antigen to

Th0-lymphocytes. The immune response developing in

Fig. 1. Variant of sanogenesis due to death of both the infected cell and the intracellular pathogen (a) and mechanism of escaping it (b).
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this case leads to elimination of the pathogen from the

organism, and thus it ensures efficient sanogenesis even

on failure of the pathogen-dependent cell death and ini-

tial stages of the classical immunogenesis at the infection

gate.

However, another variant can also be realized when

the antigen delivery by epitheliocytes in the complex with

the MHC II but without co-stimulating molecules is

accompanied by anergy of T-lymphocytes and inhibition

of inadequate immune inflammation. In this case, collat-

eral presentation acts as a regulatory mechanism mini-

mizing immune damage to the tissues but not being

immediately associated with the elimination of the

pathogen. This hypothesis is based on numerous reports

that under certain conditions MHC II-positive epithelio-

cytes can induce antigen-specific anergy of T-lympho-

cytes (see below).

Based on the available information, we shall attempt

to consider in more detail the probable mechanisms for

delivery of the antigenic information into lymph nodes by

epitheliocytes.

“CONTAINER-MEDIATED” PRESENTATION

OF ANTIGENS BY EPITHELIAL CELLS

We think that in some cases epithelial cells can act as

a transporting container for antigen delivery into lymph

nodes. This pathway might occur by two hypothetical

variants.

In the first case (Fig. 2a), the process is induced by

appearance in the cell of viral proteins, which initiate the

cell release from the layer [29] and acquisition of the

locomotion phenotype [30, 31]. This reaction is supposed

to be the most specific for infected cells with inhibited

apoptotic or autophagic response to the pathogen. The

epithelial−mesenchymal transition (EMT) seems to be

the most probable mechanism of acquiring the locomo-

tion phenotype, and this mechanism can be activated by

viral proteins [30, 31]. The natural apoptotic reaction to

releasing of epithelial cells from the layer, anoikis, is auto-

matically inhibited due to EMT [32, 33], which ensures

the brief retention of viability of such a cell.

It seems that epitheliocytes can be most easily

released and delivered into lymph nodes in epithelial stem

cells (cells of the intestinal crypt bottom, of the basal layer

of squamous epithelium), which have some EMT features

even under normal conditions [34, 35]. It is essential that,

just these cells are most frequently contaminated with

viruses [36]. The mechanism of subsequent directed

migration of the epithelial cell into lymphatic vessels and

regional lymph nodes has to be similar to the mechanism

used by dendritic cells upon reception of antigenic and

Toll-like signals at the infection gate [28]. In this connec-

tion, note that the directed migration of lymphocytes,

macrophages, and tumor cells metastasizing into lymph

nodes was recently shown to depend on the same

macrophage mannose-binding receptor [37].

On coming into the lymph node, epithelial cells can

undergo immunogenic apoptosis [38-41] or be totally

phagocytized (due to expression of “eat-me” type signals

on the membrane) by local dendritic cells [42], which are

always numerous in lymph nodes [43]. Antigens inside

the engulfed cell or in the apoptotic body find themselves

in dendritic cells, where they undergo processing and

presentation to Th0-lymphocytes in complex with MHC

II. Activated immunogenesis in this case is likely to occur

by the Th1-type because just this type is the most essen-

tial for elimination of infected cells.

The second variant of the “container-mediated”

delivery (Fig. 2b) is different from the first by the mecha-

nism of induction of the locomotion phenotype. In this

case, the EMT is achieved under the influence of

cytokines (e.g. TGFβ) in the inflammation focus.

Afterwards, the infected cell directly migrates into the

lymph node using a mechanism similar to that, which is

used by macrophages, lymphocytes, and dendritic cells

[28, 37]. The lymph node seems to lack the cytokine

background responsible for induction and maintaining of

the mesenchymal state, and this results in EMT reversion

and the cell acquiring sensitivity to proapoptotic signals.

This leads to cell death caused by anoikis, because inside

the lymph node the epitheliocyte is deprived of adequate

contacts either with the basal membrane or with other

epithelial cells. Apoptotic bodies produced during these

events contain molecules stimulating immunogenesis;

therefore, their engulfment by dendritic cells is accompa-

nied by development of immune reaction to the antigens

inside the bodies. The cell can also be phagocytized in

total due to ligand interaction with the “eat-me” type

receptors with the subsequent development of immuno-

genesis according to the above-described scenario.

MHC II-DEPENDENT PRESENTATION

OF ANTIGENS BY EPITHELIOCYTES

Epithelial cells are usually rather immunologically

active elements that can immediately or distantly interfere

in immune processes and modulate them. Thymus stroma

epithelium is known to influence the maturation of T-

lymphocytes, regulation of functions of theliolymphocytes

by enterocytes, and release by epithelial cells of proin-

flammatory (and also other) cytokines upon interaction of

pathogens with Toll-like receptors, which play an impor-

tant role in activation and inhibition of immune reactions

[43]. The role of epitheliocytes as antigen-presenting cells

is also well known, especially their MHC I-mediated

interaction with CD8+ T-lymphocyte-killers [43]. There

are also some data on possible presentation of antigens to

T-lymphocytes by epitheliocytes with involvement of

“noncanonical” antigen-presenting molecules [44].
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The ability of epithelial cells to interact with CD4+

T-lymphocytes-helpers that is important for inducing a

full-value adaptive immunogenesis is less clear. Under

conditions of death or functional incompetence of “pro-

fessional” APCs when the antigen delivery into lymph

nodes is inhibited, induction of antigen-presenting abili-

ties seems to be reasonable just in epithelial cells, which

in this case act as independent full-value APCs. However,

the ability for the antigen processing and its expression in

complex with MHC II and co-stimulating molecules are

necessary for this [43].

Antigens of intracellular infectious agents can be

processed in epitheliocytes either through proteasomal

degradation with a subsequent expression in complex

with MHC I, or through autophagy, which can not only

destroy intracellular pathogens, but also present their

antigens on the membrane together with MHC II. The

latter pathway is especially important because just the

Fig. 2. Variants of collateral presentation of antigens providing development of immunogenesis and sanogenesis during infections accompa-

nied by the endocellular location of a pathogen. Inhibition of apoptosis or autophagy of the cell-carrier by proteins synthesized upon induc-

tion by pathogens can trigger mechanisms of collateral presentation of the pathogen’s antigens. a) The “container” variant associated with trig-

gering EMT through the intracellular signaling system. The cell-carrier discharged from the bonds with other epithelial cells and possessing

locomotion phenotype migrates into the regional lymph node. In the lymph node the cell dies due to reversion of the ability for apoptosis or

due to expression of “eat-me” type signals. In any variant, the dying cell-carrier is engulfed by a dendritic cell performing the antigen pro-

cessing and presentation to Th0-lymphocytes. The classical adaptive immunity develops. b) “The container” variant associated with develop-

ment of innate-inflammation in the tissue region with infected epithelial cells. Under the influence of cytokines (TGFβ) of inflammatory

effector cells, EMT occurs succeeded by processes described in variant (a). c) MHC II-dependent variant associated with autophagy of

pathogen components in the cell-carrier and expression of epitopes in complex with MHC II. The EMT is induced through the intracellular

signaling system. Upon immigration into the lymph node, the epithelial cell presents the antigen immediately to a Th0-lymphocyte and then

dies. In this variant of collateral presentation of antigens, the epithelial cell-carrier acts as an APC, which expresses not only the

antigen–MHC II complex but also the co-stimulating molecules. Adaptive immunity (or specific anergy in some cases) develops. d) MHC II

variant associated with innate-inflammation. Under the influence of cytokines, the MHC II is expressed in the complex with epitopes, the

EMT is induced, and then processes described in variant (c) occur.
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antigen–MHC II complex can interact with the interface

of CD4+ T-lymphocyte-helper [43]. Presentation of epi-

topes processed upon autophagy and expressed in the

complex with MHC II is considered to be an addition

when MHC I-mediated presentation is impossible

because aggregation of antigens prevents their degrada-

tion in proteasomes [22]. Therefore, triggering of

autophagy in infected cells can lead to stimulation of

CD4+ T-lymphocytes specific for the pathogen’s anti-

gens. Various epithelial tissues were recently shown to

express MHC II on membranes, especially under patho-

logical conditions3. MHC II expression on keratinocytes

is shown in demodecosis [46], leishmaniasis [47], papillo-

ma virus infection [48], and some experimental autoim-

mune skin inflammatory lesions in laboratory animals

[49, 50]. Epithelium in both the large and small intestine

can constitutively express MHC II, and receptors are

located only on the basolateral surface of enterocytes

[51]. MHC II expression by enterocytes sharply increases

on stimulation with proinflammatory cytokines (IFγ) [51,

52]. It was supposed that intestinal epithelial cells capable

of processing antigens and presenting them in complex

with MHC II, and also of expressing various co-stimulat-

ing molecules, could interact with inter-epithelial T-lym-

phocytes and with T-lymphocytes located under the basal

membrane of the intestine, and could regulate the T-cel-

lular response in the intestinal mucosa [51]. It is reason-

able to suppose that, on the presence of MHC II in the

epithelium, the triggering of autophagy in infected cells

can lead to stimulation of CD4+ T-lymphocytes specific

for antigens of the infectious agent.

Thus, we can conventionally put forward two vari-

ants of MHC II-dependent collateral presentation of

antigens. In the first variant (Fig. 2c), expression of anti-

gen–MHC II complex is induced by activation of

autophagy, and in the second variant (Fig. 2d) the expres-

sion is induced by cytokines released by the cells during

the development of inflammation in the place of the

pathogen’s introduction. The further stages of the

process – migration into the lymph node and presenta-

tion of antigens to immunocytes, as well as the biological

interpretation of these stages – are the same for both vari-

ants.

The targeted delivery of epithelial cells into the

lymph node is the central postulate of the hypothesis. The

probability of meeting of an epitope with definite speci-

ficity presented by an epithelial cell at the infection gate,

e.g. in the intestinal mucosa, with T-lymphocyte with the

T-cellular receptor with the same specificity, is extremely

low even under conditions of active migration of

immunocytes due to immune inflammation. Peyer’s

patches and solitary follicles, which also are possible

places of local migration of epithelial cells, seem to be the

only exceptions. Therefore, the detected capability of

various epithelial cells for processing the antigen and pre-

senting it in complex with MHC II and co-stimulating

cells receives great functional meaning if there is a mech-

anism for delivery of such cells into the regional lymph

node. The role of such a mechanism can be played by

EMT, which can occur in epithelial cells either under the

influence of proteins encoded by the viral genome (Fig.

2c), or under the action of cytokines in the inflammation

focus (Fig. 2d).

Upon receiving the locomotion phenotype, the cell

can actively reach lymphatic vessels and lymph nodes and

present there the antigen in complex with MHC II using

the same mechanisms as professional antigen

presenters – dendritic cells [28, 43]. There are reasons to

think that such a phenomenon can occur especially fre-

quently under conditions of inflammation accompanied

by dysregenerations exemplified by pseudoepithelioma-

tous hyperplasia associated with infiltrative growth of the

epithelium, which is very similar to an invasive growth of

carcinoma. A cell that finds itself inside the lymph node

and presents the antigen has to die either through apop-

tosis (e.g. through anoikis because of absence of cytokine

context maintaining the mesenchymal state) or through

phagocytosis due to the ligand interaction with the “eat-

me” type receptors.

The effect of antigen presentation by the epithelial

cell is believed to depend on the molecular context.

Antigen delivery by cells possessing MHC II and capable

of presenting antigen but deprived of co-stimulating mol-

ecules (CD40, CD80, CD86) is known to stimulate anti-

gen-specific anergy of CD4+ T-lymphocytes [51, 53]. We

shall show below that in some cases the antigen presenta-

tion is arranged in just the same manner. Although such

an “alternative” role of the collateral presentation of anti-

gens seems less realizable, it can be significant as a mech-

anism of suppressing inadequate immune response.

Therefore, it should be noted that the IFγ, which is an

inducer of MHC II expression, is concurrently a factor

inhibiting the classical presentation of antigens by

Langerhans cells [54]. It seems not accidental that thy-

mus, which is mainly responsible for immunological tol-

erance, is the only organ of the immune system possess-

ing epithelial stroma capable of expressing MHC II [43].

Expression of co-stimulating molecules (CD40,

CD58, CD80, CD86, gp180, ICAM-1) in epithelial cells

has been described not once and under different condi-

tions; however, regularities of its arising are not estab-

lished. In some cases, these molecules were expressed

constitutively (CD58 on enterocytes, CD86 on ker-

atinocytes) [48, 51, 55], whereas in other cases expression

of all the molecules or only of some of them was activat-

ed during inflammation [51]. And, finally, sometimes this

3 MHC II in vitro induction has been described also in fibro-

blasts; however, this complex is shown to promote the activa-

tion of fibroblasts themselves and not their regulation of func-

tions of T-lymphocytes [45].
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expression was not observed at all, or only corresponding

mRNAs were detected in the cytoplasm of epitheliocytes

[53]. Similarly, different experimental situations revealed

the ability of enterocytes and keratinocytes with MHC II

to present antigens accompanied by activation of CD8+

T-lymphocytes [50, 51], CD4+ T-lymphocytes [49, 56],

anergy of T-cells, and even without any effect [50, 52].

Obviously, conditions determining consequences of anti-

gen presentation by epithelial cells are insufficiently

known.

Thus, although conditions determining effects of

epithelial presentation of antigens are not known com-

pletely, the probability of such process and the presence in

epitheliocytes of all necessary components have been

convincingly shown in different models. The two variants

described – depending either on autophagy activation or

on stimulation by cytokines in the inflammation focus –

would be able to promote production of migrating cells –

derivatives of the epithelial layer capable of delivering

antigen into the lymph node, of full-value presenting it,

and of realizing sanogenesis (or anergy of T-cells) if this

component of adaptive immunity is incompetent.

EPITHELIAL INCLUSIONS IN LYMPH NODES:

“BENIGN” LYMPHOGENIC METASTASES

It was reported in old works [57, 58] that lymph

nodes contain epithelial islets, which were termed

“benign epithelial inclusions” (BEIs). By now some data

have accumulated, mainly concerning differential diag-

nosis of such formations and of lymphogenic

micrometastases of tumors [59-67]. The incidence of

BEIs is not known exactly. Up to now, there is no distinct

concept about the origin of BEIs. Some authors consider

them to be embryonic dystopias [57, 63, 65, 66, 68],

whereas others think that they are epithelial cells acci-

dentally coming into lymphatic tracts under conditions of

massive alteration of tissue or during inflammation [58,

66, 67]. From the viewpoint of collateral presentation of

antigens, BEIs seem to indirectly prove the delivery into

lymph nodes of epithelial cells that have succeeded in

avoiding the death caused by apoptosis (anoikis), but

rather have proliferated and formed a small colony. As

differentiated from separate epithelial cells, which can be

easily confused with macrophages and even with plasmo-

cytes, such islets are definite morphological evidence of

the presence of epithelial elements in lymph nodes4. The

rapid death of epitheliocytes and their engulfment by

dendritic cells seem to explain the rare detection of BEIs

by pathologists in lymph nodes, similarly to apoptotic

bodies under physiological conditions. The morphologi-

cal detection of the collateral presentation of antigens

could fail because separate epithelial cells could lose dur-

ing EMT the typical morphology and acquire apparent

similarity with small mesenchymal cells.

Metastasizing into lymph nodes from an undetected

primary site is another phenomenon of malignant tumor

progression that is generally known but nevertheless still

unexplained. The frequency of this variant of tumor dis-

ease described by Foulds [69] that demonstrates relative

independence of metastasizing on development of the

primary tumor is rather high, up to 5-8% [70, 71]. As a

rule, metastases without a detected primary tumor node

are carcinomas5. It seems that in some such cases the pri-

mary site cannot be detected because it is formed by

malignant epithelial cells of “inclusions” inside the

lymph nodes.

LYMPHOGENIC METASTASIZING

OF CARCINOMAS AS MANIFESTATION

OF COLLATERAL PRESENTATION

OF ANTIGENS

Now the comparison of stages of supposed collateral

presentation of antigens (the cell is released from the

layer, acquires locomotion phenotype, and migrates into

lymphatic vessels and regional lymph nodes) reveals their

similarity with events leading to formation of lym-

phogenic metastases.

In the framework of the concept of collateral presen-

tation of antigens, it is reasonable to suppose that in some

cases lymphogenic metastasizing has to be triggered by

infection of cellular elements of carcinomas with intra-

cellular pathogens, especially with viruses. Due to syn-

thesis of factors inhibiting apoptosis or autophagy, these

viruses prevent the death of the cell and initiate the deliv-

ery of the tumor elements into the lymph node (“con-

tainer-mediated presentation of antigens”). Physiological

mechanisms of tumor cell migration into lymph node can

be activated by autophagy associated with degradation of

pathogens resulting in presentation of antigens in com-

plex with MHC II or in activation of MHC II and EMT

by cytokines under conditions of inflammation (“MHC

II-dependent presentation”).

There is a fundamental difference between normal

and tumor epithelium: the carcinoma cells occurring into

4 We observed some cases of squamous epithelial clusters of cells

including small keratinized complexes in axillary lymph

nodes examined because of invasive cancer of mammary

gland duct. And in the primary tumor there were no signs of

squamous metaplasia or squamous component of the carcino-

ma (unpublished data).

5 We observed the case with a period of 5 years between detec-

tion of the first and second cervical lymph nodes affected by

squamous carcinoma, whereas the primary tumor site was not

found (unpublished data).
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the lymph node have an unlimited ability for proliferation

and a stable (and not short-term) blockade of the anoikis

mechanism. Just this specific feature always leads to for-

mation in the lymph node of a large colony of tumor cells,

but not to inevitable death as in the case of non-malig-

nant cells.

Thus, according to our hypothesis, metastasizing

into lymph nodes in some cases is a result of infection

with intracellular pathogens (especially viruses) that is

essential for searching for targets and monitoring this

process. Thus, decontamination of mucous membranes

of organs during preneoplastic and early neoplastic

processes, especially under conditions of chronic inflam-

mation, can be an approach for preventing metastasizing

of carcinoma on its possible arising from these organs.

MESENCHYMAL−EPITHELIAL TRANSITION

AS A PREREQUISITE FOR SPORADIC

LYMPHOGENIC METASTASIZING

OF SARCOMAS

From the standpoint of the hypothesis, it is impor-

tant to analyze rather rare situations when sarcomas can

give lymphogenic metastases. The frequency of sarcoma

metastases into lymph nodes is 3-10%. The lymphogenic

metastasizing is more often observed in highly malignant

sarcomas, and among them especially often in rhab-

domyosarcoma (11-36% of cases), epithelioid sarcoma

(17-80%), clear cell sarcoma (25-50%), synovial sarco-

ma (2-17%), and angiosarcoma (11-40% of cases) [72-

78].

Note that metastasizing sarcomas have in common

the ability to express cytokeratins or epithelial membrane

antigens, i.e. markers peculiar for epithelial tissue. Their

appearance in sarcomas may be considered as a manifes-

tation of mesenchymal−epithelial transition. The possi-

bility of such transition in sarcomas has been shown for

synovial sarcoma (without discussion about the probabil-

ity of its relation with lymphogenic metastasizing) [79].

The average frequency of cytokeratin expression is

5% in different subtypes of rhabdomyosarcoma [80], but

in alveolar rhabdomyosarcoma expression of different

cytokeratins is up to 50% [81]. In epithelioid sarcoma a

wide spectrum of epithelium differentiation markers has

been detected: epithelial membrane antigen, cytokeratins

8 and 18, and in some cases cytokeratin 7 and high

molecular weight keratins [82]. Expression of cytoker-

atins is observed in 29% of clear cell sarcomas. In the

majority of synovial sarcomas cytokeratins are expressed

isolated or combined to one another that can be detected

with AE1/AE3 antibodies, as well as cytokeratins 7, 19

and epithelial membrane antigen [83]. Markers of epithe-

lial differentiation are also revealed in some angiosarco-

mas: cytokeratins in 3% and epithelial membrane antigen

in 10% [84].

These data allow us to pose a very specific question:

whether the totality of the above-presented observations

means that the inherence in tumor cells of some impor-

tant biological features common with those of epithelial

cells can be a key factor of lymphogenic metastasizing.

We think that under certain conditions such feature can

be the ability of the epithelial cell to realize the collateral

presentation of antigens in lymph nodes. Thus, according

to our hypothesis, sarcomas can give lymphogenic metas-

tases only upon a certain degree of mesenchymal−epithe-

lial transition of their cells.

In this work we have attempted to find a physiologi-

cal foundation for lymphogenic metastasizing of tumors

based on the concept that various pathological processes

are products of quite “normal” physiological phenomena

that can arise under unusual conditions or in unusual

combinations. We think that the idea of collateral antigen

presentation can be useful not only because its confirma-

tion is promising for development of new approaches and

targets for treating lymphogenic metastasizing, but also

because it postulates the existence of a yet unknown

immunological process that can be an important regula-

tory link determining the development either of immune

response or anergy of lymphocytes.

We believe that the hypothesis that epithelial cells are

capable of collateral presentation of antigens can solve a

very old and well-known enigma of oncology about the

much more pronounced predilection of carcinomas for

lymphogenic metastasizing as compared to mesenchymal

tumors. This hypothesis promotes understanding of why

epithelial tumor cells have a tendency for migration into

lymph nodes, similarly to immunologically active cells of

leukemias and hematopoietic solid tumors.

PREDICTIONS FOR VERIFICATION

OF THE HYPOTHESIS

Inhibition of EMT of epithelial cells under condi-

tions of inflammation has to induce a decrease in immune

response parameters during infections caused by intracel-

lular pathogens capable of blocking apoptosis and

autophagy. The inverse effect can also occur due to abol-

ishment of anergy of T-lymphocytes.

Introduction into a lymph node of epithelial cells

carrying MHC II and heterologous antigen has to signif-

icantly influence immune response efficiency because,

depending on the expression of co-stimulating molecules

on epitheliocytes, it can induce either immunogenesis or

anergy.

Contamination of carcinoma cells with intracellular

pathogens inhibiting apoptosis or autophagy increases the

risk of lymphogenic metastasizing and must be consid-

ered as an obligate promoter of metastatic disease and a

potential target for prophylaxis of this disease.
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Signs of mesenchymal–epithelial transition in sar-

comas increase the risk of development of lymphogenic

metastases; thus, inhibition of this transition has to lower

the probability of lymphogenic metastasizing.

In the presence of pseudoepitheliomatous hyperpla-

sia, separate epithelial cells and whole epithelial inclu-

sions are expected to be regularly found in regional lymph

nodes.

The probability of development of BEIs in lymph

nodes has to depend on of the contamination of the

epithelium with intracellular pathogens and/or on the

presence of inflammation.

Under conditions of dysregeneration, the inflamma-

tory infiltrate of the regional lymph node stroma and tis-

sue can contain cells with genetic, transcriptional, and

expression markers of epithelial cells produced as a result

of EMT and be morphologically indistinguishable from

mesenchymal cells.
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