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Abstract

Background and purpose: Transplantable immunogenic breast tumors (EMT6) in CD200RKO mice, but not wild-type (WT) animals, are cured of
local and metastatic tumor growth following surgical resection and immunization with irradiated cells in adjuvant. By contrast tumor growth of the
poorly immunogenic 4THM breast cancer was actually enhanced in CD200R1KO mice by comparison with WT mice. A novel two-phase culture
system in which tumor invasion from a liquid phase occurs into a collagen gel containing bone marrow mesenchymal stromal cells (BMMSCs)
was described which could recapitulate many of the differences observed in vivo between EMT6 and 4THM tumor cells. Invasion of tumor cells
into the gel layer was monitored after collagenase digestion and culture of tumor cells at limiting dilution. Aliquots of the digest were assayed for
cytokine levels in ELISA.

Results: Growth of both EMT6 and 4THM tumor cells into the collagen matrix was increased in collagen gels impregnated with BUMSCs. TGF 3 ,
IL-6 and IL-17 were detected in both gel and liquid phases following addition of DLN cells to the matrix. While inclusion of IL-6 and IL-17 alone in
the gel matrix increased EMT6 tumor cell invasiveness, this was actually attenuated by inclusion of Draining Lymph Node (DLN) cells from EMT6
immune mice into the gel. This attenuation was abolished by anti-TGF 3 antibody, and re-established using recombinant TGF 3 . Anti-TGF (3 did
not affect 4THM tumor invasion into collagen gels, though there was a trend to increased invasion with TGF 3 added to the gel matrix.

Conclusion: Micro-environmental stromal elements and the cytokines IL-6/IL-17/TGF  control local invasion of breast tumor cells. These effects

are further differentially modulated in different tumors by the presence of additional inflammatory/immune responses.
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Introduction

Immune and non-immune cells (stroma) within the tumor microenvironment
(TME), along with factors produced by those cells, play important roles
in tumorigenesis [1]. In early stages of tumor growth tumor-antagonizing
immune cells/factors within TME seem to inhibit growth of cancer cells, while
at later stages, escape from, or even inhibition of the effector function(s)
of tumor-antagonizing immune cells, can occur [2,3]. Tumor-associated
stromal cells (TASCs), novel stromal cells in the inflammatory TME which
develop after long-term interaction with tumor cells, express higher levels of
multiple proteins compared with their normal non-reactive counterpart [1]. In
addition they secrete pro-tumorigenic factors, including IL-6, IL-8, Vascular
Endothelial Growth Factor (VEGF), and matrix metalloproteinases, all of
which contribute to augmented recruitment of tumor and pro-tumorigenic
cells to the microenvironment [1]. The immune evasion capability of tumors
(tumor checkpoints) has been studied leading to the development of clinical
strategies which target molecules associated with checkpoint inhibition. Use
of immune checkpoint inhibitors, as exemplified by the use of anti- CTLA4 and
anti-PD antibodies, along with adoptive transfer of engineered immune cells
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(e.g. CAR-T) have revolutionized antitumor therapy for many solid tumors [4].

Identifying which targets may be suitable for further investigation in tumor
growth immunomodulation, and their mechanism of action, represents a prime
area of research in this field. In silico technology has been discussed in detalil
elsewhere as a methodology to identify the variety of cells and/or factors which
contribute to the heterogeneity of the TME [3,5]. This is discussed in detail
elsewhere making use of ESTIMATE methodology, followed by CIBERSORT
and ultimately by direct gene expression analysis using tumor tissue [6].
However, in addition to identification of unique cell combinations, and
differential gene expression data, research models, both in vitro, and ultimately
in vivo, must be developed to improve understanding of the mechanism(s) by
which various cells/factors interact to alter tumor growth, and how this may be
manipulated to improve cancer survival.

We described a model 3D culture system to explore how cells/cytokines
in the TME could control local growth and invasion of transplantable murine
breast cancer cells [7-9]. A 2- phase 3-D culture system with bone marrow
derived stromal cells (BMMSCs) from 12 day pre- cultures of T-depleted bone
marrow cells embedded in a collagen matrix was overlaid with liquid cultures of
tumor cells, and tumor cells infiltrating the collagen matrix investigated [7,10].

Tumor cell growth and survival involved cell-cell contact and cytokine
production, including IL- 6 and IL-17 [11,12]. Inclusion of CD4* lymphocytes
from tumor immunized mice along with BMMSCs in the collagen gel further
regulated tumor invasion into the collagen gel phase [7].

Importantly, these data from preliminary in vitro studies mimicked
data from earlier in vivo results studies, and the augmented tumor invasion
associated with either exogenous IL-6 and IL-17 added to collagen gels
containing stromal cells, or by added immune CD4*cells, was (in the latter
case) abolished by inclusion of anti-IL-6 or anti-IL-17 antibodies in the collagen
matrix. Other studies also support an important role for members of the IL-17
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cytokine family in the TME in tumor invasion [13-15]. We have also shown that
cell surface CD200:CD200R interactions can regulate breast cancer growth
and metastasis in vivo, and established a similar influence of CD200:CD200R
interactions for regulation of tumor invasion in vitro by utilizing BMMSCs and
CD4+ cells from mice in which gene expression of CD200 and/or CD200R
was disrupted [7,16-22]. We now report on the additional interactive role of
TGFR expression on local and distant breast cancer growth [23,24]. TGF-p
is produced by cells in the tumor model described in Figure 3, with existing
evidence from other groups that TGF B is both a suppressor of tumor growth at
early stages of tumor development, while at later stages may be implicated in
promotion of invasion and metastasis [25,26].

Materials and Methods

Mice

8-week old wild type (WT) female BALB/c mice from Jax Labs, and
CD200KO or CD200R1 knockout mice on a BALB/c background, are described
elsewhere (20). All mice were housed 5/cage in an accredited facility at the
University Health Network (UHN).

Ethics review

All studies were approved by a local institutional review board, certified by
the Canadian Council on Animal Care (protocol AUP#1.15).

Monoclonal antibodies (mAbs)
All mAbs are described elsewhere [7,8,22].

EMT6 and 4THM tumor models and derivation of tumor-
immune mice (22)

2x10° cells EMT6 and 4THM tumors carried in vitro (2 passages from
frozen stock) were injected into the mammary fat pad of BALB/c female mice
(WT or KO). Axillary lymph nodes draining the tumor (DLN) were harvested at
the times indicated and single cell suspensions prepared after passing through
a wire mesh. Where described, tumor bearing mice had tumors resected 14d
after injection. Mice were immunized ip with homologous irradiated (2000Rads)
tumors cells (5x108) mixed with MPLA (2ug/mouse) in incomplete Freund’s
adjuvant (IFA) 2 days after surgery. 5 mice/group) were used as a source of
tumor-immune DLN 14d later.

3-D culture system to assess tumor invasion in vitro

The RAFT™ 3D cell culture system was used in accordance with the
supplier's reagents [7]. In brief, 2.0 ml of 10 x MEM was added to 15.7 ml
rat-tail collagen type . After neutralization with 1.0 ml of a Neutralizing Solution
0.85 ml of a bone marrow stromal cell suspension (BMMSCs: 6 x10° cells/
ml) was added and mixed thoroughly. To produce BMMSCs bone marrow
cells pooled from 3 control, non-tumor injected, donors of the indicated source
were incubated o -Minimal Essential Medium containing 10% fetal calf serum
(o F10) and 1mM dexamethasone for 12 d before trypsinization and washing.

Gels were cast in 24 well plates (750 ul/well), with 4 x 10° stromal cells/
well, and incubated at 37°C for 15minutes. RAFT absorbers supplied by the
manufacturer were used to remove interstitial fluid from the collagen gels,
and 500yl of fresh culture medium was added to each well before returning
the plate to the incubator (37°C, 5% COZ/air and 95% humidity). In some
studies (see text) the stromal cell suspension also included 10 x 10¢/ml DLN
from naive or tumor immune mice-these wells contained 4 x 10° stromal cells
and 7 x 10° DLN. 1d after initiation of culture the medium overlying the gel was
replaced with medium containing tumor cells (1 x 102 of either EMT6 or 4THM
origin). All groups included 6 replicate wells.

Assessment of tumor cells by limiting dilution culture
analysis

2.5, 5 and 7 days post initiation of Lonza culture as above the liquid layer
was removed for 2 wells/group, rinsed four times with 2ml PBS, and tumor cells
adherent to the surface collagen were released by light trypsinization (300 pl
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trypsin/well at 37°C for 5 min) and enumerated by trypan blue dye exclusion
were enumerated in the combined medium. The frequency of tumor cells in
the collagen gel phase was assessed after digestion with collagenase (250
ul of 0.2% collagenase) for 30 min at 37°C, washing with 2 ml pF10/well, and
analysis in a limiting dilution assay in microtitre plates (20 replicates: 6 Opl, 20
ul and 7 p/well) with all wells containing 1 x 10° irradiated BALB/c splenocyte
feeder cells to improved cloning efficiency at low numbers of tumor cells/well
without having any effect on tumor cell viability/growth at non limiting tumor
cell numbers [7]. An aliquot (280 pl) of the digested gel phase was retained for
cytokine ELISA (below). Figurel shows the kinetics of growth of EMT6/4THM
tumor cells detected by limiting dilution using the various stromal cell feeder
layers described.

ELISA assay for TNFp, IL-6, IL-8 and IL-17 in 3D cultures

35 pl aliquots of the collagenase treated gel phase, or the medium phase
of the 3D cultures described above, were assayed in duplicate for TNF,
IL-6, IL-8 and IL-17 using commercial kits (BioLegend, USA). Similar ELISA
analyses were performed with (2 pl and 6 pl) aliquots of serum from mice
pooled within groups at sacrifice.

Statistics

Within experiments, comparison was made between groups using ANOVA,
with subsequent paired Student's t-tests as indicated.

Results

Enhanced tumor invasion of 4THM and EMT6 tumor cells
using BMMSCs

Growth of immunogenic EMT6 tumor cells is attenuated by inflammatory
host reactions-in turn suppression of inflammation in CD200KO or CD200R1KO
mice augments tumor growth in vivo [20]. In contrast, the reverse growth
characteristics were seen for the poorly immunogenic 4THM, where enhanced
tumor metastasis followed increased inflammation [22].

Similar differences in tumor invasion of 4THM and EMT6 tumors was seen
in the 3D cultures discussed, with typical data shown in Figure 1, pooled from
3 studies of this type [7].

Invasion by 4THM tumor cells was ~bX greater than for EMT6 cells
(compare Figure 1B vs. Figure 1A), regardless of the source of stromal cells
used. Surprisingly, there was no difference in tumor invasion of EMT6 cells
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Figure 1. Comparison of tumor cells detectable in collagen gel phase (Panels A/B) or
liquid phase (Panels C/D) of cultures. 4 x 10° BMMSCs from the mice indicated were
included in the collagen gels. 100 EMT6 or 4THM tumor cells were seeded into the
liquid culture overlying the collagen gels, with tumor cells enumerated at 2.5, 5 and 7
d post culture initiation by hemocytometer counting. Tumor cells in collagen gels were
enumerated by limiting dilution culture of cells released following collagenase digestion
of the gel. Data are pooled from 3 independent studies, each using 6 cultures per group,
with 2 cultures harvested at each time point. *P <0.05 compared with all groups with
BMMSCs in collagen gel (Mann-Whitney U-test).
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(or 4THM cells) seen in cultures with BMMSCs derived from WT/CD200KO or
CD200RKO mice, despite the difference in metastasis by these tumors seen in
vivo in such mice. This implies that stromal cell elements alone do not account
for the differences seen in vivo [16,19]. 4THM cells grew ~2X faster than EMT6
cells in liquid cultures regardless of BMMSCs in the gel (panels C/D in Figure 1).

By inclusion in the gel matrix of DLN cells derived from tumor-bearer
immunized mice there were now different invasion characteristics of EMT6
and 4THM in vitro, somewhat analogous to those seen in vivo (Figure 2). Thus
when DLN cells from CD200RKO mice were used in collagen gels, a significant
attenuation of invasion of EMT6 cells was seen, consistent with data in vivo
and preliminary reports in vitro (Figure 2A) [7,22]. In this situation an enhanced
inflammatory response is predicted in the absence of CD200:CD200R
signaling, thus leading to inhibition of tumor invasion. By contrast, these same
conditions actually enhanced invasion of 4THM cells, again consistent with
previous in vivo data (Figure 2B) [7,22]. Regardless of the tumor cell studied
(EMT6/4THM), or the DLN cells used, there was no noticeable effect on cells
grown in the liquid culture phase (Figures 2C and 2D).

Importance of IL-6, IL-17 and TGF g, but not TNFc, to tumor
invasion in vitro

Both IL-6 and IL-17 (but not TNFor were reported to regulate metastasis/
invasion of EMT6 cells in vivo [19]. In Lonza cultures in Figure 2, anti-6 and
anti-IL-17 antibodies augmented tumor invasion while anti-TNFo had no
observable effect [7,22]. Importantly, in the presence of non T depleted (but not
T depleted) DLN cells from CD200RKO mice the augmented tumor invasion
of EMT6 in vitro by recombinant IL-6/IL-17 was abolished, suggesting the
existence of undocumented factor (s) which were further modulating tumor
invasiveness [7]. To investigate whether TGFR was one such factor was
explored as follows.

First we analyzed culture medium from both the gel matrix and liquid
culture phase in typical to those shown in Figure 2 for TNFo, IL-6, IL-17 and
TGFp using commercial ELISA kits. All cultures also included tumor-immune
DLN cells from the mice shown, thus mimicking conditions in vivo. Panel A
of Figure 3 shoes data using serum from WT or tumor-immunized mice as
controls. No cytokines were detected above the level of sensitivity (5 pg/ml)
for any sample assayed from the liquid culture phase, and these data are not
shown to retain clarity.

Increased (~2.5 fold) TNFo, IL-6, IL-17 and TGFp levels were seen in
serum of 4THM tumor immune mice compared with EMT6 tumor immune
mice, with levels in control mice < 25 pg/ml for all cytokines (Figures 3A and
3B). Detectable cytokine levels were seen in collagen gels for both EMT6 and
4THM cultures when DLN cells from both CD200KO and CD200R1KO mice
were added, compared with those cultures without DLN- this supports their
potential importance, at least in part, in the increased tumor invasion seen
in Figure 2A/B. However, it must be acknowledged that to date the source of
cytokines, whether stromal cells (see (7)) or DLN cells, remains unexplored.
Importantly, in EMT6 cultures, despite the increased levels of both IL-6
and IL-17 levels in cultures containing DLN in Figure 3A, tumor invasion
into collagen gels was decreased (Figure 2A). This may reflect an effect of
another functional activity, dependent upon DLN cells, which can attenuate
the augmented invasion caused by IL- 6/IL-17. Furthermore, we have already
argued that both in vivolin vitro, TNFor does not seem to affect tumor invasion,
and we speculated that TGF@ produced by tumor-immune DLN cells may be
one of the undocumented contributors to the effects observed.

Anti-TGFp antibody modifies immune DLN cell modulation
of IL-6/IL-17 increased tumor invasion.

To assess whether TGFR levels were independently and differentially
affecting invasion of EMT6 and 4THM we initiated cultures as described
for Figure 2 with immune DLN from CD200RKO mice, with further addition
of recombinant IL-6/IL-17 (150 pg/ml) to both collagen gel and liquid phase
cultures [7]. In addition, anti-TGFR antibody (final concentration 10 pg/ml) was
included in the gel matrix (see Materials and Methods). Data in Figure 4 are
results pooled from two studies of this type.
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Importantly, while again IL-6/IL-17 augmented invasion of EMT® in Figure
4A, an effect attenuated by addition of immune DLN from CD200RKO mice
in Figure 4A, addition of anti- TGFB antibody relieved this suppression of
invasion of EMT6 in cultures containing immune DLN cells from CD200RKO
mice (Figure 4B vs. Figure 4A). Inmune DLN cells from 4THM immune mice
did not attenuate invasion of 4THM cells in the presence of IL-6/IL-17 (Figure
4C-trend towards enhanced invasion). Addition of anti-TGFR did not further
affect invasion in the presence of immune DLN and IL-6/IL-17 (Figure 4D).

Ability of TGFp alone to modulate effect of IL-6+IL-17 in-
creased tumor invasion

Data above show that immune CD4* DLN cells from CD200RKO mice (but
not T depleted CD4* DLN cells) attenuated a presumed IL-6/IL-17 enhanced
invasion of EMT6 butnot 4THM cells in vitro, and that this effect of immune
DLN cells on invasion of EMT6 was reversed by anti-TGFR (Figure 4B).
As additional evidence that TGFR was a prominent mediator in the effect
observed using immune DLN cells, we performed studies in which tumor
invasion was measured using exogenous IL-6/IL-17 added to the gel layer,
with additional recombinant TGFR added in other groups. These data, shown
in Figure 5, confirm the observations described in Figure 4, and show that
indeed exogenous TGFB (known also to be produced from immune DLN of
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Figure 2. Comparison of tumor cells detectable in collagen gel phase (Panels A/B) or
liquid phase (Panels C/D) of cultures with 4 x 105 BMMSCs and 7 x 105 DLN cells from
the mice indicated added to the collagen gels. 100 EMT6 or 4THM tumor cells were
seeded into the liquid culture overlying the collagen gels, with tumor cells in the liquid/
gel phase enumerated as in Figure 1. Data are pooled from 2 independent studies;
each using 6 cultures were used per group, with 2 harvested at each time point. *P
<0.05 compared with group using stroma/DLN cells from WT mice in collagen gel (Mann-
Whitney U-test).
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both EMT6 and 4THM immune mice-see Figure 3B), attenuated increased
invasion of EMT6 tumor cells, but not 4THM tumor cells, in vitro. A trend to
increased invasion of 4THM in the presence of additional TGFR (see also
effect of anti-TGFR with 4THM cells in Figure 4) was seen.

Discussion

TGFR is a multifunctional cytokine implicated in many cellular processes
in both developing and adult organisms [23]. Its signaling role TGF in cancer
is quite complex, with evidence for both early suppression (by inhibition of cell
growth and apoptosis) and later enhancement of tumor formation [24]. Tumor
promotion likely reflects the outcome of at least two different mechanisms. The
one occurring through promotion of epithelial mesenchymaltransition (EMT),
leads to enhanced migration, invasion, infiltration, and extravasation of the
tumor cells, while atleast one of the others reflects action of a paracrine signaling
pathway whereby TGFB in the TME activates cancer-associated fibroblasts
(CAF), promotes angiogenesis and may even inhibit anti-tumor immune
responses causing promotion of tumor metastasis [25,26]. Such effects may
help explain the recent evidence for a role for tissue resident macrophages in
promotion of metastatic spread of ovarian cancer cells, and their adoption of a
cancer stem cell phenotype [27]. TGF3 modulates activation/differentiation of
multiple cell targets, including fibroblasts, mesenchymal stem cells, epithelial
tumor cells, adipose tissue-derived stem cells, and endothelial cells and can
also promote angiogenesis and migration in the TME, and modulate acquired
immunity. Thus TGF g inhibits T cell activation, proliferation, differentiation, and
migration of (CD8) effector T cells (inhibition of IFNo and IL-2, and enhanced
expression of PD-1), and both inhibits the differentiation of CD4+ T cells
into various effector subtypes, and also promotes development of regulatory
(immunosuppressive) CD4+ T cells [28-32]. Using a gene screening technique
to assess correlation between gene expression frequencies and prognosis
in human head and neck squamous cell carcinoma, CCR4 and CCR8
(chemokine receptor genes) and P2RY14 (involved in the G-protein pathway
and regulation of the immune stem cell compartment) were identified as key
genes importantin the promotion of development of a TME which could stimulate
anti-tumor immunity and inhibit tumor growth and invasion [33].

We have reported on an important role for inflammatory cytokines (IL-6/
IL-17) on tumor growth and metastasis in immunogenic (EMT6) and non-
immunogenic (4THM) mouse breast cancer lines in vivo and in a novel 3D
culture cell model [7,17,19,22]. These studies are consistent with clinical reports
showing an effect of IL-6/IL-17 on human tumor growth/metastasis [13,34-36].
Interactions between endogenous CD200:CD200R in the TME, an interaction
thought to affect inflammatory and other immune pathways (20-22), are also
important in regulation of growth and metastasis in these breast cancer models,
though much remains to be understood concerning the mechanisms for these
effects. The importance of understanding CD200:CD200R interactions in tumor
growth control was emphasized by recent data showing that in 3D cultures,
addition of exogenous IL-6 and IL-17 could enhance tumor invasion of both
EMT6 and 4THM, while studies in which DLN cells from CD200RKO tumor
immune mice were added to these cultures (Figures 2-4) highlighted a role for
other factors which are implicated in regulation of growth/invasiveness of these
two tumor lines [17,19,22].

Exploration of expression of prominent cytokines in tumor bearing and
tumor-immunized mice which might affect tumor growth confirmed, as expected,
an increased presence of IL-6 and IL-17 (Figure 3). While TNFor expression
was similarly enhanced, we have been unable to modulate tumor invasion in
vitro or growth in vivo by targeting TNFo [7]. Following growth of both tumors
in vivo we also recorded enhanced expression of TGFB in DLN (Figure 3).
There are intriguing other research data showing the complexity of interactions
which can modulate tumor cell growth/invasion-thus cancer cell escape from
TGFp-induced cell suppression can be modified by targeting another site of
immunotherapy, namely simultaneous use of checkpoint inhibitors, such as
PD-1/PD-L1 antibodies. The anti-tumor effect of the combination of PD-L1
antibody and TGF-p antibody is reported to be greater than that seen with
single-drug treatment [37,38]. Data in Figures 4 and 5 support the hypothesis
that TGFB may be a crucial factor implicated in the enhanced EMT6 tumor
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invasion seen in the presence of IL-6/IL-17, which is attenuated by inmune DLN
(Figures 3 and 4). Thus addition of anti-TGFR reduced the suppression by
immune DLN cells of invasion of EMT6 induced by IL-6/IL-17. Furthermore,
addition of recombinant TGF itself decreased invasion of EMT6 induced by
IL-6/Il-17 (Figure 5). Note that for the highly inflammatory tumor 4THM, anti-
TGFB and recombinant TGFB had, if anything, the opposite effects (Figures
4D and 5B). There was a trend to augmented tumor invasion induced by TGFg,
and towards attenuation of invasion in the presence of anti-TGF @, which we
suggest is most with a primary effect of TGF in this tumor on enhanced EMT
and invasion [26,39]. This, in turn, is further consistent with our in vivo data
indicating that attenuation of an inflammatory responseby the CD200:CD200R
axis played no major role in control of growth/metastasis by 4THM, unlike
EMTS.

Given that in the studies of Figure 5 no DLN cells were present in the
cultures, the effect of TGFR observed on either tumor must presumably be a
direct one (on tumor cells themselves) orindirectly through the TME afforded by
BMSCs. This in turn mightimply activation of different TGF 3 signaling pathways
within the two different tumor cells, or that in combination with TME- associated
factors, TGF 3 results in activation of different pathways affecting tumor invasion
-this we have attempted to portray in the schematic model in Figure 6). In the
scenario shown in Figure 4, where immune cells from DLN were present, the
differential effect of anti-TGFB on invasion by the two tumors may be in part
also explained by the role of TGF in altering multiple other pathways known
to regulate tumor growth/invasion. As an example, it is known that 4THM tumor
bearing mice have an increased number of myeloid-derived suppressor type
cells, with enhanced splenomegaly and myelopoiesis present in mice, which
can modulate tumor growth [17,40-42]. In comparison, in EMT6 tumor bearing

Growth of EMT6 in gel phase of 3D-cultures with added

Enhanced growth of EMT6 in gel phase of 3D-cultures with
IL-6/IL-17 and CD200RKO DLN from EMTG immune mice e

added IL-6/IL-17 and CD200RKO DLN from EMT6 immun
mice after addition of anti-TGFp
~+- WT stromal cells +IL-6/IL-17+DLN+anti-TGF}
-¥- WT stromal cells+IL-6/IL-17+DLN
o~ WT stromal cells+IL-6/IL-17%

~+- WT stromal cells =
— No stromal cells / |

¥~ WT stromal cells+IL-6/IL-17+DLN
-6~ W1 stromal celis+IL-6/IL-17 1, + 4B

- WT stiomal cells / -
-~ No stromal cells A

4A

g
8

8

Tumor cells in collagen gel
3

Tumor cells in collagen gel

10

3 - I3
Days post initiation of tumor culture 40

e o I
Days post initiation of tumor culture

No decreased growth of 4THM in gel phase of 3D-cultures with
added IL-6/IL-17 and DLN from CD2000RKO tumor immune mice
following further addition of anti-TGFp

4D —— WT stromal cells+DLN+IL-6/IL-17+anti-TGFp.
WT stromal+DLN celisL-6/L-17
WT stromal cells+L-6/L-17

- WT stromal cells «
10000~ No'stromal or DLN cells 7%“*

/

© ° o
Days post initiation of tumor culture

Growth of 4THM in gel phase of 3D-cultures with added IL-6/1L-17
ac and DLN from CD2000RKO tumor immune mice

- WT stromak+DLN cells+L-6/IL-17
WT stromal cells+IL-6/1L-17 T

- WT stromal cells
10000 NostomalorDiNcels B+

8

\
\

Tumor cells in callagen gel
Tumor cells in collagen gel

K3 ° o
Days post initiation of tumor culture

Figure 4. Comparison of EMT6 (4A/4B) or 4THM (4C/4D) tumor cells detectable in
collagen gel phase of cultures including 4 x 10° BMMSCs. 150pg/ml recombinant IL-6 or
IL-17, and in Figures 4BJ4D anti-TGF antibody also, was added in both the collagen gel
and liquid phase of cultures to the groups shown. Remainder of set-up as for Figures1-3.
*P <0.05 compared with group with bone marrow stromal cells only (no cytokines) in
collagen gel (Mann-Whitney U-test). ** P <0.05 compared with equivalent group without
anti-TGFB.

Attenuation of growth of EMT6 in gel phase of No
5A containing IL-6/L-17 following addition of TGFp 5g

growth of 4THM in gel phase of 3D-cultures with
added IL-6/IL-17 and further addition of TGFp

¥~ WT stromal cells+IL-6/IL-17+TGF}

-©- WT stromal cells+IL-6/IL-17 o *

-+- WT stromal cells
1000~ No stromal cells

¥ WT stromal+DLN cells+IL-8/IL-17+TGFf
6~ WT stromal cells+L-6/L-17
-+ WT stromal cells

10000 NostromalorDLNcells ~-R&*

1000

Tumor cells in collagen gel

Tumor cells in collagen gel

Days ';f:sl initialionﬁof tumor caﬁure o B K3
Days post initiation of tumor culture
Figure 5. Effect of recombinant TGFR (75pg/ml) added to gel and liquid phase of
EMT6 (5A) or 4THM (5B) tumor cell cultures containing 4 x 10° BMMSCs and 150pg/
ml recombinant IL-6 or IL-17 on migration of tumor cells into the gel phase of culture.
Remainder of set-up as in Figures1-4.*P < 0.05 compared with other groups without
cytokines (Mann-Whitney U-test); **P < 0.05 compared with equivalent group without
TGFb.



Gorczynski RM J Cancer Sci Ther, Volume 14:4, 2022

Primary Breast Tumor Growth! Site of tumor invasion/metastasis C o nf I i ct of I n t e re st

actors

EMT mediated increased enhancing EMT

invasion/metastasis \IT mediated increased

The author declares that there are no conflicts of interest.

References

1. Bussard, Karen M., Lysette Mutkus, Kristina Stumpf and Gomez-Manzano,
i et al. "Tumor-associated stromal cells as key contributors to the tumor
EMT mediated i reased enhanci microenvironment." Breast Cancer Res 18 (2016): 1-11.

invasion/metasfasis

2. Martins, Diana and Fernando Schmitt. "Microenvironment in breast tumorigenesis:
Friend or foe?" Histol Histopathol 34 (2018): 13-24.

3. Wang, Maonan, Jingzhou Zhao, Lishen Zhang and Yu Lian, et al. "Role of tumor
microenvironment in tumorigenesis." J Cancer 8 (2017): 761.

IL-6, 1 17.med..iated

S 4. Lei, Xu, Yu Lei, Jin-Ke Li and Ru-Gui Li, et al. "Immune cells within the tumor
microenvironment: biological functions and roles in cancer inmunotherapy." Cancer

Figure 6
L 470 (2020): 126-133.

Figure 6. Schematic to help understand the differential effect of DLNs, MDSCs,
CD4*Tregs, IL-6, IL-17 and TGF on tumor invasion of EMT6 or 4THM tumors into 5. Da Cunha, Bianca Rodrigues, Célia Domingos, Ana Carolina and Tiago Henrique
the TME from a primary source. Note that EMT and both IL-6/IL-17 lead to enhanced et al. "Cellular interactions in the tumor microenvironment: the role of secretome." J
tumor invasion for both EMT6 and 4THM tumors. However, differences are apparent in Cancer 10 (2019): 4574.

the effect of TGFR, which for EMT6 may act on infiltrating CD4*T cells resulting in their 6.
antagonism of IL-6/IL-17 mediated invasion, while for THM TGFR may promote further
production of IL-6/IL-17 from MDSCs, or may stimulate (from MDSCs) other factors

Meng, Jialin, Xiaofan Lu, Yujie Zhou and Meng Zhang, et al. "Tumor immune
microenvironment-based classifications of bladder cancer for enhancing the
response rate of immunotherapy." Mole Thera Oncol 20 (2021): 410-421.

enhancing EMT.

7. Gorczynski, Reginald M., Nuray Erin, Tahir Magbool and Christopher P, et al.
mice there is better evidence for a role for CD25Tregs in enhanced tumor "Characterization of an in vitro model system to explore control of tumor invasion of
growth [6,20,41,42]. TGFg signaling is known to play a role in both MDSC EMT6 and 4THM breast tumors by CD200: CD200R interactions." Breas Cancer 25

and Treg development/function, consistent with the schematic model in Figure (2018): 547-559.

6 [40-43]. However, as a further confounding issue to these interpretations, it 8. Majety, Meher, Leon P. Pradel and Manuela Gies. "Fibroblasts influence survival and

should be noted that no studies have been performed to explore the effect of therapeutic response in a 3D co-culture model." PloS One 10 (2015): €0127948.
titration of the various cytokines (and antibodies) in the cultures described. ¢ godek; Katharine L, Theodore J Brown and Maurice J Ringuette. "Collagen | but
Thus more detailed exploration of the mechanism(s) involved in the model not Matrigel matrices provide an MMP-dependent barrier to ovarian cancer cell
system explored awaits more investigation. penetration." BMC Cancer 8 (2008): 1-11.

. 10. Magdeldin, Tarig, Victor Lépez Davila, Cecile Villemant and Grant Cameron, et al.
conCI usion "The efficacy of cetuximab in a tissue-engineered three-dimensional in vitro model
of colorectal cancer." J Tissue Eng 5 (2014): 2041731414544183.

invasL,:\?g]n%esznin”t,w‘gt;r?ozzztggatsc; ce::tl:zrriufr?l(c;)tgsthzssgﬁl-?rtr?r(rjluvrrggelr?iirz?';el\i 1. Zhao, Pan, Yafang Chen and Zhijie Yue. "Bone marrow mesenchymal stem cells
. . ! 2 regulate stemness of multiple myeloma cell lines via BTK signaling pathway." Leuke

tumor, and the more immunogenic EMT6 tumor, the data shown indicate that Res 57 (2017): 20-26.

the inflammatory cytokines IL-6 and IL-17 enhance invasiveness of tumors into o ] ) o o

a TME containing BMSCs. For EMT tumors, this enhancement is attenuated 12 NéSh'ka"}’ta' t!""oy‘:?h" Yuka Maedla,t Tak?s'“ fls_h|da a"t‘:] Sachaf G"Jzt"ﬁ i‘ alli

by EMT6 primed DLN cells, or by recombinant TGF@. In contrast, immune ‘Cancerftestis antigens are novel targets of immunotherapy for adult T-ce

DLN cells or TGFB had no effect on attenuating invasiveness of 4THM. It leukemiaflymphoma.” Blo J Am Soci Hematol 119 (2012): 3097-3104.

is hypothesized that these differences may reflect a difference in previously =~ 13. Meurette, Olivier and Patrick Mehlen. "Notch signaling in the tumor

reported MDSCs and/or CD4*Tregs in these two models, and/or an intrinsic microenvironment." Cancer Cell 34 (2018): 536-548.

difference in TGF signaling or EMT in the tumors themselves. 14. Nagaoka, Koji, Masataka Shirai, Kiyomi Taniguchi and Changbo Sun, et al. "Deep
immunophenotyping at the single-cell level identifies a combination of anti-IL-17
and checkpoint blockade as an effective treatment in a preclinical model of data-

ACkn OWIed g e ments guided personalized immunotherapy." J Immun Cancer 8 (2020).

15. Dougan, Michael and Stephanie K. Dougan. "Targeting immunotherapy to the tumor

The author thanks Chris Gorczynski (Accessifly) for assistance with data mictoenvironment." J Cel Bioche 118 (2017): 3049-3054.

analysis.
16. Podnos, Anna, David A. Clark and Nuray Erin. "Further evidence for a role of

H H tumor CD200 expression in breast cancer metastasis: decreased metastasis in
AUthor contrl butl ons CD200R1KO mice or using CD200-silenced EMT6." Breast Cancer Res Treat 136
(2012): 117-127.

The author is responsible for all aspects of the article.
17. Erin, Nuray, Gamze Tanriéver, Anna Curry and Muhlis Akman, et al. "CD200fc
enhances anti-tumoral immune response and inhibits visceral metastasis of breast

Availabil |ty of Data and Materials carcinoma." Oncotarget 9 (2018): 19147.
. o . L. 18. Gorczynski, Reginald M,. Zhigi Chen, Jun Diao and Kai Yu et al. "Breast cancer cell
All data supporting the findings are reported in the enclosed. Individuals CD200 expression regulates immune response to EMT6 tumor cells in mice." Breas

requesting access to original data can write the corresponding author. Cancer Res Treat 123 (2010): 405-415.
- 19. Gorczynski, Reginald M, Nuray Erin and Fang Zhu. "Serum-derived exosomes from
Fu nd in g mice with highly metastatic breast cancer transfer increased metastatic capacity to
a poorly metastatic tumor." Cancer Med 5 (2016): 325-336.

No external sources of funding were used for the study reported. 20. Gorczynski, Reginald M., Zhigi Chen and Ismat Khatri. "Cure of metastatic

Page 5 of 6


https://link.springer.com/article/10.1186/s13058-016-0740-2
https://link.springer.com/article/10.1186/s13058-016-0740-2
https://europepmc.org/article/med/29978449
https://europepmc.org/article/med/29978449
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5381164/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5381164/
https://www.sciencedirect.com/science/article/abs/pii/S0304383519305646
https://www.sciencedirect.com/science/article/abs/pii/S0304383519305646
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6746126/
https://www.sciencedirect.com/science/article/pii/S2372770521000176
https://www.sciencedirect.com/science/article/pii/S2372770521000176
https://www.sciencedirect.com/science/article/pii/S2372770521000176
https://link.springer.com/article/10.1007/s12282-018-0851-y
https://link.springer.com/article/10.1007/s12282-018-0851-y
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0127948
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0127948
https://link.springer.com/article/10.1186/1471-2407-8-223
https://link.springer.com/article/10.1186/1471-2407-8-223
https://link.springer.com/article/10.1186/1471-2407-8-223
https://journals.sagepub.com/doi/full/10.1177/2041731414544183
https://journals.sagepub.com/doi/full/10.1177/2041731414544183
https://www.sciencedirect.com/science/article/abs/pii/S0145212617300577
https://www.sciencedirect.com/science/article/abs/pii/S0145212617300577
https://ashpublications.org/blood/article/119/13/3097/29655/Cancer-testis-antigens-are-novel-targets-of
https://ashpublications.org/blood/article/119/13/3097/29655/Cancer-testis-antigens-are-novel-targets-of
https://www.sciencedirect.com/science/article/pii/S1535610818303155
https://www.sciencedirect.com/science/article/pii/S1535610818303155
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7583806/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7583806/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7583806/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7583806/
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcb.26005
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcb.26005
https://link.springer.com/article/10.1007/s10549-012-2258-3
https://link.springer.com/article/10.1007/s10549-012-2258-3
https://link.springer.com/article/10.1007/s10549-012-2258-3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5922384/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5922384/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5922384/
https://link.springer.com/article/10.1007/s10549-009-0667-8
https://link.springer.com/article/10.1007/s10549-009-0667-8
https://onlinelibrary.wiley.com/doi/full/10.1002/cam4.575
https://onlinelibrary.wiley.com/doi/full/10.1002/cam4.575
https://onlinelibrary.wiley.com/doi/full/10.1002/cam4.575
https://link.springer.com/article/10.1007/s10549-013-2735-3

Gorczynski RM

J Cancer Sci Ther, Volume 14:4, 2022

21.

22.

23.

24.

25.

26.

21.

28.

29.

30.

3L

32.

growth of EMT6 tumor cells in mice following manipulation of CD200: CD200R
signaling." Breast Cancer Res Treat 142 (2013): 271-282.

Gorczynski, Reginald M., Zhigi Chen and Jun Diao, et al. "Breast cancer cell CD200
expression regulates immune response to EMT6 tumor cells in mice." Breas Cancer
Res Treat 123 (2010): 405-415.

Gorczynski, Reginald M., Zhigi Chen and Nuray Erin. "Comparison of immunity
in mice cured of primary/metastatic growth of EMT6 or 4THM breast cancer by
chemotherapy or immunotherapy." PloS One 9 (2014): €113597.

Stover, Daniel G., Brian Bierie and Harold L. Moses. "A delicate balance: TGF-f
and the tumor microenvironment." J Cell Biochem 101 (2007): 851-861.

Batlle, Eduard and Joan Massagué. "Transforming growth factorXsignaling in
immunity and cancer." Immun 50 (2019): 924-940.

Zhu, Haiyan, Xiang Gu, Lu Xia and Hakim Bouamar, et al. "A novel TGFRrap blocks
chemotherapeutics-induced TGFR signaling and enhances their anticancer activity
in gynecologic cancers." Clin Cancer Res 24 (2018): 2780-2793.

Fu, Hua, Zhongliang Hu and Jifang Wen. "TGF-} promotes invasion and metastasis
of gastric cancer cells by increasing fascinl expression via ERK and JNK signal
pathways." Acta Bioc Bioph Sin 41 (2009): 648-656.

Etzerodt, Anders, Morgane Moulin, Thomas Koed Doktor and Marc Bajenoff, et al.
"Tissue-resident macrophages in omentum promote metastatic spread of ovarian
cancer." J Exp Med 217 (2020).

Takaku, Shun, Masaki Terabe, Elena Ambrosino and Judy Peng, et al. "Blockade
of TGF-B enhances tumor vaccine efficacy mediated by CD8+ T cells." Int J
Cancer 126 (2010): 1666-1674.

Quatromoni, Jon G., Eiji Suzuki, Olugbenga Okusanya and Ollin Venegas, et al.
"The timing of TGF-B inhibition affects the generation of antigen-specific CD8+ T
Cells." BMC Immunol 14 (2013): 1-16.

Travis, Mark A. and Dean Sheppard. "TGF-B activation and function in
immunity." Annu Revi Immunol 32 (2014): 51-82.

Flavell, Richard A., Shomyseh Sanjabi and Stephen H. "The polarization of inmune
cells in the tumour environment by TGF." Nat Rev Immun 10 (2010): 554-567.

Yang, Li, Yanli Pang and Harold L. Moses. "TGF-$ and immune cells: An important

Page 6 of 6

33.

34.

35.

36.

3r1.

38.

39.

40.

41.

42.

43.

regulatory axis in the tumor microenvironment and progression." Trends Immun 31
(2010): 220-227.

Meng, Liangliang, Xiaoxi He, Quan Hong and Bo Qiao, et al. "CCR4, CCRS, and
P2RY14 as Prognostic Factors in Head and Neck Squamous Cell Carcinoma Are
Involved in the Remodeling of the Tumor Microenvironment." Front Oncol 11 (2021):
60.

Johnson, Daniel E., Rachel A O'Keefe and Jennifer R. Grandis. "Targeting the IL-6/
JAK/STATS3 signalling axis in cancer." Nat Rev Clin Oncol 15 (2018): 234-248.

Wu, Xiongyan, Pan Tao, Quan Zhou and Zhenjia Yu, et al. "IL-6 secreted by cancer-
associated fibroblasts promotes epithelial-mesenchymal transition and metastasis
of gastric cancer via JAK2/STAT3 signaling pathway." Oncotarget 8 (2017): 20741.

Chen, Yusheng, Zhou Yang and Dejun Wu. "Upregulation of interleukin-17F in
colorectal cancer promotes tumor invasion by inducing epithelial-mesenchymal
transition." Onco Rep 42 (2019): 1141-1148.

Bai, Xianguang, Ming Yi and Ying Jiao. "Blocking TGF-§ signaling to enhance the
efficacy of immune checkpoint inhibitor." Onco Tar Therap 12 (2019): 9527.

Sheng, Wangiang, Yi Liu and Damayanti Chakraborty. "Simultaneous Inhibition of
LSD1 and TGF( Enables Eradication of Poorly Immunogenic Tumors with Anti—
PD-1 Treatment." Cancer Disc 11 (2021): 1970-1981.

Katsuno, Yoko, Samy Lamouille and Rik Derynck. "TGF- signaling and epithelial-
mesenchymal transition in cancer progression." Curr Opin Onco 25 (2013): 76-84.

Marvel, Douglas, Dmitry | and Gabrilovich. "Myeloid-derived suppressor cells in the
tumor microenvironment: expect the unexpected." The J Clin Investi 125 (2015):
3356-3364.

Gonzalez Junca, Alba Kyla, E Driscoll and llenia Pellicciotta, et al. "Autocrine
TGFp is a survival factor for monocytes and drives immunosuppressive lineage
commitment." Cancer Immun Res 7 (2019): 306-320.

Erin, Nuray, Gamze Tanniéver, Anna Curry and Reg Gorczynski, et al. "CD200fc
enhances anti-tumoral immune response and inhibits visceral metastasis of breast
carcinoma." Oncotarget 9 (2018): 19147.

Polanczyk, Magdalena J., Edwin Walker, Daniel Haley and Bella S, et al. "Blockade
of TGF-B signaling to enhance the antitumor response is accompanied by
dysregulation of the functional activity of CD4+ CD25+ Foxp3+ and CD4+ CD25-
Foxp3+ T cells." J Trans Med 17 (2019): 1-12.

How to cite this article: Gorczynski, Reginald M. “Interaction of Immune Cells
and Soluble Factors which contribute to Local and Metastatic Tumor Control
within the Tumor Microenvironment.” J Cancer Sci Ther 14 (2022): 524.



https://link.springer.com/article/10.1007/s10549-013-2735-3
https://link.springer.com/article/10.1007/s10549-013-2735-3
https://link.springer.com/article/10.1007/s10549-009-0667-8
https://link.springer.com/article/10.1007/s10549-009-0667-8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4237434/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4237434/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4237434/
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcb.21149
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcb.21149
https://www.sciencedirect.com/science/article/pii/S1074761319301414
https://www.sciencedirect.com/science/article/pii/S1074761319301414
https://aacrjournals.org/clincancerres/article/24/12/2780/81018/A-Novel-TGF-Trap-Blocks-Chemotherapeutics-Induced
https://aacrjournals.org/clincancerres/article/24/12/2780/81018/A-Novel-TGF-Trap-Blocks-Chemotherapeutics-Induced
https://aacrjournals.org/clincancerres/article/24/12/2780/81018/A-Novel-TGF-Trap-Blocks-Chemotherapeutics-Induced
https://academic.oup.com/abbs/article/41/8/648/711?login=true
https://academic.oup.com/abbs/article/41/8/648/711?login=true
https://academic.oup.com/abbs/article/41/8/648/711?login=true
https://rupress.org/jem/article/217/4/e20191869/133611/Tissue-resident-macrophages-in-omentum-promote?searchresult=1&searchresult=1&utm_source=TrendMD&utm_medium=cpc&utm_campaign=JEM_TrendMD-1
https://rupress.org/jem/article/217/4/e20191869/133611/Tissue-resident-macrophages-in-omentum-promote?searchresult=1&searchresult=1&utm_source=TrendMD&utm_medium=cpc&utm_campaign=JEM_TrendMD-1
https://onlinelibrary.wiley.com/doi/full/10.1002/ijc.24961
https://onlinelibrary.wiley.com/doi/full/10.1002/ijc.24961
https://bmcimmunol.biomedcentral.com/articles/10.1186/1471-2172-14-30
https://bmcimmunol.biomedcentral.com/articles/10.1186/1471-2172-14-30
https://www.annualreviews.org/doi/abs/10.1146/annurev-immunol-032713-120257
https://www.annualreviews.org/doi/abs/10.1146/annurev-immunol-032713-120257
https://www.nature.com/articles/nri2808
https://www.nature.com/articles/nri2808
https://www.sciencedirect.com/science/article/abs/pii/S1471490610000530
https://www.sciencedirect.com/science/article/abs/pii/S1471490610000530
https://www.frontiersin.org/articles/10.3389/fonc.2021.618187/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.618187/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.618187/full
https://www.nature.com/articles/nrclinonc.2018.8
https://www.nature.com/articles/nrclinonc.2018.8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5400541/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5400541/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5400541/
https://www.spandidos-publications.com/or/42/3/1141
https://www.spandidos-publications.com/or/42/3/1141
https://www.spandidos-publications.com/or/42/3/1141
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6857659/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6857659/
https://aacrjournals.org/cancerdiscovery/article-abstract/11/8/1970/666204/Simultaneous-Inhibition-of-LSD1-and-TGF-Enables?redirectedFrom=fulltext
https://aacrjournals.org/cancerdiscovery/article-abstract/11/8/1970/666204/Simultaneous-Inhibition-of-LSD1-and-TGF-Enables?redirectedFrom=fulltext
https://aacrjournals.org/cancerdiscovery/article-abstract/11/8/1970/666204/Simultaneous-Inhibition-of-LSD1-and-TGF-Enables?redirectedFrom=fulltext
https://journals.lww.com/co-oncology/fulltext/2013/01000/TGF___signaling_and_epithelial_mesenchymal.14.aspx
https://journals.lww.com/co-oncology/fulltext/2013/01000/TGF___signaling_and_epithelial_mesenchymal.14.aspx
https://www.jci.org/articles/view/80005
https://www.jci.org/articles/view/80005
https://aacrjournals.org/cancerimmunolres/article/7/2/306/469476/Autocrine-TGF-Is-a-Survival-Factor-for-Monocytes
https://aacrjournals.org/cancerimmunolres/article/7/2/306/469476/Autocrine-TGF-Is-a-Survival-Factor-for-Monocytes
https://aacrjournals.org/cancerimmunolres/article/7/2/306/469476/Autocrine-TGF-Is-a-Survival-Factor-for-Monocytes
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5922384/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5922384/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5922384/
https://link.springer.com/article/10.1186/s12967-019-1967-3;
https://link.springer.com/article/10.1186/s12967-019-1967-3;
https://link.springer.com/article/10.1186/s12967-019-1967-3;
https://link.springer.com/article/10.1186/s12967-019-1967-3;

