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Challenge in cancer therapy with VAP-1 inhibition strategy:
possible interference of this type of intervention within protection

from autoimmunity: Hypothesis
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ABSTRACT

Vascular adhesion protein-1 (VAP-1) is an endothelial cell surface-expressed
oxidase involved in leukocyte traffic. The adhesive function, and therefore
leukocyte infiltration to different tissues, can be blocked by anti-VAP-1
antibodies as well as small molecule VAP-1 inhibitors. Several papers have
been published on the effect of VAP-1 blockade on both leukocyte accumu-
lation into tumors and neoangiogenesis. Additionally, myeloid derived
suppressor cells (MDSCs) have been identified as immunosuppressive cells
associated with tumor expansion. Moreover, some of them (such as CD11b"
myeloid cells) appear to be intrinsically suppressive and may have a key role
in maintaining immune homeostasis and protection from autoimmunity. Since
VAP-1 supports leukocyte emigration (including MDSCs) to normal tissues
and sites of inflammation like tumor tissue, its inhibition has been suggested
as potential cancer immunotherapy intervention. Moreover, since these types
of suppressive cells use VAP-1 mediated strategy for their adhe- sion and
infiltration, it is hypothesized that VAP-1 inhibition may lead to partial loss
of suppressive function on immune system and therefore induce the
development of autoimmune diseases like relapsing-remitting (experime-
ntal) autoimmune encephalomyelitis.
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Introduction

Immune responses directed against pathogens and
self-modified antigens (Ags) occur following the
initial step of specific Ag recognition and the transm-
ission of activating signals mediated by the pre-T cell
receptor (TCR) complex 1. Leukocyte trafficking
from blood to tissues is not only a prerequisite for
mounting normal immune responses against microbes
but also needed for immunosurveillance against mal-
ignantly transformed cells *!. Also, various subsets of
hemopoietic cells and/or derived factors are involved
in these immunoregulatory processes to prevent
autoimmunity = .

Myeloid derived suppressor cells (MDSCs), which
show heterogeneous phenotypes including immature
granulocytes, monocytes/macrophages (Mg), dend-
ritic cells (DCs) and early myeloid progenitors, have
been originally identified as immunosuppressive cells
in association with tumor expansion . These cells
have been reported to express CD11b (integrin aM
subunit) and GR-1 (a myeloid differentiation antigen
with known Ly6G and Ly6C components) in mouse
models ' In tumor microenvironment, MDSCs
inhibit T cell activation via arginase (ARG)-1 and
nitric oxidase activation, resulting in tumor growth
"1 Adversely, MDSCs play a critical role in other
conditions such as immunoregulatory processes to
prevent autoimmunity disorders !"*'*. According to
Slaney et al "), the loss of suppressive function by
blood CD11b" Ly6G cells following induction of
experimental autoimmune encephalomyelitis (EAE)
provides evidence to suggest that these cells may
have a part in maintaining immune tolerance and
protection from autoimmunity.

Normally, leukocytes leave the blood using a
multistep extravasations cascade involving many
activation and adhesion molecules both on the
leukocyte surface and on the endothelial lining ™.
Endothelial adhesion molecules are needed for
leukocyte extravasations into normal tissues as well
as into tumors . Among them, a cell surface
expressed amine oxidase vascular adhesion protein-1
(VAP-1) supports leukocyte emigration into the sites
of inflammation ?". VAP-1 is expressed in normal
tissues in the vein endothelial cells in the pericytes
and smooth muscle cells, and also in adipocytes **
31 In these cells, it is mainly present in intracellular
vesicles, which then translocate the molecule onto the
luminal surface upon certain inflammatory stimuli
4 Leukocyte migration into tumors can have two

opposite outcomes in tumor progression M. Ex-
travasation of cytotoxic leukocytes, such as CD8" T
cells and NK cells, can lead to enhanced antitumor
immune responses, which may limit tumor growth .
Infiltration of the immune-suppressing leukocyte
types, such as regulatory T cells or type 2 macro-
phages, into the malignancy leads to defective
immune responses. In fact, tumor cells themselves
actively secrete molecules that lead to the recruitment
of these immune-suppressing leukocyte types and are
able to use misguided leukocyte traffic as one way of
tumor escape from the immune system > **. Leuko-
cytes normally use a multistep adhesion cascade to
enter tissues. Several endothelial adhesion molecules
engaging their cognate leukocyte ligands play an
important role in this process. Among them, VAP-1
supports recruitment of Gr-1" CD11b" myeloid cells
into tumors *!. It has been reported > **! that both
anti-VAP-1 antibodies and VAP-1 inhibitors reduce
the number of leukocytes in the tumors, but they
target partially different leukocyte subpopulations.
Anti-VAP-1 mAbs also selectively inhibited
infiltration of CD8" lymphocytes into tumors and had
no effect on accumulation of other leukocytes into
tumors. In contrast, the VAP-1 inhibitors have been
shown to significantly reduce only the number of pr-
oangiogenic and immune-suppressive Gr-1" CD11b"
myeloid cells in melanomas and lymphomas, but its
blocking had no effect on the number of other
immune regulatory cells such as regulatory T cells
and type 2 immune-suppressing monocytes/macroph-
ages in the tumor (23] However, VAP-1 inhibitors, but
not anti-VAP-1 mAbs, retarded the growth of
melanomas and lymphomas and reduced tumor
neoangiogenesis. The VAP-1 inhibitors also reduced
the binding of Gr-1" myeloid cells to the tumor
vasculature >, Furthermore, Tumor progression was
reported to be retarded in VAP-1-deficient mice .
Application of anti-VAP-1 mAbs is not restricted to
cancer. It has been revealed that a half-year long
treatment with anti-VAP-1 mAbs targeting the VAP-
I-positive microvessels in the pancreatic islets of
NOD mice significantly decrease the incidence of
diabetes without any adverse effects *”). Intere-
stingly, VAP-1 plays a very dominant role in
migration of Th2-type, but not in that of Thl-type,
lymphocytes to inflamed liver **!,

Use of small-molecule inhibitors to block VAP-1
might offer a new way to inhibit trafficking of Gr-1"
CD11b" myeloid cells and inhibit tumor neoan-
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giogenesis and tumor growth. This may be clinically
relevant, because VAP-1 gene amplification has been
found in gastric cancer patients and human tumor
vasculature also expresses VAP-1 at least in the two
cancer types (hepato- cellular carcinoma and head
and neck carcinomas). Moreover, a soluble form of
VAP-1 in serum may serve as a predictive marker in
cancer because increased soluble VAP-1 levels were
found in colorectal patients, and soluble VAP-1
proved to be an independent marker for predicting
metastatic disease. > **! Overall, the catalytic activity
of VAP-1 is employed to recruit myeloid cells into
tumor and to support its progression so that some
researchers (*>?*' and references therein) suggest that
small-molecule VAP-1 inhibitors can prevent angio-
genesis through a unique mechanism targeting
immune cell trafficking, they alone, or in combin-
ation with therapies targeting vascular growth factors,
might be useful for boosting antiangiogenic therapies.

Hypothesis

Some MDSCs (such as Gr-1" CD11b" myeloid cells)
exhibit T-cell suppressor function and may have a
key role in maintaining immune homeostasis and
protection from autoimmunity. It is noteworthy that
several types of regulatory T (T.) cells are the main
controllers of excessive immune responses to foreign
antigens. Proposed mechanisms to explain supper-
ssive activity of the involved cells include the
generation of inhibitory cytokines, induction of death
in the effector cells by cytokine deprivation or
cytolysis, local metabolic perturbation of target cells
and finally inhibition of dendritic cell functions.
According to previous reports, regulatory cells (if
they can migrate to involved tissue) may suppress
local immunity and accelerate tumor expansion. But,
as mentioned above, blocking of VAP-1 had no effect
on the number of regulatory T cells in the tumor !,
Additionally, VAP-1 inhibitors reduce binding of Gr-
1'CD11b" mononuclear cells (not Ty, cells) to tumor
vasculature and only affect infiltration and number of
these types of proangiogenic myloid cells in specific
tumors (melanomas and lymphomas). So, it appears
that tumors use the catalytic activity of VAP-1 to
recruit some proangiogenic myeloid cells into tumors
to support their progression. On the other hand,

several studies have proposed that some autoimmune
diseases are caused by impairment of the suppressive
mechanisms involved in immunoregulation (see ref.
19 and references therein). Since (a) VAP-1
inhibitors have been recently proposed as potential
new tools for cancer therapy; (b) CD11b" suppressive
cells use VAP-1 mediated strategy for their adhesion
and infiltration; (c) some CD11b" cells are believed
to have a negative regulatory role in the development
of autoimmune diseases; (d) it has been previously
suggested that suppression of T-cell proliferation by
some blood CD11b" cells requires cell contact (cell-
cell interaction), ' it is hypothesized that VAP-1
inhibition may interfere to infiltration of CDI11b"
cells (required for maintaining immune homeostasis
in CNS) and lead to partial loss of suppressive
function on immune system and therefore induce the
development of autoimmune diseases like relapsing-
remitting (experimental) autoimmune encephalomy-
elitis. Additionally, although the pathophysiological
basis of multiple sclerosis (MS, as an autoimmune
encephalomyelitis), is not entirely understood,
several studies suggest that abnormalities both in the
population of Gr-1"CD11b" suppressor cells and/or in
the function of regulatory T-cells (occurred probably
under the effect of the other suppressor cells, see ref.
19) may be the main contributing factors. Although
MDSCs-mediated self-regulatory mechanism is
disadvantageous in chronic diseases as well as in
therapeutic settings based on repeated vaccinations, it
could potentially be advantageous in controlling
overshooting immune reactions as in autoimmune
diseases (15 and references therein). In summary,
Since VAP-1 mediates MDSCs recruitment in both
tumor progression and protection from auto-
immunity, there is the possibility that VAP-1
inhibition play a causative role in triggering onset of
some autoimmune diseases, especially, in susceptible
individuals administered by long-term VAP-targeted
therapeutics (see scheme 1).
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Scheme 1. Proposed schematic representation of cell migration through VAP-1 and its inhibition using small molecule inhibitors. (Left):
Tumor cells produce some products that can cause to the accumulation of regulatory T cells into the site of tumor and lead to immune
suppression locally. So, the tumor expands. (Right): Some specific leukocytes (such as CD11b+ myeloid cells), which use VAP-1 mediated
strategy for their adhesion and infiltration, appear to be intrinsically suppressive and may have a key role in the protection from
autoimmunity. Thus, it is hypothesized that VAP-1 inhibition may lead to the induction of autoimmunity.

References

[1] Valitutti S, Muller S, Salio M, Lanzavecchia A.
Degradation of T cell receptor (TCR)-CD3-zeta complexes
after antigenic stimulation. J. Exp. Med. 1997;185:1859—
1864.

[2] D'Oro U, Vacchio M.S, Weissman A.M, Ashwell J.D.
Activation of the Lck tyrosine kinase targets cell surface T
cell antigen receptors for lysosomal degradation.
Immunity. 1997;7:619-628.

[3] Bronstein-Sitton N, Wang L, Cohen L, Baniyash M.
Expression of the T cell antigen receptor zeta chain
following activation is controlled at distinct checkpoints.
Implications for cell surface receptor down-modulation
and re-expression. J. Biol. Chem. 1999;274:23659-23665.
[4] Ley K, Laudanna C, Cybulsky M.I, Nourshargh S.
Getting to the site of inflammation: the leukocyte adhesion
cascade updated. Nat. Rev. Immunol. 2007;7:678—-689.

[5] Shevach E.M, DiPaolo R.A, Andersson J, Zhao D.M,
Stephens G.L, Thornton A.M. The lifestyle of naturally
occurring CD4+ CD25+ Foxp3+ regulatory T cells.
Immunol. Rev. 2006;212:60-73.

[6] Sakaguchi S, Ono M, Setoguchi R, Yagi H, Hori S,
Fehervari Z, Shimizu J, Takahashi T, Nomura T. Foxp3+
CD25+ CD4+ natural regulatory T cells in dominant self-

tolerance and autoimmune disease. Immuno. Rev.
2006;212:8-27.

[7] Serafini P, Borrello I, Bronte V. Myeloid suppressor
cells in cancer: recruitment, phenotype, properties, and
mechanisms of immune suppression. Semin. Cancer Biol.
2006;16:53-65.

[8] Liu Q, Zhang A, Xu W, Dong J. A new view of the
roles of blood flow dynamics and Kupffer cell in intra-
hepatic metastasis of hepatocellular carcinoma. Med.
Hypotheses. 2011;77:87-90.

[9] Talmadge J.E, Donkor M, Scholar E. Inflammatory cell
infiltration of tumors: Jekyll or Hyde. Cancer Metastasis
Rev. 2007;26:373-400.

[10] Marigo I, Dolcetti L, Serafini P, Zanovello P, Bronte
V. Tumor-induced tolerance and immune suppression by
myeloid derived suppressor cells. Immunol. Rev.
2008;222:162-179.

[11] Rodriguez P.C, Ochoa A.C. Arginine regulation by
myeloid derived suppressor cells and tolerance in cancer:
mechanisms and therapeutic perspectives. Immunol. Rev.
2008;222:180-191.

[12] Daley J.M, Thomay A.A, Connolly M.D, Reichner
J.S, Albina J.E. Use of Ly6G-specific monoclonal

Copyright © 2012 by Kermanshah University of Medical Sciences

JRPS, 2012, 1(2), 127-131|130



Challenge in cancer therapy with ...

antibody to deplete neutrophils in mice. J. Leukoc. Biol.
2008;83:64-70.

[13] Ding G, Wang W, Liu Y, Zhang C, Wang S.
Mesenchymal stem cell transplantation: a potential therapy
for oral lichen planus. Med. Hypotheses. 2011;76:322—
324.

[14] Makarenkova V.P, Bansal V, Matta B.M, Perez L.A,
Ochoa J.B. CD11b+/Gr-1+ myeloid suppressor cells cause
T cell dysfunction after traumatic stress. J. Immunol.
2006;176:2085-2094.

[15] Marhaba R, Vitacolonna M, Hildebrand D, Baniyash
M, Freyschmidt-Paul P, Zoller M. The importance of
myeloid-derived suppressor cells in the regulation of
autoimmune effector cells by a chronic contact eczema. J.
Immunol. 2007;179:5071-5081.

[16] Zhu B, Bando Y, Xiao S, Yang K, Anderson A.C,
Kuchroo V.K, Khoury S.J. CD11b+Ly-6C(hi) suppressive
monocytes in experimental autoimmune
encephalomyelitis. J. Immunol. 2007;179:5228-5237.

[17] Haile L.A, von Wasielewski R, Gamrekelashvili J,
Kruger C, Bachmann O, Westendorf A.M, Buer J, Liblau
R, Manns M.P, Korangy F, Greten T.F. Myeloid-derived
suppressor cells in inflammatory bowel disease: a new
immunoregulatory pathway. Gastroenterology.
2008;135:871-88]1.

[18] Iwata Y, Furuichi K, Kitagawa K, Hara A, Okumura
T, Kokubo S, Shimizu K, Sakai N, Sagara A, Kurokawa Y,
Ueha S, Matsushima K, Kaneko S, Wada T. Involvement
of CD11b+ GR-1 low cells in autoimmune disorder in
MRL-Fas lpr mouse. Clin. Exp. Nephrol. 2010;14:411—
417.

[19] Slaney C.Y, Toker A, La Flamme A, Backstrom B.T,
Harper J.L. Naive blood monocytes suppress T-cell
function. A possible mechanism for protection from
autoimmunity. Immunol. Cell Biol. 2011;89:7—13.

[20] Balkwill F. Cancer and the chemokine network. Nat.
Rev. Cancer. 2004;4:540-550.

[21] Salmi M, Jalkanen S. VAP-1: an adhesin and an
enzyme. Trends Immunol. 2001;22:211-216.

[22] Salmi M, Kalimo K, Jalkanen S. Induction and
function of wvascular adhesion protein-1 at sites of
inflammation. J. Exp. Med. 1993;178:2255-2260.

[23] Salmi M, Jalkanen S. A 90-kilodalton endothelial cell
molecule mediating lymphocyte binding in humans.
Science. 257;1992:1407-1409.

[24] Jaakkola K, Nikula T, Holopainen R, Vahasilta T,
Matikainen M.T, Laukkanen M.L, Huupponen R, Halkola
L, Nieminen L, Hiltunen J, Parviainen S, Clark M.R,
Knuuti J, Savunen T, Kaapa P, Voipio-Pulkki L.M,
Jalkanen S. In vivo detection of vascular adhesion protein-

1 in experimental inflammation. Am. J. Pathol
2000;157:463-471.

[25] Marttila-Ichihara F, Auvinen K, Elima K, Jalkanen S,
Salmi M. Vascular adhesion protein-1 enhances tumor
growth by supporting recruitment of Gr-1+CD11b+

myeloid cells into tumors. Cancer Res. 2009;69:7875—
7883.

[26] F Marttila-Ichihara, K Castermans, K Auvinen, M.G
Oude Egbrink, Jalkanen S, Griffioen A.W, Salmi M.
Small-molecule inhibitors of vascular adhesion protein-1
reduce the accumulation of myeloid cells into tumors and
attenuate tumor growth in mice. J. Immunol.
2010;184:3164-3173.

[27] Merinen M, Irjala H, Salmi M, Jaakkola I, Hanninen
A, Jalkanen S. Vascular adhesion protein-1 is involved in
both acute and chronic inflammation in the mouse. Am. J.
Pathol. 2005;166:793-800.

[28] Bonder C.S, Norman M.U, Swain M.G, Zbytnuik
L.D, Yamanouchi J, Santamaria P, Ajuebor M, Salmi M,
Jalkanen S, Kubes P. Rules of recruitment for Th1 and Th2
lymphocytes in inflamed liver: a role for alpha-4 integrin
and vascular adhesion protein-1. Immunity. 2005;23:153—
163.

Copyright © 2012 by Kermanshah University of Medical Sciences

JRPS, 2012, 1(2),127-131|131



