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Tumor cells can maintain their growth via immunosuppression and escape from host anti-
tumor immunity by controlling the PD-1/PD-L1 system. Expression of PD-L1 (CD274) is
an inhibitory signal for T cells, while the increase in CD326 expression in the tumor tissue
correlates with metastasis development. The experimental preparation on the basis of a(1,2)-
L-rhamno-a(1,4)-D-galactopyranosyluronan from Acorus calamus L. produces an antitumor
effect: it reduces tumor node size and the number and area of metastases after transplantation
of Lewis lung carcinoma. Using flow cytometry, we demonstrated a decrease in the population
of tumor cells expressing surface CD274 (PD-L1) and CD326 antigens after 20-day course
of a(1,2)-L-rhamno-a(1,4)-D-galactopyranosyluronan.
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The development of modern drug requires deep under-
standing of the fundamental molecular pathogenetic
mechanisms of various diseases. The strategy aimed
at reduction of the number of immunosuppressive cells
in the tumor and normalization of antitumor immunity
is promising for the therapy of tumors. It is known
that tumor cells and microenvironment express CD274
(PD-L1) and CD326 (EpCAM) stronger than other tis-
sues. Hyperexpression of PD-L1 (CD274) in the tumor
correlates with metastasis development in the lymph
nodes and is considered as one of the mechanisms of
immunological tolerance. EpCAM is involved in cell
signaling, migration, proliferation, and differentiation.
High EpCAM expression in the tumor is an indicator

'Laboratory of Oncopharmacology, E. D. Goldberg Research Insti-
tute of Pharmacology and Regenerative Medicine, Tomsk National
Research Medical Center; Department of Pharmaceutical Analysis,
Centre for Introduction of Technologies, Siberian State Medical
University, Ministry of Health of the Russian Federation; *Labora-
tory of Molecular Oncology and Immunology, Research Institute of
Oncology, Tomsk National Research Medical Center; ‘Laboratory of
Phytochemistry of Siberian Botanical Garden of National Research
Tomsk State University, Tomsk, Russia. Address for correspon-
dence: klopatina@pharmso.ru. K. A. Lopatina

of aggressiveness and high metastatic potential [9-11].
Some PD-L1 inhibitors are approved for the use in
clinical practice [5] and detection and evaluation of
CD326 expression in various tumors is the basis for
the development of diagnostic criteria and predictions
of tumor progression [11].

To date, preclinical testing of an injection form of
a preparation on the basis of a(1,2)-L-rhamno-o(1,4)-
D-galactopyranosyluronan from Acorus calamus L.
is completed; this preparation increased the efficien-
cy of chemotherapy. Experiments demonstrated that
this drug produced an indirect antitumor effect due
to lymph node cell activation. In addition, the poly-
saccharides of sweet flag rootstocks suppressed the
development of the Th2-dependent response and in
parallel stimulated Th1 reactions [1,7].

The aim of this study was the search for possible
molecular targets of the immunomodulatory effect of
sweet flag polysaccharides under conditions of tumor
growth: analysis of the effect of a(1,2)-L-rhamno-
a(1,4)-D-galactopyranosyluronan from Acorus cala-
mus L. on Lewis lung carcinoma (LLC) cell popula-
tion expressing surface CD274 (PD-L1) and CD326
antigens in C57Bl/6 mice.
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MATERIALS AND METHODS

The experimental batch of formulation of a(1,2)-L-
rhamno-a(1,4)-D-galactopyranosyluronan from the
sweet flag rootstock (4corus calamus L.) represented
a 1% sterile isotonic solution for injections (herein-
after, the preparation) manufactured in the Center for
Introduction of Technologies of National Research
Tomsk State University (series 011212 for preclini-
cal research). Isolation and standardization of a(1,2)-
L-rhamno-a(1,4)-D-galactopyranosyluronan from the
sweet flag rootstock was carried out using dynamic
extraction, ethanol precipitation, ion exchange chro-
matography, filtration through semipermeable mem-
brane, freeze drying, chromato-mass-spectrometry and
MR spectroscopy [7].

The study was carried out on mature 2-3-month-
old female C57Bl/6 mice (n=34) weighing 19-26 g
(conventional 1st category animals; certificate of the
Research Centre for Biomedical Technologies No.
188-05). The mice were kept according to regulations
adopted by the European Convention for Protection of
Vertebrates used for Experiments and Other Scientific
Purposes (Strasbourg, 1986). Design of the experi-
ments was approved by the Ethical Committee of E.
D. Goldberg Research Institute of Pharmacology and
Regenerative Medicine.

Transplantation of solid LLC was carried out using
tumor tissue homogenate in sterile physiological solu-
tion. Donor animals were sacrificed by cervical dislo-
cation, tumor specimens without necrotic arecas were
excised, squeezed through a shredder press, and injected
to mice intramuscularly into the left hind paw (5x10°
tumor cells in 0.1 ml; counted under a microscope).

The drug was administered daily in a dose of 50
mg/kg starting from day 2 of tumor development for
20 days. The dosage and drug administration route
were selected in accordance with previous data dem-
onstrating preparation efficacy in the dose range of
20-50 mg/kg and equivalence of intravenous and in-
traperitoneal administration for mice [1,4]. The control
group received physiological saline in an equivalent
volume according to the same scheme. On day 11,
cytofluorometry was performed. The number and area
of metastases in the lungs of animals were determined
on days 11 and 21. On days 11, 14, 16, 18 and 21, the
tumor node was measured.

Effectiveness criteria for the antitumor effect of
the drug were following: tumor volume was calculated
by the formula:

(axb?)/2,
where a and b are tumor node length and width. The

percent of tumor growth inhibition (TGI) was calcu-
lated by the formula:

103

(V,-V,)x100/V ,

where V and V, are tumor volume in the control and
experiment, respectively [6].

On day 11 of tumor development, the mice were
sacrificed, the tumor capsule was sterilely opened,
tumor specimens free from necrotic tissue were ex-
cised, mechanically minced, homogenized, and filtered
through 70-p nylon filters. The cells were washed with
Hanks solution (Sigma-Aldrich) and brought to a con-
centration of 10%/ml.

FITC anti-mouse CD326 (Ep-CAM) antibodies
and PE/Cy7 anti-mouse CD274 (B7-H1, PD-L1) anti-
bodies (BioLegend) were added to the prepared sam-
ples according to manufacturer’s protocol. A separate
cell suspension was prepared and treated with isotypic
FITC Rat IgG2a and PE/Cy7 Rat IgG2b antibodies
(BioLegend). The samples were incubated on ice in the
darkness for 15-20 min. Then, 2 ml Hanks solution was
added, the samples were centrifuged at 350g for 5 min,
and the supernatant was removed. The procedure was
repeated twice. After washing, the samples were resus-
pended in 1 ml BD FACSFlow Sheath Fluid (Becton
Dickinson). Analysis was carried out on a FACSCanto
II flow cytofluorimeter (Becton Dickinson).

For each parameter, the arithmetic mean and
standard errors of the mean were calculated. The dif-
ferences between the groups were verified using the
nonparametric Mann—Whitney U test. The differ-
ences were considered significant at p<0.05. This sig-
nificance test was selected due to small sample size
(number of animals in the groups was 5-12) and ex-
perimental design (independent groups). In addition,
small sample size limited the possibility of testing the
hypothesis on normal data distribution, therefore, we
used the nonparametric Mann—Whitney test for as-
sessment of the differences between the means of the
studied parameters between the groups [2,3].

RESULTS

On day 11 of LLC development, the tumor node reached
visible size and constituted ~1000.9 mm? in the control
group (Fig. 1). In the preparation-treated group, the
tumor volume was lower (800.6 mm?®). At this term,
number and area of metastases in the lungs were sig-
nificantly lower (by 2.8 and 8 times, respectively). By
day 14, TGI reached 25.1%, significant differences in
the primary tumor volume persisted on day 16 and 18
(13.9 and 14.8% TGI respectively; Fig. 1, Table 1).
At the end of the experiment (on day 21 of LLC
development), the tumor node volume significantly
decreased by 15.9% in comparison with the control.
At these terms, the number of metastases in the prep-
aration-treated group was significantly lower by 1.3
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Fig. 1. Tumor growth dynamics in mice with LLC after course treat-
ment with «(1,2)-L-rhamno-o(1,4)-D-galactopyranosyluronan from
Acorus calamus L. *p<0.05 in comparison with the control.

times, and the area of metastases was by 1.4 times
smaller than in the control (Table 1).

To elucidate possible mechanisms of these phe-
nomena, cell subpopulations of the tumor node were
analyzed. On day 12, the proportion of CD326" tumor
cells in control LLC samples was 8.3% (8300.0+514.8
of CD326" cells). In the preparation-treated animals,
this indicator was significantly lower — 7320.0+521.5
CD326" cells (Table 2).

PD-L1 (CD274) is expressed by tumor microen-
vironment cells, in particular by T and B cells, NK
cells, dendritic and endothelial cells and monocytes.
When PD-L1 binds to PD-1, T cells receive an in-
hibitory signal and their proliferation and cytokine
production decrease [8-10,12]. According to our data,
expression of the CD274 marker, tumor volume and
metastasis-specifying parameters in non-treated ani-
mals were higher than those in the drug-treated ani-
mals. In the control, the number of cells expressing
PD-L1 (CD274) in the tumor suspension was 28.5%.
In the drug-treated animals, the population of CD274"
cells was significantly smaller (by 1.4 times) than in
the control (Table 2).

Tumor growth decrease and inhibition of metas-
tasis growth in animals, treated with the sweet flag
polysaccharide were followed by a decrease in the
population of CD326°CD274" cells in comparison
with the control.

Thus, course administration of a(1,2)-L-rhamno-
a(1,4)-D-galactopyranosyluronan from Acorus cal-
amus L. in a dose of 50 mg/kg intraperitoneally
produced antitumor and antimetastatic effects start-
ing from day 11 after tumor transplantation, which
was accompanied by a decrease in the number of
CD326"%, CD274", and CD326'CD274" cells in the
tumor node.

TABLE 1. TGl and Metastasizing in C57BI/6 Mice with LLC Treated Intraperitoneally with o(1,2)-L-Rhamno-a(1,4)-D-

Galactopyranosyluronan from Acorus calamus L. (n=12; M+m)

Number of metastases per mouse Area of metastases, mm?
Day after tumor TGl
transplantation e
control preparation control preparation
11 20.0 7.6+2.3 2.7+1.3* 2.4%1.8 0.3+0.7*
14 251 — — — —
16 13.9
18 14.8
21 15.9 46.5+4.9 35.1+10.2* 124.4+21.3 90.2+13.3*
Note. *p<0.01 in comparison with the control, “—” not measured.

TABLE 2. Effect of a(1,2)-L-Rhamno-a(1,4)-D-Galactopyranosyluronan from Acorus calamus L. on Cell Subpopulations in

LLC Tumor Node in C57BI/6 Mice (n=5; M+m)

Group

Abs. cell number

CD326*

CD274+ CD326+*CD274+

8300.0+514.8
7320.0£521.5*

Control

Preparation

28520.0+1943.5
20540.0+1628.8*

4030.0£816.7
3396.0+£385.5*

Note. Total number of events in each sample was 100,000. *p<0.05 in comparison with the control.
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