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Effect of combinational arginase and canavanine treatment
on normal human peripheral blood lymphocytes in vitro
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ABSTRACT

Recombinant human arginase (rhARG)-based therapy to restrict arginine availability for malignant cells is a promising strategy to
treat some cancers, including those of hematological origin. In the present study, we evaluated the action of combined rhARG
treatment with canavanine (Cav) on proliferative potential and functional state of human peripheral blood lymphocytes (PBL) in
vitro. We demonstrated that Cav in 0.1 mM concentration alone had no significant effect on proliferation and functional activity of
normal activated PBL. Combined rhARG and Cav treatment inhibited proliferation and slightly promoted apoptosis in activated
PBL but did not affect resting cells. However, the action of both drugs affected the ability of T cells for antigen activation. These
results are important for further translational research on arginine-deprivation therapy.
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INTRODUCTION

Cytotoxicity of anticancer drugs toward normal cells is
one of the most serious problems of chemotherapy, leading
to side effects such as immunosupression, anemia, blood
clotting and others [3]. Therefore, the immunotoxico-
logical evaluation of novel therapeutic agents is a critical
component in the development of new therapies.

L-arginine plays a central role in regulating several
biological systems, including the immune response, and is
essential for normal T lymphocytes proliferation and
function [1]. Some authors showed that activated primary
T cells cultured in the medium deprived of arginine were
arrested in the GO—G1 phase of the cell cycle, exhibited
decreased proliferation, low expression of T-cell receptor
CD3 £ chain and impaired production of cytokines, but
did not induce apoptosis [11, 12]. On the other hand, abro-
gated proliferation and induction of apoptosis was shown
for Jurkat leukemic cells cultured in the absence of
L-arginine. [2].

Pharmacological deprivation of arginine with the re-
combinant arginine-degrading enzymes, arginine deiminase
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or thARG, is a new strategy to treat some cancers, which
is currently under clinical trials [17, 20]. Another drug —
Cav, a toxic arginine analogue of plant origin, is a promis-
ing candidate for augmenting the antineoplastic effects of
arginine starvation [18].

L-Cav, a non-protein amino acid, is produced by a vari-
ety of leguminous plants and replaces arginine when
incorporated into newly synthesized proteins in prolifera-
tively active cells, resulting in the formation of aberrant,
non-functional proteins [13, 19]. The cytotoxic effect of
Cav has been shown in tumor cells both in vitro and in
vivo [15, 16], as a single agent [9] or in combination with
chemotherapeutic drugs or radiotherapy [7, 14].

In this study, we addressed the hypothesis that, under
arginine deprivation, Cav cytotoxic concentrations should
be profoundly lower for cancer cells but not normal im-
mune cells, and analyzed the effect of combined rhARG
treatment with Cav on viability and functional activity of
normal human PBL.

MATERIALS AND METHODS

Chemicals. RPMI-1640 cell culture medium, fetal bo-
vine serum (FBS), Histopaque 1077, gentamycin, gluta-
mine, phytohemagglutinin (PHA), L-canavanine sulphate,
trypan blue, 3-(4,5-Dimethylthiazol-2-yl)-2,5diphenylte-
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trazolium bromide (MTT) and fluorescent dyes — 4°,6-
diamidino-2-phenyindole dilactate (DAPI), Annexin
V-FITC, propidium iodide were obtained from Sigma-
Aldrich (USA). Recombinant interleukin-2 (rIL-2) was
purchased from Millipore Corporation (USA). thARG
with concentration 2 U/mL used for arginine deprivation
was constructed and purified in ICB of NAS of Ukraine.
Griess reagent and other remaining chemicals were pro-
duced by Synbias (Ukraine).

Separation and cultivation of blood cells. PBL were
isolated from heparinized whole blood of healthy donors
and separated by density Histopaque 1077 according to
instruction. Mononuclear cells were maintained in
RPMI-1640 medium supplemented with 10% FBS, 300
mg/L glutamine and 50 pg/mL gentamycin in a hu-
midified 5% CO; incubator at 37°C. Proliferation of T
lymphocytes was induced by incubation of PBL for 4 days
with 0.5 pg/mL PHA and 20 U/ml rIL-2 in culture me-
dium. Resting PBL were cultured in the presence of 20
U/mL rIL-2 only. Resting and proliferatively active PBL
were treated with 2 U/mL purified thARG and/or Cav.
The number of viable cells was counted with trypan blue
dye solution in hemocytometer. Concentration- and
time-dependent Cav cytotoxicity was determined using
the standard MTT assay.

Measurement of NO production. The amount of NO
released by activated PBL was estimated by measuring
the accumulation of the terminal metabolite of NO, nitrite
(NOy), in the culture medium by using the Griess method
as previously described [8].

Light and fluorescent microscopy. Cell morphology
and chromatin structure of resting and activated PBL were
visualized in differential interference contrast (DIC) mi-
croscopy with DAPI (1 pg/mL) fluorescence dye staining
and light microscopy with Romanowsky-Giemsa staining.
Apoptosis detection was performed using the Annexin
V/PI fluorochromes by fluorescent microscopy as descri-
bed above [5].

Statistical analysis. All experiments were repeated at
least three times. Levels of significant differences between
groups were determined by the Student’s t-test. P values
less then 0.05 were considered statistically significant.

RESULTS AND DISCUSSION

In this study, two experimental models of normal hu-
man lymphocytes, the mitogen PHA-activated and
primary isolated resting cells, were used. We examined
proliferative potential and viability of immune cells under
arginine deprivation alone or in combination with Cav.
For this purpose, cells were incubated in cell culture me-
dium supplemented with thARG in concentration of 2.0
U/mL and a number of viable cells was counted by the try-
pan blue dye exclusion assay. As shown in Fig.1 A,
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rhARG significantly inhibited proliferation of PHA-acti-
vated PBL but did not drastically decrease cell viability
(p<0.05). Also, arginine restriction by rhARG had no ef-
fect on normal resting PBL viability (Fig. 1 B). We
further utilized plant arginine analogue — Cav at concen-
tration of 0.1 mmol/L, alone or in combination with
rhARG, and evaluated its cytotoxic activity to PBL. We
previously reported that this concentration of Cav was cy-
totoxic for several types of cancer cells under arginine-
deprived conditions, but not in an arginine-sufficient me-
dium [18]. In this work, we showed that this concentration
of Cav in arginine-rich medium had no significant effect
on proliferatively active normal cells and slightly sup-
pressed PHA-stimulated proliferation of PBL (p<0.05).
As shown in Fig. 1 A, incubation of PHA-activated PBL
with Cav in the presence of thARG caused a decrease in
cell viability. However, there was no statistically
significant difference observed in the amount of viable
cells in resting PBL (Fig. 1 B) under combined treatment
(p<0.05). Therefore, normal resting PBL were more resis-
tant to combined drugs action.
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Fig. 1. Effect of combined rhARG and Cav treatment on viability
of PHA-activated (A) and resting PBL (B) cultivated in control
complete medium (Control), medium with 0.1 mM canavanine
(Cav), medium with rhARG, 2U/mL (rhARG), and medium with
rhARG and 0.1 mM canavanine (rhARG+Cav). Cell numbers
were determined by the trypan blue exclusion test for 24,48,72 h.
* p<0.05 as compared with the untreated cells.

We next examined in details the Cav inhibitory con-
centration (the concentration that causes death of 50% of
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cells, IC50) for resting and proliferatively active cells
upon different culture conditions. There were no differ-
ences observed (p<0.05) between the viability of the cells
in the presence of Cav at concentrations up to 0.1 mM for
PHA-activated PBL and up to 1 mM for resting cells dur-
ing 72 hours of the treatment. Cav was cytotoxic for
proliferatively active normal lymphocytes at the concen-
tration range from 1 to 10 mM, and above 10 mM for
resting cells. The appropriate Cav IC50 values for PBL
are provided in Table 1. We also observed that Cav IC50
data for PHA-activated PBL did not differ drastically be-
tween complete medium and medium with thARG. The
1C50 values were 10, 7.0+1.2 and 4.5+0.74 mM at 24, 48,
and 72 h in arginine-rich medium and 10, 6.3+1.1 and
1.1+£0.3 mM in the medium supplemented with rhARG,
respectively. As shown in Table 1, Cav-mediated cytotox-
icity was significantly lower for the resting PBL.
Accordingly, IC50 values were significantly higher: more
than 20 mM in arginine-containing medium and 17+1.4
mM under arginine deprivation at 72 h. Apparently, Cav
in low concentrations (below 100 uM) is non-toxic for the
tested immune cells.

Table 1. The cytotoxicity of Cav toward PHA-activated and
resting PBL. The inhibitory concentration of 50% (IC50, mM)
values were measured by MTT assay after 24, 48 and 72 h of the
treatment

Cell types Time, hours (F;?:jmﬁe wxlf?—hu/-{EG
24 10 10
Activated 48 7.0£1.2 6.3%1.1
72 4.5£0.7 1.1+0.4
24 20 20
Eesting 48 20 19+1.6
72 20 17+1.4

We also analysed lymphocyte morphology following
different treatment regimens by Romanowsky-Giemsa
and DAPI fluorescence dye staining (Fig. 2. A, B). Visible
apoptosis signs were observed under thARG alone or with
Cav treatment for PHA-activated PBL: karyolysis (the
changes in the nucleus) and membrane blebbing (typical
of ischemic cell death). Evident morphological changes
for resting PBL in similar conditions were not detected.
These findings positively correlated with viability of
PHA-activated and resting PBL under combined treat-
ment (Fig. 1).
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Fig. 2. Effect of the combined rhARG and Cav treatment (48 h) on morphology of PHA-activated and resting PBL stained with DAPI
fluorescence dye (A, x 600) or Romanovsky-Giemsa (B, x 1500). Merged images of DAPI fluorescence were obtained using a DIC

microscopy with fluorescence.
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Next, we analyzed the phosphatidylserine externaliza-
tion with Annexin V-FITC and propidium iodide double
staining of experimental models of PBL (Fig. 3). We ob-
served no significant changes in the number of apoptotic
cells upon combined 72 h-long treatment with thARG and
Cav relative to rhARG treatment alone in resting cells (p
0.05). As shown in Fig. 3, minimal signs of apoptosis in
PHA-activated cells were observed after 72 h of culture
with thARG alone (17 %). Compared to control values,
the percentage of apoptotic cells increased under both
rhARG and Cav treatment (25 %). These results suggest
that Cav at 0.1 mM range concentration upon thARG
treatment induced only slight progression of apoptosis in
PHA-activated PBL. In resting PBL, only spontaneous
apoptosis was detected.
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Fig. 3. Effect of the combined rhARG and Cav treatment (72h) on
progression of apoptosis of PHA-activated and resting PBL. Cells
were stained with Annexin V and propidium iodide and analyzed
in fluorescent microscopy as described in Materials and
Methods, * p<0.05 as compared with untreated cells.

The capability for antigen stimulation after different
periods of arginine starvation combined with 0.1 mM Cav
treatment was assayed by the reaction of blast-transfor-
mation of lymphocytes (RBTL). Cav alone in arginine-
rich medium had no pronounced effect on functional ac-
tivity of PBL under stimulation by PHA in RBTL (Fig 4).
We showed that PBL lost reaction to mitogen stimulation
in the absence of arginine in vitro culture medium. Com-
bined action of thARG with Cav was more immunotoxic
than rhARG alone, blocking the proliferation of PBL after
stimulation by PHA in RBTL (Fig.4).

We next evaluated the effect of the combined rhARG
and Cav treatment on nitrite production, as nitric oxide
production is necessary for normal cooperation of differ-
ent immune cells [4]. As shown in Fig. 5, PBL cultured in
RPMI medium with PHA and rIL-2 in the presence of
rhARG were partially affected in nitrite production rela-
tive to control cells. Co-culturing with Cav slightly
elevated nitrite production in both control and thARG-
supplemented medium. Interestingly, both stimulatory
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and inhibitory effect of Cav on PHA-activated PBL for
healthy individuals was demonstrated [6, 10].
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Fig. 4. Effect of combined rthARG and Cav treatment on
functional activity of normal human PBL after exposure to
rhARG alone or in combination with 0.1 mM Cav in reaction of
blast transformation of lymphocytes (RBTL). After the indicated
periods of treatment, the medium was changed to complete
arginine-rich with PHA and rIL-2 and cells were allowed to grow
for additional 96 h. Viable blast cell numbers were determined by
the trypan blue exclusion test. * p<0.05 compared with untreated
cells.
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Fig. 5. Time-course nitrite (NO,) production in PHA-stimulated
PBL. Control medium; Cav - canavanine 0.1 mM; rhARG -
arginase 2 U/mL; rhARG+Cav - arginase 2 U/mL with 0.1 mM
canavanine

CONCLUSIONS

In this paper we describe for the first time the effect of
the combined rhARG and Cav treatment on the viability
and functional activity of normal human lymphocytes.
We demonstrated that Cav alone has no significant effect
on proliferation and functional activity of normal PBL.
However, combined rhARG and Cav treatment supressed
proliferation of PHA-activated PBL and slightly induced
progression of apoptosis in these cells. Normal resting
PBL were much more resistant to both drugs’ action. We
observed that arginine deprivation and 0.1 mM Cav treat-
ment affected the ability to antigen activation and nitrite
production in the tested immune cells. These results will
be important to consider in the design of further animal
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studies of the combined anticancer treatments based on
arginine deprivation.
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