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Expression of arginase I and inducible nitric oxide synthase in
the peripheral blood and lymph nodes of HIV-positive patients
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Abstract. Arginase I (ArgI) and inducible nitric oxide synthase
(iNOS) are important in regulating immune functions through
their metabolites. Previous studies have revealed that the
expression of Arg I is increased and the expression of iNOS is
reduced in the serum and peripheral blood mononuclear cells
of human immunodeficiency virus (HIV)-infected patients.
As one of the most important immune organs and HIV repli-
cation sites, whether similar changes are present in the lymph
nodes following HIV infection remains to be elucidated. To
investigate this, the present study collected lymph node and
blood specimens from 52 HIV-infected patients to measure
the expression levels of Arg I and iNOS by immunohisto-
chemistry and fluoresence-based flow cytometry. Compared
with control subjects without HIV infection, the patients with
HIV had significantly higher expression levels of Arg I in the
Iymph nodes and higher frequencies of Arg I* CD4* T cells
and CD8* T cells in the blood and lymph nodes, and these
results were contrary the those of iNOS in the corresponding
compartments. The expression levels of Arg I in the lymph
nodes and blood were negatively associated with peripheral
CD4* T cell count and positively associated with viral load.
However, the expression levels of iNOS in the lymph nodes and
blood were positively associated with peripheral CD4* T cell
count and negatively associated with viral load. These results
showed that alterations in the expression levels of Arg I and
iNOS in the peripheral T cells and peripheral nodes of HIV
infected patients are associated with disease progression in
these patients. These results indicate a potential to therapeutic
strategy for delaying disease progression through regulating
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and manipulating the expression levels of Arg I and iNOS in
patients infected with HIV.

Introduction

At present, the trends in human immunodeficiency virus (HIV)
infection remain at a high level worldwide (1). The treatment
of HIV/acquired immune deficiency syndrome (AIDS) has
been challenging, although highly active antiretroviral therapy
(HAART) has significantly reduced the number of new cases
of HIV infection and improved the prognosis of patients with
HIV/AIDS (2). During previous decades, there have been
significant advances in understanding the pathogenesis of
HIV/AIDS, however certain aspects remain to be elucidated,
including the functional changes in immune organs, for
example the lymph nodes, following HIV infection.

The damage caused by HIV infection is gradual and
multi-staged, and ends in AIDS (3). Chronic HIV infection
may progressively compromise immune functions. The loss of
peripheral CD4* T lymphocytes due to continuous and severe
injury has been a marker of AIDS progression and a major
cause of immune dysfunction in HIV/AIDS (4). However, HIV
infection-induced chronic inflammation and the reduction in
the number of CD4* T lymphocytes does not fully explain
the immune dysfunction, which occurs in the progression of
HIV/AIDS.

Previous studies have shown that the metabolism of
L-arginine is one of the important mechanisms underlying the
regulation of immune responses (5,6). L-arginine is a substrate
of arginase (Arg), including Arg I and II, and nitric oxide
synthase (NOS), including NOSI1, 2 and 3). Arg I and II hydro-
lyzes L-arginine into L-ornithine and urea, and L-ornithine
is further metabolized into polyamines, which are involved in
the proliferation and differentiation of cells (7). NOS catalyzes
the conversion of L-arginine into citrulline and nitric oxide
(NO), and NO is an important effector and regulator of the
immune system (8,9). Arg I is released from immune cells,
including polymorphonuclear neutrophils, during inflamma-
tion, and is also involved in the inflammatory response (10).
NOS2, or inducible NOS (iNOS) is expressed in a variety
of immune cells (11). Studies have reported that Arg I regu-
lates the bioavailability of L-arginine, which is involved in
certain immune-associated pathological processes, including
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inflammation-triggered immune dysfunction, immune evasion
of cancer cells, fibrosis, immunosuppression and immune
responses to infectious agents (5,11,12). As a competitor to Arg
I, iNOS hydrolyzes L-arginine into NO, which is important in
destroying parasites, bacteria, viruses and cancer cells, as well
as in vascular dilation (13-15).

Previous studies have revealed that the expression of Arg I
is increased (16,17) and the expression of iNOS is reduced (18)
in the serum and peripheral blood mononuclear cells (PBMCs)
of patients with HIV. However, the expression levels of Arg I
and iNOS in the peripheral lymph nodes (LNs) of HI V-infected
patients remains to be fully elucidated. In the present study,
the expression levels of Arg I and iNOS in peripheral LNs and
peripheral T cells were investigated, with the aim of elucidating
the roles of Arg I and iNOS in the progression of HIV/AIDS.

Materials and methods

Characteristics of subjects. A total of 52 patients (mean age,
40.73£11.99 years; range: 23-65 years; males, 43; females, 9;
male-to-female ratio, 4.78:1) with HIV infection and enlarged
peripheral LNs were recruited from the 302 Hospital of PLA
(Beijing, China) and the 4th People's Hospital of Nanning
(Nanning, China) between July 2009 and October 2014.
Informed consent was obtained prior to surgical resection of the
LNs, and the study was approved by the Ethics Committees of
the 302 Hospital of PLA (Beijing, China) and the 4th People's
Hospital of Nanning (Nanning, China). LNs were routinely
collected during surgery from the neck (n=27), armpit (n=20)
and groin (n=5), and were processed for further examination.
At the same time, 10 ml peripheral blood was collected from
the patient and control groups. HIV/AIDS was diagnosed
according to the Guidelines for the Use of Antiretroviral
Agents in HIV-1-infected Adults and Adolescents (USDHHS
2013) (19), and these patients were divided into an asymp-
tomatic group (n=19) and an AIDS group (n=33). In addition,
peripheral superficial biopsies of the LNs were collected from
the neck and armpit of 13 subjects without HIV infection,
recruited from the 302 Hospital of PLA, and were processed
for pathological examination by two experienced pathologists.
Exclusion criteria included the presence of cancer, infection
and autoimmune diseases, and the presence of reactive hyper-
plasia was confirmed in those subjects who then served as
controls. In addition, peripheral blood was collected from 20
healthy control subjects.

Absolute CD4* T cell count. The peripheral blood CD4*T-cell
counts were determined using the Multitest Imk Lymphocyte
kit (cat. no. 340503; BD Biosciences, San Jose, CA, USA) and
Trucount tubes (cat. no. 340504; BD Biosciences). 50 ul whole
blood was collected and incubated with 10 gl antibodies for
20 min at room temperature. 1X BD Multitest IMK kit lysis
solution was subsequently added to the tubes and after 15 min
of incubation at room temperature, CD4*T cells were counted
using flow cytometry (FACSCanto II; BD Biosciences).

Detection of viral load. Blood was processed within 2-4 h
post-collection by centrifugation for 10 min at 1,100 x g for
plasma separation, followed by HIV RNA extraction by using
a Roche Cobas AmpliPrep/Cobas TagMan automatic analysis
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system (Roche Diagnostics; Basel, Switzerland, USA). The
viral load was quantitatively measured using a Roche Cobas
AmpliPrep/Cobas TagMan HIV-1 test kit (version 2.0; Roche
Diagnostics) according to the manufacturer's instruction.

Separation of mononuclear cells from LNs. The LNs were
minced and filtered through a 100 mesh filter (pore size,
150 pm; xbs-100; Shanghai 3bio, Shanghai, China), and the
filtrate was retained and layered onto Ficoll-Paque™ PLUS
(cat. no. 17-1440-02; GE Healthcare, Little Chalfont, UK) and
centrifuged at 800 x g for 15 min at 20°C to obtain mono-
nuclear cells, which included lymphocytes (20,21).

Detection of the expression levels of Arg I and iNOS using
streptomycin avidin-biotin-peroxidase complex immunohis-
tochemical analysis. The LNs were collected, fixed in 4%
paraformaldehyde (Beijing Chemical Works, Beijing, China),
embedded in paraffin (Leica Biosystems, Nussloch, Germany)
and sectioned (4 um). Briefly, the slides were washed in xylene
(ZSGB-BIO, Beijing, China) to remove the paraffin, rehy-
drated through serial dilutions of alcohol (Beijing Chemical
Works), followed by washing with phosphate-buffered saline
(PBS; pH 7.2; ZLI1-9062, ZSGB-BIO). Treated slides were then
placed in a 0.01-mol/I citrate buffer (pH 6.0; ZSGB-BIO) and
heated in a microwave oven for 15 min for retrieval of antigens,
treated with 1.5% H,0, (Beijing Chemical Works) in methanol
(Beijing Chemical Works) to inactivate endogenous peroxi-
dase and treated with fetal bovine serum (Invitrogen; Thermo
Fisher Scientific, Waltham, MA, USA) to block non-specific
binding. The sections were then incubated overnight at 4°C
with anti-hArginasel antibody [cat. no. IC8026P; monoclonal
mouse immunoglobulin (Ig) G2B; clone 658922; 1:350 dilution;
R&D Systems, Minneapolis, MN, USA], anti-iNOS antibody
(cat. no. ab15323; rabbit polyclonal; 1:80 dilution; Abcam,
Cambridge, UK) and washed three times with PBS, followed
by incubation with horseradish peroxidase (HRP)-conjugated
secondary antibody (cat no. D39-110; Polink-2 Plus HRP Rabbit
for DAB Bulk kit; or cat no. D37-110; Polink-2 Plus HRP DAB
Mouse Bulk kit; Golden Bridge International, Bothell, WA,
USA) for 15 min at 37°C. The sections were then incubated
with 3,3-diaminobenzidine (ZSGB-BIO) to visualize the
expression of Arg I and iNOS. Positive cells contained brown
granules. As a negative control for the LNs from HIV-infected
patients, phosphate-buffered saline was used in place of the
primary antibody. LN sections from subjects without HIV
were treated with primary antibody also served as a control.

Determination and image capture. The specimens were
evaluated semi-quantitatively by two pathologists in a
blinded-manner (22). The frequencies of positive cells to total
cells at x200 magnification were scored as follows: 1,<25%; 2,
26-50%; 3,>51%. The staining intensity above the background
level was scored as follows: 0, no staining; 1, light yellow; 2,
yellow-brown; 3, brown. These scores served as measures of
target protein expression. The final score was the product of
the above two scores: 0, negative (-); 1-2, weakly positive (+);
3-4, positive (++4); 6-9, strongly positive (+++). Slides were
mounted with gum for examination and captured using an
Olympus BX51 microscope (Olympus Corp., Tokyo, Japan)
and a Nikon Digital Camera System (80i; Nikon Corp., Tokyo,
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Japan) for study comparison. For this evaluation, five fields
were randomly selected per section (magnification, x200).

Detection of the expression levels of Arg I and iNOS using flow
cytometry. The mononuclear cells from the peripheral blood
or LNs were added to three tubes (2-5x10° cells/tube), and
were incubated with anti-CD3-fluorescein isothiocyanate (cat.
n0.349201; monoclonal mouse IgG1; clone SK7; BD Biosciences)
and anti-CD8-peridinin chlorophyll protein (cat. no. 347314;
monoclonal mouse IgG1; clone SK1; BD Biosciences) and perme-
abilized using a Cytofix/Cytoperm Fixation/Permeabilization
kit (BD Biosciences). Subsequently, the three tubes (Arg, iNOS
and isotype control) were divided into three groups and either
anti-hArginasel-phycoerythrin (cat. no. IC8026P; monoclonal
mouse IgG2B; clone 658922; R&D Systems), anti-iNOS anti-
body (cat. no. ab15323; rabbit polyclonal; Abcam) or isotype
control antibody (cat. no. IC0041P; monoclonal mouse IgG2B;
clone 133303; R&D Systems) was added to one tube containing
peripheral blood mononuclear cells and one tube containing LN
mononuclear cells. IXBD Perm/Wash™ Buffer from the kit was
used for washing. The cells in the iNOS group were incubated
with goat anti-rabbit IgG-allophycocyanin (cat. no. ab130805;
polyclonal; Abcam) for 15 min at 20°C and fixed in 1% parafor-
maldehyde for 24 h. Flow cytometry was performed within 24 h
using a FACSCanto II flow cytometer (BD Biosciences). FlowJo
software (version 7.6.1; FlowJo LLC, Ashland, OR, Canada) was
used to analyze the data. The lymphocytes were gated based on
forward scatter/side scatter, which were further separated into
CD8* T cells (CD3*/CD8*) and CD4* T cells (CD3*/CD8"), and
the expression levels of Arg I and iNOS were analyzed.

Statistical analysis. Statistical analysis was performed
using SPSS version 17.0 (SPSS, Inc., Chicago, IL, USA).
Continuous variables were compared using analysis of vari-
ance (ANOVA) and one-way ANOVA was used to evaluate
the differences among groups. Non-continuous variables were
compared using a Mann-Whitney U test between two groups
and Kruskal-Wallis H non-parametric test among groups.
Correlation was evaluated using Pearson's or Spearman's
correlation analysis. P<0.05 was considered to indicate a
statistically significant difference.

Results

Expression levels of Arg I and iNOS in the LNs of patients
with HIVIAIDS. In order to determine changes in the expres-
sion levels of Arg I and iNOS in LNs following HIV infection,
the present study firstly evaluated the expression levels of Arg
I and iNOS in peripheral LNs in situ using immunohisto-
chemistry. The results showed that Arg I was predominantly
expressed in the cytoplasm, and the levels of expression varied
among the groups, between negative to strongly positive. In
the control group (Fig. 1A), the expression of Arg I was most
weakly positive or positive, whereas the expression levels of
Arg I in the patient groups (Fig. 1B and 1C), were almost posi-
tive or strongly positive. By contrast, the expression of iNOS
exhibited the opposite trend to the changes in the expression of
Arg I, with the expression of iNOS being positive in the control
group (Fig. 1D), and positive, weakly positive or negative in the
patient groups (Fig. 1E and F). Taken together, the results of
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the immunohistochemical analyses showed that, in the patient
groups, the expression levels of Arg I were significantly higher,
compared with the control group (P<0.01; Fig. 1G), whereas the
expression levels of iNOS were significantly lower, compared
with the control group (P<0.05; Fig. 1H). No significant differ-
ences were observed between the asymptomatic and AIDS
groups (P>0.05).

Expression levels of Arg I and iNOS in the peripheral T cells
of patients with HIV/AIDS. Subsequently, the present study
detected the frequencies of Arg I and iNOS* CD4* T cells and
CD8* T cells, which were isolated from the peripheral blood
samples or LN tissues of the asymptomatic patients, symp-
tomatic patients with AIDS and controls. Flow cytometry
was performed to further assess the changes in the expression
levels of Arg I and iNOS in the T lymphocyte subsets. In the
asymptomatic and symptomatic AIDS groups, the frequen-
cies of CD4* T cells positive for Arg I in the peripheral blood
were significantly higher, compared with the control (P<0.05),
and the frequencies of CD4* T cells positive for iNOS in the
peripheral blood were significantly lower, compared with the
control (P<0.05) (Fig. 2). In addition, the frequencies of CD8*
T cells positive for Arg I in the peripheral blood were signifi-
cantly higher, compared with the control (P<0.05), and those
positive for iNOS in the peripheral blood were significantly
lower, compared with the control (P<0.05) (Fig. 3). However,
the frequencies were similar between these patient groups
(P>0.05). Analogous results were obtained from peripheral
LNs. In the two patient groups, the frequencies of CD4* T
cells positive for Arg I in the peripheral LNs were significantly
higher (P<0.05), and those positive for iNOS were signifi-
cantly lower (P<0.05), compared with the controls (Fig. 4). The
frequencies of CD8* T positive for Arg I in the peripheral LNs
cells were significantly higher (P<0.05), and those positive for
iNOS were significantly lower (P<0.05), compared with the
control (Fig. 5). The frequencies did not differ significantly
among the patient groups (P>0.05).

Correlation between the expression levels of Arg I and
INOS, and CD4* T cell counts. The CD4" T cell count is an
important clinical indicator of the progression of AIDS (23).
To investigate the effects of Arg I and iNOS on the progres-
sion of AIDS, the associations between the peripheral blood
CD4* T cell count and the frequencies of CD4* T cells and
CDS8* T cells positive for Arg I and iNOS were examined in
the peripheral blood and peripheral LNs. The protein expres-
sion levels of Arg I and iNOS in the peripheral LNs were also
evaluated. As shown in Fig. 6, the peripheral CD4* T cell
count was negatively associated with the frequencies of CD4*
T cells and CD8" T cells positive for Arg I in the peripheral
blood (r=-0.393; P<0.01 and r=-0.527; P<0.01; respectively)
and peripheral LNs (r=-0.326; P<0.01; and r=-0.292; P=0.036,
respectively). However, the peripheral CD4* T cell count was
positively associated with the frequencies of iNOS* CD4*
T cells and CD8* T cells in the peripheral blood (r=0.690;
P<0.01 and r=0.604; P<0.01; respectively) and peripheral LNs
(r=0.596; P<0.01 and r=0.611; P<0.01, respectively; Fig. 6).

Correlation between the expression levels of Arg I and iNOS,
and viral load. Viral load is another important indicator used
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Figure 1. Protein expression levels of Arg I and iNOS in the peripheral LNs. Expression of Arg I in the LNs was positive in the (A) control group and strongly
positive in the (B) asymptomatic group and (C) symptomatic AIDS group. Expression of iNOS in the LNs was strongly positive in the (D) control group, and
positive in the (E) asymptomatic group and (F) symptomatic AIDS group. Arrows indicate positive staining using the Polink-2 plus® Polymer HRP Detection
system (magnification, x200). (G and H) Immunohistochemical scores for the expression levels of Arg I and iNOS in the superficial LNs of the control group,
asymptomatic group and symptomatic AIDS group. Values are expressed as the mean standard + deviation from at least three experiments. "P<0.05. Arg,
arginase; iNOS, inducible nitric oxide synthase; LN, lymph node; AIDS, acquired immune deficiency syndrome.

to evaluate the severity of AIDS. Therefore, the present study
also evaluated the association between the viral load and the
frequencies of CD4* T cells and CD8" T cells positive for
Arg I or iNOS in the peripheral blood and LNs. The associa-
tion with the protein expression levels of Arg I and iNOS in the
peripheral LNs were also examined. As shown in Fig. 7, viral
load was positively associated with the frequencies of Arg I
positive CD4* T cells and CD8" T cells in the peripheral blood
(r=0.495; P<0.01 and r=0.307; P=0.027, respectively), periph-
eral LNs (r=0.546; P<0.01 and r=0.458; P<0.01, respectively).
However, the viral load was negatively associated with the
frequencies of iNOS positive CD4* T cells and CD8* T cells
in the peripheral blood (r=-0.735; P<0.01 and r=-0.757; P<0.01,
respectively), peripheral LNs (r=-0.778; P<0.01 and r=-0.670;
P<0.01, respectively). In terms of protein expression levels, the
peripheral CD4* T cell count was negatively associated with
the protein expression of Arg I (r=-0.563; P<0.01; Fig. 8A)
and the viral load was positively associated with the protein
expression of Arg I in the LNs (r=0.736; P<0.01; Fig. 8B).

Furthermore, the peripheral CD4* T cell count was positively
associated with the expression of iNOS (r=0.394; P<0.01;
Fig. 8C) in the LNs. The viral load as negatively associated
with the protein expression of iNOS in the LNs (r=-0.529;
P<0.01; Fig. 8D).

Discussion

As one of the most important amino acids, L-arginine can exert
a variety of biological effects. It is involved in the synthesis of
proteins, urea, creatine and NO (24), and is metabolized in the
human body via the ‘Arg pathway’ and ‘iNOS pathway,” which
differ in their effects on immune function.

As mentioned above, the expression of Arg I is
increased (16,17) and the expression of iNOS is reduced (18)
in the serum and PBMCs of HIV-infected patients. LNs are
important sites for the proliferation, differentiation and devel-
opment of lymphocytes, and are crucial in the maintenance of
normal immune function (25). Changes in the metabolism of
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Figure 2. Flow cytometric analysis of the frequencies of CD4* T cells positive for Arg I and iNOS in the peripheral blood. Compared with the (A) control group,
the (B) asymptomatic group and (C) symptomatic AIDS group had a significantly higher frequency of peripheral CD4* T cells positive for Arg I. Compared
with the (D) control, the (E) asymptomatic group and (F) symptomatic AIDS group had a significantly lower frequency of peripheral CD4* T cells positive for
iNOS. Numbers represent the percentages of cells in the indicated boxes. (G and H) Frequencies of peripheral CD4* T cells positive for Arg I and iNOS. Values
are expressed as the mean standard + deviation from at least three experiments. ‘P<0.05. Arg, arginase; iNOS, inducible nitric oxide synthase; LN, lymph node;

AIDS, acquired immune deficiency syndrome.

LNs by L-arginine remains to be fully elucidated in patients
with HIV infection. Therefore, in the present study, immuno-
histochemistry and flow cytometry were used to detect the
expression levels of Arg I and iNOS in peripheral T cells
and LNs. The results showed that, compared with controls,
asymptomatic and symptomatic HIV infected patients exhib-
ited increased frequencies of Arg I positive CD4* T cells and
CD8* T cells in the peripheral blood and LNs, and increased
protein expression levels of Arg I in the LNs. In addition, the
frequencies of Arg I positive CD4* T cells and CD8* T cells
in the peripheral blood and LNs, and the protein expression

levels of Arg I in the LNs were negatively associated with
peripheral CD4* T cell count and positively correlated with
HIV load. By contrast, the frequencies of iNOS positive CD4*
T cells and CD8* T cells in the peripheral blood and LN,
and the protein expression levels of iNOS were decreased in
the LNs of HIV-infected patients, compared with controls.
Furthermore, the frequencies of iNOS positive CD4* T cells
and CD8* T cells in the peripheral blood and LNs, and the
protein expression levels of iNOS in the LNs were positively
associated with peripheral CD4* T cell count and negatively
associated with HIV load.


https://www.spandidos-publications.com/10.3892/mmr.2015.4601

736 ZHANG et al: EXPRESSION OF ARGINASE I AND INDUCIBLE NITRIC OXIDE SYNTHASE
A B C
A
te 32.6% 104 98.2% 10* 99.1%
107 10" 10°
-
g
£ 102 10 - 10°
<
10" - 10" 10"
10 10’ T T erer 10° T T T
is "' ’w' 10 10 10° 10’ 10 10 10" 10° 10 10
CD8+(CD3+CD8+)
D E F
A
10 34.2% 10* 14.1% 10* ] 12.3%
107 o 107 107
§ 107 4 10% 10
10" 10" - 10"
10 10° Y 10° T T
10” 10 10 10 10! 10 10 10
CD8+(CD3+CD8+)
= Control = Control
G H
m Asymptomatic m Asymptomatic
m AIDS = AIDS
. 5
: s 2
B B
= @ g
=] L
1 | E “‘ [

Figure 3. Flow cytometric analysis of the frequencies of CD8* T cells positive for Arg I and iNOS in peripheral blood. Compared with the (A) control group, the
(B) asymptomatic group and (C) symptomatic AIDS group had a significantly higher frequency of peripheral CD8* T cells positive for Arg I. Compared with
the (D) control, the (E) asymptomatic group and (F) symptomatic AIDS group had a significantly and a markedly lower frequencies of peripheral CD8" T cells
positive for Arg I and iNOS. Numbers represent the percentages of cells in the indicated boxes. (G and H) Frequencies of peripheral CD8+T cells positive for
Arg I and iNOS. Values are expressed as the mean standard + deviation from at least three experiments. "P<0.05. Arg, arginase; iNOS, inducible nitric oxide

synthase; LN, lymph node; AIDS, acquired immune deficiency syndrome.

In arginine-mediated metabolism, L-arginine is hydro-
lyzed into urea and ornithine, and ornithine is a precursor
of polyamines, which are indispensable for the prolifera-
tion of cells and parasites (5,26-28). At least two subtypes
of arginase have been identified in mammals: Cytoplasmic
Arg I and mitochondrial Arg II (29). These are involved in
the same reaction (30), although Arg I is more important in
the urea cycle of the liver. In addition to its role in L-arginine
metabolism, Arg is important for immune system func-
tion (31,32) as it can inhibit NO synthesis, induce fibrosis and

tissue regeneration (33,34). Arg is also involved in multiple
inflammatory diseases, and is essential for normal T cell
function (6,35,36).

In myeloid cells, Arg I downregulates CD3C-chain
expression, and inhibits the expression of cell cycle regula-
tory protein D3 and cell cycle regulatory protein-dependent
kinase 4, leading to the inhibition of T cell activation
and subsequent suppression of the immune function of
T cells (37,38). This mechanism is important in the immuno-
suppression of certain inflammation-associated conditions.



{=| SPANDIDOS

) PUBLICATIONS

MOLECULAR MEDICINE REPORTS 13: 731-743, 2016

737

A B C
4 4 4
4 w0 32.3% 10 98.7% 1 97.6%
“!3_ 10’- ma_
-
%
£ 10° - 10° 4 10% 4
2
<
10" 10' 4 10" 4
Wl’l - 10“ LAk ML § YT T ‘un T |‘ Lk | e
10° 10t 10 10' 10° 10° 10 10° 10 10 10° 10
CD4+(CD3+CD8-)
D E F
F 5
" 35.7% 10 13.5% 9 12.4%
10° 10° 10°
é 10" 4 10°
10' 10"
0
10 10 e T
o ; 10 10" 10
10 0 10
CD4+(CD3+CD8-)
= Control
G B Asymptomatic H 3 Control
m AIDS
. B Asymptomatic
9y . I AIDS
bl -
£ =8 ey
o
g 2.
e g
e 2]
o ¥ o 04
< - z

Figure 4. Flow cytometric analysis of the frequencies of CD4* T cells positive for Arg I and iNOS in peripheral LNs. Compared with the (A) control group, the
(B) asymptomatic group and (C) symptomatic AIDS group had a significantly higher frequencies of peripheral CD4* T cells positive for Arg I. Compared with
the (D) control, the (E) asymptomatic group and (F) symptomatic AIDS group had a significantly lower frequencies of peripheral CD4* T cells positive for
iNOS. Numbers represent the percentages of cells in the indicated boxes. (G and H) Frequencies of CD4* T cells positive for Arg I and iNOS in the peripheral
superficial LNs. Values are expressed as the mean standard + deviation from at least three experiments. ‘P<0.05. Arg, arginase; iNOS, inducible nitric oxide

synthase; LN, lymph node; AIDS, acquired immune deficiency syndrome.

For example, certain cancer cells and pathogens, including
Helicobacter pylori and Toxoplasma gondii, may use
arginine to induce inflammation-associated immune suppres-
sion, leading to immune evasion (12,31,32,39). In the NOS
pathway, L-arginine is metabolized by iNOS into citrulline
and NO, and NO is important in the destruction of cancer
cells, viruses, bacteria and parasites and in regulation of a
variety of immune cells (40). NOS has three isoforms, which
include two constitutive isoforms, neural NOS and endothe-
lial NOS, and one inducible isoform (iNOS) (41). Constitutive
NOS is predominantly involved in the physiological synthesis

of NO and the regulation of different physiological func-
tions, and its activity is Ca2*-dependent (42). However, iNOS
is predominantly involved in the immune regulation and
pro-inflammatory response (43,44).

L-arginine is a substrate of Arg and iNOS, therefore, high
expression levels of Arg may deplete L-arginine and increase
levels of ornithine and polyamines, which are required for the
proliferation of cells and parasites. A reduction in L-arginine
causes a decrease in NO through the iNOS pathway (11).
The competition between Arg and iNOS is pivotal in the
immune response to infection and determines the course of
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Figure 5. Flow cytometric analysis of the frequencies of CD8* T cells positive for Arg I and iNOS in peripheral LNs. Compared with the (A) control group,
the (B) asymptomatic group and (C) symptomatic AIDS group had a significantly higher frequency of peripheral CD8* T cells positive for Arg I, Compared
with the (D) control, the (E) asymptomatic group and (F) symptomatic AIDS group had a significantly lower frequency of peripheral CD8* T cells positive for
iNOS. Numbers represent the percentages of cells in the indicated boxes. (G and H) Frequencies of CD8* T cells positive for Arg I and iNOS in the superficial
LNs. Values are expressed as the mean standard + deviation from at least three experiments. "P<0.05. Arg, arginase; iNOS, inducible nitric oxide synthase; LN,

lymph node; AIDS, acquired immune deficiency syndrome.

infection. For example, the peritoneal macrophages in rats
differ from those in mice by being resistant to Toxoplasma
gondi infection in nature. This resistance has been ascribed
to the increased expression and activity of iNOS and, reduced
activity of Arg I in rat peritoneal macrophages, compared
with mouse peritoneal macrophages (12). HIV infection
significantly reduces the number of CD4* T cells, particularly
in the AIDS phase, and as polyamine, which is the metabolic
product of L-arginine by Arg, is an essential substrate for
cell proliferation, increased Arg I in the peripheral blood

and LNs can increase the number of CD4* T cells following
HIV infection (11). The results of the present study indicated
the negative correlation between the expression of Arg I in
peripheral T cells and LNs and peripheral CD4* T cell count,
suggesting that the expression of Arg I increased to compen-
sate for the reduction in CD4* T cells.

However, L-arginine regulates the transcription of iNOS
in a concentration-dependent manner (39) and Arg signifi-
cantly reduces the levels of L-arginine, leading to reduction
in iNOS synthesis. Thus, the increase in the expression levels
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Figure 6. Correlation between the peripheral CD4* T cell count with the frequencies of CD4* T cells and CD8* T cells positive for Arg I and iNOS in the
peripheral blood and LNs in patients with human immunodeficiency virus/acquired immune deficiency syndrome.. The peripheral CD4* T cell count was
negatively associated with the frequencies of Arg I positive CD4* T cells in the (A) peripheral blood and (B) LNs, and the frequencies of Arg I-positive CD8*
T cells in the (C) peripheral blood and (D) LNs. The peripheral CD4* T-cell count was positively associated with the frequencies of iNOS-positive CD4* T
cells in the (E) peripheral blood and (F) LNs, and with the frequencies of iNOS positive CD8* T cells in the (G) peripheral blood and (H) LNs. Arg, arginase;
iNOS, inducible nitric oxide synthase; LN lymph node.

of Arg I in the peripheral blood and LNs of HIV-infected reduction in the production of NO, and this release of NO
patients may cause a reduction in the expression of iNOS. by macrophages is important role in innate immunity (11).
This Arg-induced reduction in iNOS synthesis leads to a  The reduced synthesis of NO may directly impair innate
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Figure 7. Correlation of viral load with the frequencies of CD4* T cells and CD8* T cells positive for Arg I and iNOS in peripheral blood and LNs in patients
with HIV/acquired immune deficiency syndrome. Viral load was positively associated with the frequencies of Arg I positive CD8" T cells in the (A) peripheral
blood and (B) LNs, and with the frequencies of Arg I positive CD8* T cells in the (C) peripheral blood and (D) LNs. Viral load was also negatively associated
with the frequencies of iNOS-positive CD4* T cells in the (E) peripheral blood and (F) LNs, and with the frequencies of iNOS positive CD8" T cells in the
(G) peripheral blood and (H) LNs. HIV, human immunodeficiency virus; Arg, arginase; iNOS, inducible nitric oxide synthase; LN lymph node.

immunity and affect anti-infection ability, increasing immune  ability in patients with AIDS, causing opportunistic infections,
dysfunction in HIV-infected patients. This may contribute to  including pneumocystis pneumonia, tuberculosis, cytomegalo-
the increased replication of HIV and reduced anti-infection  virus and Epstein-Barr virus. Furthermore, the consumption
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Figure 8. Correlation between the number of Arg I or iNOS positive cells in the superficial LNs, and the CD4* T cell count and viral load in patients with
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of L-arginine by Arg causes downregulated expression of
the CD3C chain in CD8* T cells (6,45,46). All these factors
contribute to the significant increase in HIV replication and
compromise anti-infection ability in the AIDS phase, resulting
in the development of opportunistic infections.

The reduction in NO due to the competition between Arg
and iNOS is also important in the pathogenesis of a variety of
diseases, including atherosclerosis and hypertension, myocar-
dial ischemia/reperfusion injury, diabetes, allergic asthma and
inflammatory diseases (47-50). Thus, as an important metabolic
enzyme, which affects NO synthesis, mechanisms to inhibit the
progression of disease by inhibiting Arg activity and functional
interference remains an area of increased interest. Certain
synthetic and natural compounds that inhibit Arg have been
investigated as disease therapies, with certain small molecule
inhibitors of Arg showing potential in the treatment of diabetes,
allergic inflammation and Schistosoma mansoni parasitic
infection (47,51,52). At the same time, evidence in rats shows
that Arg I may serve as a biomarker for the diagnosis of type
2 diabetes (53). The results of the present study also showed
that HIV load and peripheral CD4* T cells were independently
associated with the expression levels of Arg I and iNOS. Thus,
although HAART may exert therapeutic effects by reducing
the expression of Arg I and increasing the expression of iNOS,
Arg inhibitors may be used as an adjuvant therapy to treat HIV
infection, particularly in those with AIDS, and to improve
immune function, prevent opportunistic infections and inhibit
viral replication. In addition, this correlation suggests that the

expression levels of Arg I and iNOS in peripheral T cells may be
used diagnostically to predict the progression of HIV infections.

In conclusion, the present study suggested that abnormali-
ties in the expression levels of Arg I and iNOS in peripheral
blood and LN T cells may be a contributor to compromised
immunity in patients with HIV, which are responsible for the
significant elevations in viral load during the AIDS phase and
the appearance of opportunistic infections. In addition, the
expression levels of Arg I and iNOS in the T cells of periph-
eral blood and LNs may be as a potential parameter to predict
disease progression, as the expression levels of Arg I and iNOS
in peripheral blood and LN T cells were found to be correlated
with HIV load and CD4* T cell count.
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