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Abstract: Pig-tailed macaques (Macaca nemistrina group) have been extensively used as non-human primate animal models for
various human diseases in recent years, notably for AIDS research due to their sensitivity to HIV-1. Northern pig-tailed macaques (M.
leonina) are distributed in China and other surrounding Southeast Asia countries. Although northern pig-tailed macaques have been
bred on a large scale as experimental animals since 2012, the reference value of normal levels of leukocytes is not available. To
obtain such information, 62 blood samples from male and female healthy northern pig-tailed macaques at different ages were
collected. The normal range of major leukocyte subpopulations, such as T lymphocytes, B lymphocytes, natural killer (NK) cells,
monocytes, and the expression levels of activation or differentiation related molecules (CD38, HLA-DR, CCR5, CD21, IgD, CD80
and CD86) on lymphocytes were analyzed by flow cytometry. The counts of B cells decreased with age, but those of CD8+ T cells
and NK cells and the frequency of CD38+HLA-DR+CD4+ T cells were positively correlated with age. The counts of leukocyte
subpopulations were higher in males than those in females except for CD4+ T cells. Males also showed higher expression levels of
IgD and CD21 within B cells. This study provides basic data about the leukocyte subpopulations of northern pig-tailed macaques and
compares this species with commonly used Chinese rhesus macaques (M. mulatta), which is meaningful for the biomedical
application of northern pig-tailed macaques.
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Pig-tailed macaques (Macaca nemistrina group,
PTM), rhesus macaques (M. mulatta, RM) and cynomolgus macaques (M. fascicularis, CM), all belonging to
the Cercopithecidae family of Old World monkeys, have
become more widely used models for AIDS pathogenesis
in recent years (Lei et al, 2013; Zhu et al, 2010). As their
name suggests, PTM are characterized by the short,
semi-erect ‘pig-like’ tail and the flat vertex. They
diverged from RM and CM approximately 5 million
years ago, while the divergence between RM and CM
was generated at one another 2.4 million years later
(Baroncelli et al, 2008).
PTM have been widely employed as animal models
of sexually transmitted diseases due to the similarities
Science Press

between the anatomic structure of the genital tract and
the menstrual cycle with humans, the feature that they
breed in all1seasons and have a relatively large body size.
By contrast, it is difficult to perform colposcopic
examinations and multiple biopsies on CM as they have
much smaller vaginal canals and cervix diameters than
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PTM. The reproductive physiology of RM is also quite
different from humans as their constant breeding season
(Patton et al, 2009). More importantly, PTM have the
overriding advantages on their abilities in acute human
immunodeficiency virus-1 (HIV-1) infection and
exceptional susceptibility to simian immunodeficiency
virus (SIV) and simian-human immunodeficiency virus
(SHIV). In fact, PTM are the only reported species of
Old World monkeys that could be infected by HIV-1
(Agy et al, 1992; Batten et al, 2006; Bosch et al, 2000).
Although they have been extensively applied in
biomedical areas, such as cognitive neuroscience, pharmacology and infectious etiology, PTM did not obtain a
clear taxonomic status until Gippoliti et al (2001) separated the initial taxonomic three subspecies (nemestrina,
leonina, pagensis) of the M. nemistrina group at the
species level. Sunda pig-tailed macaques (M. nemestrina)
are found in the southern half of the Malay Peninsula
(only just extending into southernmost Thailand), Borneo,
Sumatra and Bangka Island. Mentawai macaques (M.
pagensis) are located in the Mentawai islands. Northern
pig-tailed macaques (M. leonina) range from about N8°
in Peninsular Thailand through Burma and Indochina
into Bangladesh, India extending north as far as to the
Brahmaputra, and the southernmost of Yunnan, China
(Malaivijitnond et al, 2012).
Due to the lack of primate models that can be
productively infected by HIV-1, especially given that
HIV-1 infection is more efficiently restricted by tripartite
motif protein 5α (TRIM5α), apolipoprotein B mRNAediting enzyme and catalytic polypeptide-like 3
(APOBEC3) proteins of macaques than those of humans,
the pathogenic mechanisms of HIV-1 have not been fully
elucidated. The early block to HIV-1 infection in monkey
cells was relieved by interference with TRIM5α
expression (Stremlau et al, 2004). In our previous study,
we for the first time reported that northern PTM do not
express TRIM5α but rather TRIM5-CypA fusion gene, in
which the B30.2/ SPRY domain of TRIM5α is substituted
by retrotransposed CypA in the 3'-UTR, contributing to
the invalidation of restriction to HIV-1 replication in
these animals (Kuang et al, 2009). Recent studies
showed that PTM rather than RM or CM are susceptive
to siman-tropic HIV-1 (stHIV-1), in which the HIV-1NL4-3
vif gene was replaced by the vif genes from SIVmac or
HIV-2ROD to suppress the antiretroviral activity of several
APOBEC3 proteins (Hatziioannou et al, 2009;
Thippeshappa et al, 2011). Thus northern PTM may is a
Zoological Research

desirable animal model for AIDS studies.
Wild northern PTM mainly distribute in southwestern Yunnan, China and southeastern Tibet. Because of
the scarcity of this primate species, they are under First
Grade State Protection of China. In 2012, Kunming
Primate Research Center, China, first introduced northern PTM from Vietnam for large-scaled breeding for
laboratory use. However, the limited knowledge of their
immune systems has restricted their applications. In this
study, we determined the phenotypic characteristics of
leukocytes in northern PTM ranging from 2 to 11 years
of age to provide detailed immunological data.

MATERIALS AND METHODS
Animals and sample collection
Cage-bred northern PTM were maintained according
to the regulations approved by the American Association
for Assessment and Accreditation of Laboratory Animal
Care (AAALAC) at the Kunming Primate Research
Center, Kunming Institute of Zoology, CAS. Ethylenediamine tetraacetic acid (EDTA) stabilized blood samples were collected from male (n=15) and female (n=14)
juveniles (mean age=2.4 years (2−3 years)), as well as
male (n=17) and female (n=16) adults (mean age=6.1
years (5−11 years)) without apparent external symptoms
(acute infections, trauma and severe diarrhea) for flow
cytometric analysis. For comparison purposes, data from
age-appropriate male (n=9) and female (n=8) juvenile
(mean age=2.4 years (2−3 years)), as well as male (n=14)
and female (n=12) adult (mean age=7.5 years (5−10
years)) Chinese rhesus macaques (ChRM) were also
collected. Animals’ age and sex information is shown in
Table 1. All procedures were performed under the
guidance of the Ethics Committee of Kunming Institute
of Zoology.
Antibodies
Mouse anti-human CD molecule monoclonal and
polyclonal antibodies that cross-reacted with PTM were
used according to standard procedures and appropriate
concentrations in this study. Anti-CD159a PE (clone
Z199) mAb was obtained from Beckman Coulter. AntiCD38 FITC (clone AT-1) mAb was obtained from STEMCELL. Streptomycin-PE-Cy7 was obtained from Biolegend. Anti-IgD biotin pAb used by conjunction with
streptomycin-PE-Cy7 was obtained from Southern Biotech. Anti-CD14 APC (clone M5E2), anti-CD20 PerCP-Cy5.
5(clone 2H7), anti-CD21 APC (clone B-ly4), anti-CD3
www.zoores.ac.cn
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Table 1 Study group of northern pig-tailed macaques and Chinese rhesus macaques
Northern pig-tailed macaques
Age groups (years)

Males

Chinese rhesus macaques

Females

Males

Females

n

Age (years)

n

Age (years)

n

Age (years)

n

Age (years)

Juvenile (2−3)

15

2.3±0.5

14

2.5±0.5

9

2.3±0.5

8

2.5±0.5

Adult (4−11)

17

6.6±1.6

16

5.4±1.7

14

7.0±1.6

12

8.1±1.5

Total

32

4.6±2.5

30

4.0±2.0

23

5.2±2.6

20

5.9±3.0

APC-Cy7 (clone SP34-2), anti-CD4-PerCP-Cy5.5/
FITC (clone L200), anti-CD8α PE-Cy7 (clone RPA-T8),
anti-CD80 PE (clone HB15e), anti-CD86 PE (clone
FUN-1), anti-CCR5 PE (clone 3A9) and anti-HLA-DR
APC (clone L243) mAbs were all obtained from BD
Pharmigen.

Flow cytometric acquisition was performed on the
BD FACSVerse cytometer driven by the FACSuite
software (version 1.0.3; BD). The acquired cell number
was at least 100 000 CD3+ T cells or 50 000 CD20+ B
cells. Analysis of the acquired data was performed using
FlowJo software (version 7.6.1; TreeStar).

Absolute quantification of major leukocyte subpopulations
The methods of direct cell surface staining for whole
blood and absolute number analysis were as described
previously (Xia et al, 2009). Briefly, 50 μL of whole
blood samples were added in TruCount tube (BD Biosciences) and incubated with fluorochrome-conjugated
antibodies of CD3, CD4, CD8α, CD20, CD14 and
CD159a mAbs for 30 min on ice. Erythrocytes were
lysed with FACS lysing solution (BD Biosciences), and
the samples were analyzed with BD FACSVerse
cytometer directly. The absolute numbers of T cells
(CD3+CD20-), CD4+ T cells (CD4+CD8a-CD3+), CD8+ T
cells (CD4-CD8a+CD3+), B cells (CD3-CD20+), NK cells
(CD3-CD8a+CD159a+) and monocytes (CD3-CD20CD14+) were calculated using the following formula:
Cell concentration (cell numbers/μL)=(events in gated
region (n)×total number of TruCount beads (n))/(number
of acquired beads (n)×sample volume (μL)) (Figure 1).

Statistical analysis
Statistical differences between two groups were
determined by the nonparametric Mann-Whitney U rank
sum test. The Spearman’s test was performed for correlation analysis. Two-tailed P<0.05 was considered statistically significant. Data were presented as mean±SD. All
statistical analyses were performed via GraphPad Prism
software (version 5.01; GraphPad Software).

RESULTS

Phenotype analysis by flow cytometry
As shown in Figure 1, to determine CCR5+ T cells,
activated (CD38+HLA-DR+) T cells, activated (CD80/
CD86+) B cells, resting (CD21+) B cells and IgD/IgM
secreting (IgD+) B cells, 100 μL of fresh whole blood
used for each analysis were lysed with FACS lysing
solution for 10 min at room temperature, followed by
washing and resuspension with Dulbecco’s phosphatebuffered saline (DPBS) with 2% of new-born calf serum
and 0.09% sodium azide (staining buffer). The suspending leukocytes were then stained with the relevant
directly conjugated mAbs for 30 min on ice and fixed
using PBS containing 4% paraformaldehyde.

The absolute number of leukocyte subpopulations in
peripheral blood of northern PTM
The absolute number of T cells, CD4+ T cells, CD8+
T cells, B cells, monocytes and NK cells in different
groups are listed in Table 2. Numbers of B cells were
negatively correlated with age (r=−0.426, P<0.001).
CD8+ T cell counts (r=0.336, P=0.008) and NK cell counts (r=0.329, P=0.01) were slightly increased with the
increasing of age. Adult group (1 117±548/μL) had
dramatically less B cells than juvenile group (1 782±
741/μL, P<0.001), however, no significant cell count
differences of CD8+ T cells and NK cells were found
between adult and juvenile groups.
In adult groups, compared with females, males
showed higher counts of T cells (male 3 544±1 341/μL,
female 2 875±1 192/μL; P=0.032), CD8+ T cells (male
1310±56/μL, female 1 046±533/μL; P=0.026), B cells
(male 1 594±621/μL, female 1 251±789/μL; P=0.016;)
and NK cells (male 701±617/μL, female 378±303/μL;
P=0.004). However, no significant differences of age or
sex were found in their counts of CD4+ T cells and
monocytes.
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Figure 1 Gating strategies for flow cytometric analysis
A: Gating strategies for T cells, B cells, NK cells and monocytes. CD14/side-scatter scattergram used for gating monocytes, TruCount beads and remaining
lymphocytes. CD3/CD20 dot polt gated on lymphocytes used to count T and B cells. T cells were further divided into CD4+ and CD8+ T cells. NK cells were
defined as CD3-CD8a+CD159a+ phenotype gating on lymphocytes. B: The expression levels of CCR5 were analyzed in each T cell subset. C: CD38+HLA-DR+
cells in each T cell subset were defined as activated cells. D: The expression levels of CD21, CD80/CD86 and IgD were analyzed in B cells.

Table 2 Cell counts (cell numbers/µL) of leukocyte subpopulations in different age and sex groups
Age (years)

Sex

T cells

CD4+ T cells

CD8+ T cells

B cells

NK cells

Monocytes

Juvenile

M

3 433±1 469

1 886±874

1 209±533

1 751±698

548±411

442±319

(2−3)

F

3 524±1 322

1 933±701

1 295±633

1 815±809

421±368

577±330

Adult

M

3 642±1 254

1 941±662

1 399±597

1 455±526

836±741

636±412

(4−11)

F

2 306±701

1 303±491

828±304

757±281

340±240

414±235

Total

M

3 544±1 341

1 915±756

1 310±567

1 594±621

701±617

545±378

F

2 875±1 192

1 597±668

1 046±533

1 251±789

378±303

490±290

All

3 220±1 305

1 761±727

1 182±562

1 428±722

563±510

518±337

Range

1 141−6 635

564−3 794

321−3 001

378−3 282

66−3178

154−1 844

Expressions of activation or differentiation related
molecules on lymphocytes of northern PTM
The expression values of activation or differentiation related markers on each lymphocyte subset in different groups were shown in Table 3. CD38+HLA-DR+ subset
Zoological Research

increased progressively with the increaseing of age in CD4+
T cells (r=0.256, P=0.045), and more CD38+HLA-DR+ subset within CD4+ T cells (juvenile 1.3±0.4%, adult 2.0±0.9%;
P=0.006) as well as CD8+ T cells (juvenile 4.1±1.8%, adult
5.0±1.9%; P=0.02) were observed in adult groups.
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Figure 2 Comparisons between northern pig-tailed macaques and Chinese rhesus macaques
Table 3 Expression levels (%) of activation or differentiation associated markers in different groups
Age
(years)

Sex

CD38+DR+
CD4+ T cells

CD38+DR+
CD8+ T cells

CCR5+
CD4+ T cells

CCR5+
CD8+ T cells

CD21+
B cells

IgD+
B cells

CD80/CD86+
B cells

Juvenile

M

1.25±0.31

3.85±1.46

3.53±2.15

11.14±6.36

67.99±12.76

72.75±12.93

44.79±12.51

(2−3)

F

1.32±0.53

4.32±2.21

3.48±1.98

11.85±4.77

64.67±11.53

65.71±13.97

48.19±9.48

Adult

M

2.27±0.92

5.49±2.18

4.07±1.45

12.02±3.73

66.81±12.05

69.97±11.94

41.78±11.11

(4−11)

F

1.63±0.81

4.58±1.50

4.01±2.20

14.35±7.19

60.03±14.13

56.12±13.89

60.14±17.42

Total

M

1.79±0.86

4.72±2.03

3.82±1.81

11.61±5.07

67.37±12.20

71.27±12.29

43.19±11.69

F

1.49±0.70

4.46±1.84

3.76±2.08

13.19±6.21

62.19±12.98

60.60±14.53

54.57±15.30

All

1.64±0.79

4.59±1.93

3.79±1.93

12.37±5.66

64.86±12.75

66.11±14.35

48.70±14.61

Range

0.49−3.84

1.48−10.70

1.00−8.79

3.42−28.80

33.80−90.50

35.80−93.10

17.00−80.10

Males showed higher frequency of IgD+ B cells
(male 71.3±12.3%, female 60.6±14.5%; P=0.006) but
lower frequency of CD80/86+ B cells (male 43.2±11.7%,
female 54.6±15.3%; P=0.004) than females. However,
no statistically significant age and gender differences in
the frequencies of CCR5+CD4+ T cells, CCR5+CD8+ T
cells and CD21+B cells were found.
Comparisons of lymphocyte subpopulations between
northern PTM and ChRM
As shown in Figure 2, a flow cytometric analysis
was performed to study the differences in lymphocyte
subpopulations between PTM and ChRM. Compared
with ChRM, northern PTM exhibited less T cells (northKunming Institute of Zoology (CAS), China Zoological Society

ern PTM 3 220±1 305/μL, ChRM 3 998±1 561/μL;
P=0.006), less CD8+ T cells (northern PTM 1 182±562/μL,
ChRM 1 634±921/μL; P=0.009), whereas higher frequencies of both CD4+ T cells (northern PTM 55.1±7.3%,
ChRM 47.3±10.1%; P=0.0001) and CD21+ B cells
(northern PTM 69.4±12.8% compared to 54.2±18.8%;
P=0.001) as well as increased CD4/CD8 ratio (northern
PTM 1.62±0.61, ChRM 1.38±0.72; P=0.016). Further
analysis demonstrated that male northern PTM had less T
cells (northern PTM 3 544±1 341/μL, ChRM
4498±1458/μL; P=0.03), less CD8+ T cells (northern
PTM 1 310±567/μL, ChRM 1 985±991/μL; P=0.01;
northern PTM 36.8±6.9%, ChRM 44.0±13.8%; P=0.013),
but higher frequency of CD4+ T cells (northern PTM
Volume 35 Issue 6
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54.3±7.2%, ChRM 45.9±11.0%; P=0.003) and CD4/CD8
ratio (northern PTM 1.58±0.65, ChRM 1.25±0.75;
P=0.01) than male ChRM. Whereas, females showed
lower frequency of CD21- B cells (northern PTM
37.8±13.0%, ChRM 54.6±15.4%; P<0.0001) compared
to female ChRM.

DISCUSSION
PTM group (M. nemestrina, M. leonine and M.
pagensis) have served an important role in the field of
biomedicine, notably in HIV/AIDS research, in recent
years (Lei et al, 2013). However, no detailed taxonomic
description of these animals was found in most studies
that use the collectively called “pig-tailed macaques”
(Agy et al, 1992; Batten et al, 2006; Bosch et al, 2000).
We previously demonstrated that northern PTM express
TRIM5-CypA fusion gene, resulting in its sensitivity to
HIV-1 and improving the application value of these new
laboratory animals in HIV/AIDS research (Kuang et al,
2009). We also provided the reference values of immunoglobulins, complements, C reactive protein (CRP),
hematological and biochemical indexes of north PTM,
and elucidated that gender, age and weight can influence
these indexes (Pang et al, 2013; Zhang et al, 2014).
However, the lack of the immune system characteristics
of northern PTM may have restricted its application as
AIDS animal models. Here we evaluated the absolute
number and the expression of activation or differentiation related markers of major lymphocyte subpopulations in 62 male and female northern PTMs ranging
from 2 to 11 years of age, and compared the lymphocyte
subpopulations of PTM with those of the most widely
used ChRM.
Serving as a major risk factor of morbidity and
mortality for many infections caused by various pathogens, age influences the immune system in both human
and non-human primates (NHP) (High, 2004). Wiener et
al (1990) found that the absolute number of both CD19+
B cells and CD3+ T cells decreased while the absolute
number of CD4+ and CD8+ T cells and the CD4/CD8
ratio were well maintained with increasing age. The
following Swedish OCTO immune longitudinal study
showed decreased CD4 subset, increased CD8 subset,
and a lower CD19+ B cell percentages in aged population
(Ferguson et al, 1995). Fagnoni et al (1996) reported a
decrease in the absolute number of both CD4+ and CD8+
T cells in people older than 60 years. However, no age
Zoological Research

correlations of the absolute or relative cell numbers of
lymphocyte subpopulations were found in recent study
(Klose et al, 2007). Although the results were contradictory in these studies, a widely accepted theory
suggests that aging is characterized by the decline in B
cell numbers and an accumulation of CD8+ T cells rather
than a loss of CD4+ T cells in peripheral blood (Frasca et
al, 2008; Koch et al, 2007). On the other hand, Studies
have suggested that aging is associated with numerous
alterations in innate immunity which is the first line of
defense against pathogens and plays a key role in
regulating the responses of adaptive immunity (Shaw et
al, 2010). Positive correlations were observed between
age and CD16+CD56+ NK cell numbers, and it is
generally accepted that the CD56dim peripheral NK cell
population expands with age (Jiao et al, 2009; Mahbub et
al, 2011). Tollerud et al (1989) evaluated the influence of
age, race, and gender on the immune system, and did not
observe age related effects for CD14+ cells. However,
other recent research reported that the number of
monocytes was significantly higher in the elderly than in
the young group (Della Bella et al, 2007).
Because they share greater genetic and physiological
similarities with humans than rodent models, NHP has
been used for biomedical research for several decades.
Most of our understanding of the immune system in Old
World monkeys comes from studies utilizing rhesus
macaques (Messaoudi et al, 2011). However, only few
reports focused on the age-related changes in the
immune system of PTM, especially northern PTM.
Asquith et al (2012) measured age-related changes in T
cell homeostasis in Indian rhesus macaques (InRM)
ranging from 1 to 30 years old, and indicated that the
frequency of CD8+ T cells expands with age while the
frequency of CD4+ T cells remains stable, whereas agerelated changes of the absolute number of both CD4+ and
CD8+ T cells were not found in InRM (Didier et al,
2012). The CD4/CD8 ratio in juvenile InRM is
approximately 2, and starts to decline after the first 2
months of life, whereas no further decline is detected
between 5 and 7 years of age (Dykhuizen et al, 2000).
Similarly, B cells in RM are identified based on the
expression of CD20 and HLA-DR, and show a sharp
decrease during aging (Didier et al, 2012). Early studies
indicated that the number of circulating CD56+CD16+
NK cells in RM reduces with age (Coe & Ershler, 2001).
However, highly different from humans, NK cells in
peripheral blood of macaques express high levels of
www.zoores.ac.cn
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CD8α and almost all of them express NKG2A, but do
not express CD56, which make them a CD3-CD8α+
NKG2A+ phenotype (Hong et al, 2013). A recent study of
rhesus macaques ranging from 2 to 24 years old did not
find any correlation between the circulating NK cells and
age (Didier et al, 2012). Though the frequency of
circulating monocytes increases in InRM older than 5
years, the numbers of these cells reduces with aging
(Asquith et al, 2012).
It has been reported that CD38+HLA-DR+ subset
within CD8+ T cells has a strong positive correlation with
HIV-1 disease progression and CD38+HLA-DR+ CD4+ T
cells are highly susceptible to infection with R5-tropic
virus because of elevated CCR5 expression (Kestens et
al, 1992; Meditz et al, 2011). CCR5 plays an essential
role in HIV pathogenesis as a main co-receptor
responsible for viral transmission. CCR5+CD4+ T cells
are the target of R5-tropic virus and peripheral blood
CCR5+CD8+ T cells accumulate during HIV infection
(Brenchley et al, 2004). In addition, a loss in the
expression of CD21 and IgD, and increased levels of
activation markers, including CD80 and CD86, on circulating B cells are suggested be linked to HIV viremia
(Moir & Fauci, 2008). Klatt et al (2012) demonstrated
that higher pre-infection levels of immune activation
than RM may contribute to rapid disease progression in
PTM. Thus it is also necessary to examine these in both
healthy humans and laboratory animals. The frequency
of CCR5+ cells within CD4+ T cells in northern PTM
(3.79±1.93%) was the lowest compared to Sunda PTM
(14.54±6.3%) and RM (7.76±4.8%) (Klatt et al, 2012).
The frequency of CD38+HLA-DR+ cells was 4.4±2.5%
for CD4+ T cells and 14.5±7.0% for CD8+ T cells in
healthy human as compared with 1.64±0.79% and
4.59±1.93% for CD4+ and CD8+ T cells, respectively,
from northern PTM and 3.03±2.84% for CD8+ T cells
from rhesus macaques (Brignolo et al, 2004; Onlamoon
et al, 2005). Elevated levels of CD21- B cells are
believed to account for the poor proliferative responses
of B cells. This population is significantly expanded in
most patients with systemic lupus erythematosus (SLE)
and HIV-1 and its normal level is approximately 15% in
healthy people, 45% in CM, 46% in RM and 36% in
northern PTM (Das et al, 2011; Kling et al, 2011;
Zandieh et al, 2013). The B cells in the peripheral blood
of healthy people have an average 75% IgD+ subset,
while northern PTM have lower frequency (66%) (Klein
et al, 1998).

ChRM infected with SIV commonly have lower
plasma viral loads and develop AIDS more slowly than
InRM, whereas PTM are susceptible to many lentiviral
infections, including infection with SIV, HIV-1, HIV-2,
SHIV and stHIV-1, and their progress to AIDS after SIV
infection are also more rapid than RM (Ling et al, 2002).
A comparison of lymphocytes between ChRM and
northern PTM may provide clues to explaining this
phenomenon. Previous studies demonstrated that ChRM
experience significant age-related changes in leukocyte
subpopulations, including decreased lymphocyte
numbers, CD4+ T cell frequency and CD4/CD8 ratio,
increased CD8+ T cell frequency, but stable monocytes
(Xia et al, 2009; Zheng et al, 2014). Similarly, northern
PTM showed increased numbers of NK cells and CD8+ T
cells, reduced B cells, but stable CD4+ T cells and
monocytes in our study. In addition, northern PTM also
showed higher CD4+ T cell frequency but fewer CD8+ T
cells and CD21- B cells than ChRM.
The sex effects on circulating lymphocytes have
been reported in both humans and NHP. Uppal et al
(2003) demonstrated that women have a higher number
and frequency of CD4+ T cells, whereas men have a
higher frequency of CD8+ T cells. However, no
differences in circulating B cells, NK cells and CD14+
cells were found between men and women (Choong et al,
1995; Tollerud et al, 1989). However, the influence of
sex on the leukocytes in macaques is less clear.
Tryphonas et al (1996) revealed significant gender
differences in the CD4+ T cell percentage (females>
males) and CD4/CD8 ratio (females>males) of infant
CM. Recent studies on circulating lymphocytes in InRM
did not find differences between males and females
(Asquith et al, 2012; Didier et al, 2012). However, our
previous study revealed that female ChRM have higher
counts of CD4+ T cells, CD8+ T cells, B cells and NK
cells than males (Xia et al, 2009). In this study, northern
PTM also showed numerous gender differences in
leukocytes and activation markers, and males may have
stronger immune response due to their higher levels of
CD8+ T cells, B cells and NK cells than females. However, further work is required to determine the characteristics of immune function between males and females.
In summary, the present study not only provided
data on the immunological characteristics of the
leukocyte subpopulation, but also demonstrated age and
sex effects on those in northern PTM. Moreover, the
comparison of northern PTM with ChRM provided clues
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to understanding the big differences between these two
species when infected with HIV-1 or SIV.
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