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Abstract

Background: Intravenous drug users (IVDUs) are among the high-risk groups who are most vulnerable to HIV infection. 
Several illicit drugs alter host immune function with increased incidence of infections including that of HIV. Many studies 
of the immune response of NK cells in HIV-1 seronegative IVDUs and HIV-1 seropositive IVDUs have been published 
from the Western countries and yet no data is available from Thailand.

Objective: To determine natural killer cell cytotoxicity and lymphocyte subsets in Thai HIV-1 infected intravenous drug 
users.

Methods: The NK cell cytotoxic function was determined using our well-established EGFP-K562 flow cytometric assay 
in 30 IVDUs with HIV-1 infection (IVH) comparing with those from the same number of non-infected IVDUs (IVX),  
HIV-1 seropositive individuals (HIV-1+ve) and healthy controls. The percentage and the absolute number of NK cells, 
helper CD4+ T cells and cytotoxic CD8+ T cells were also investigated.

Results: Among the study groups, IVH showed not only the lowest percentage of lytic activity by NK cells, but also a  
decline in the percentage and absolute count of NK cells. A decline in helper CD4+ T cells and an increase of cytotoxic  
CD8+ T cells of IVH group when compared to those of other 3 groups were also demonstrated.

Conclusions: The failure of innate immune NK cell function and their number in IVH may support the involvement of 
additional components of the immune system in the control of HIV-1 disease.

Keywords: NK cells; NK cell cytotoxicity; CD4+ T cells; CD8+ T cells; HIV-1; intravenous drug users

From:
1 Department of Microbiology, Faculty of Medicine Siriraj Hospital, 

Mahidol University, Bangkok, Thailand
2 The Public Health Center 3 (Bang Sue), Health Department, Bangkok 

Metropolitan Administration, Bangkok, Thailand
3 Center of Excellence for Flow Cytometry, Department of Research and 

Development, Faculty of Medicine Siriraj Hospital, Mahidol University, 
Bangkok, Thailand

Introduction
Human immunodeficiency virus (HIV)/AIDS is still a 

major global health problem with an estimated 35.3 million  
people are living with HIV.1 In Thailand, more than 1 million  
of HIV-1 infected people were reported in 2015.2 Of the  
estimated 440,000 people living with HIV, the relatively high  
levels of prevalence were in men who have sex with men,  
transgender people, male/female sex workers and their part-
ners, migrant workers and intravenous drug users (IVDUs). 

Interestingly, the HIV-1 prevalence among the Thai IVDUs  
has the highest HIV-1 prevalence (about 30-50%) comparing  
to other risk groups of HIV-1 infection3 with predominantly  
a CRF01_AE subtype.4-6 It has been known that illicit drugs  
alter immune unction and decrease host resistance to microbes  
with increased incidence of infections or immune disorders in  
humans, including infection with HIV and disease progression 
to AIDS.7,8



Immunophenotyping staining of peripheral blood samples
Percentages and absolute cell numbers of NK cells (CD3-

CD16+CD56+), helper CD4+T cells (CD3+CD4+) and cytotoxic 
CD8+T cells (CD3+CD8+) were determined by standard TriT-
ESTmethod20,21 using BD Tritest™ monoclonal antibody (mAb) 
reagents. Briefly, ten μl of TriTEST 3-color mAb reagents were 
mixed with 50 μl of EDTA-anticoagulated whole blood and  
incubated for 20 min at room temperature in the dark before 
adding 450 μl of FACS Lysing Solution (BDB). After an  
incubation time of 15 min, the cells were washed at 1,400 
rpm for 5 min. The cell pellet was resuspended in 300 µl of  
1% paraformaldehyde and kept at 2-8°C until analysis by  
FACSCalibur flow cytometer (BDB). Percentages of NK cells, 
helper CD4+ T cells and cytotoxic CD8+ T cells were obtained 
by using CellQuestTM Analysis software (BDB). The absolute 
cell numbers of these lymphocyte subsets were determined by 
multiplying the percentage of each subset with the absolute  
lymphocyte counts from the CBC.

Preparation of effector cells 
Peripheral blood mononuclear cells (PBMCs) from each 

ACD blood sample were separated by standard ficoll-hypaque 
density gradient centrifugation, washed three times with 0.2 M 
phosphate buffered saline (PBS) and resuspended in freezing 
medium containing 60% RPMI 1640 (Gibco Laboratories, 
Grand Island, NY, USA), 30% fetal bovine serum (FBS, Gibco 
Laboratories) and 10% dimethyl sulfoxide (Sigma-Aldrich  
Corp, MO, USA). Aliquots of PBMCs at a density of 5x106 
cells/ml were cryopreserved in liquid nitrogen until use. One 
day prior to the experiment, PBMCs were thawed and added 
to 100 mm polystyrene tissue culture plates (Griener Bio-One 
GmbH, Frickenhausen, Germany) and incubated overnight  
at 37°C with 5% CO2 to deplete adherent monocytes. The non 
-adherent lymphocytes were collected and resuspended at a 
density of 1x106 for use as effector cells in the NK cell cytotox-
icity assay.

Preparation of target cells
The EGFP-K562 cell line was prepared as previously de-

scribed19 and used as targets for measuring NK cell cytotoxicity 
by flow cytometry. This cell line was cultured in growth  
medium containing RPMI 1640 supplemented with 2 mM  
L-glutamine (Gibco Laboratories), 100 µg/ml streptomycin 
(Gibco Laboratories), 100 IU/ml penicillin (Gibco Laborato-
ries), and 10% heat inactivated FBS (Gibco Laboratories) and 
400 µg/ml of neomycin analogue G-418 (Roche Diagnostics, 
IN, USA). Prior to the experiment, the target cells were  
resuspended in growth medium at a density of 1x105 cells/ml.

NK cytotoxicity flow cytometry assay
The EGFP-K562 flow cytometric assay for measuring NK 

cytotoxicity was based on a method previously described.19 
Briefly, four hundred microliters of PBMCs as effector cells at 
a density of 1×106 cells/ml were added into individual round
bottom 12×75 mm polystyrene (Falcon) tubes (BDB) with 
2-fold serial diluted in 10% RPMI 1640 growth medium. Fifty
microliters of EGFP-K562 target cells as a density of 1×105 
cells/ml were added into each tube to yield the effectors per 
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Human natural killer (NK) cells are large granular lympho-
cytes of the innate immune system.9 NK cells are recognized  
as a subset of cytotoxic innate lymphoid cells which play a role 
in the killing of tumor and virus-infected cells and participate 
in shaping the adaptive immunity by secretion of cytokines.10 
NK cells are cytotoxic with small granules in their cytoplasm 
contain proteins such as perforin and proteases known as 
granzymes, these proteins are released when they encounter 
with an infected cell by inducing either apoptosis or osmotic 
cell lysis.11,12 NK cells can also recognize and lyse target cells 
by antibody dependent cell-mediated cytotoxicity (ADCC). 
The increased risk for the disease progression in HIV-infected  
individuals are associated not only with the low number of the 
NK cells but also with the defect in their cytotoxic activity11 and 
also with decline of helper CD4+ T cells and the accumulation of 
cytotoxic CD8+ T cells.13,14

Although there are many studies of the innate immune  
response of NK cells in HIV-1 seronegative IVDUs and HIV-1 
seropositive IVDUs,15-18 the study of NK cells due to the HIV-1 
infection and/or intravenous drug abuse in Thais has not 
been conducted. In this study, we used our well-established  
enhanced green fluorescent protein (EGFP)-K562 flow cyto-
metric method19 for measuring the NK cell function in IVDUs 
with HIV-1 infection (IVH). Results were also compared with 
those from HIV-1 infected individuals (HIV-1+ve) and non 
-infected IVDUs (IVX) as well as healthy individuals.

Methods
Study population and blood samples

Thirty HIV-1 uninfected IVDUs, 22 males and 8 females, 
and 30 HIV-1 infected IVDUs, 24 males and 6 females, at  
Public Health Center 3 (Bang Sue), Health Department,  
Bangkok Metropolitan Administration were enrolled in this  
study with written informed consents. All volunteers were  
documented to have treatment for drug addiction. All 30  
HIV-1 infected IVDUs had previously tested once for HIV-1  
antigen in saliva at this center. Fresh venipuncture Acid citrate 
dextrose solution B (ACD, Becton Dickinson Biosciences 
{BDB}, CA, USA) blood samples and Tripotassiumethylenedi-
amine tetra-acetate (K3EDTA, BDB) blood samples from each 
subject were collected. Complete blood counts (CBC) of each 
blood sample was performed at the laboratory of Department  
of Clinical Pathology, Faculty of Medicine Siriraj Hospital  
by using automate hematological analyzer Sysmex XE-5000  
(Sysmex Corporation, Kobe, Japan).

Leuko-pak and K3EDTA blood from 30 asymptomatic  
HIV-1 infected blood donors, 22 males and 8 females, were 
kindly provided by the Department of Transfusion Medicine, 
Faculty of Medicine Siriraj Hospital and Thai Red Cross.  
Thirty healthy HIV-1 seronegative blood subjects, 23 males  
and 7 females were also recruited from the blood bank donors. 
All samples obtained had no donor identifiers. There were no 
differences in the base line characteristics of all 4 study groups, 
i.e., age, sex ratio.

This study was approved by Ethics Committee of the Bang-
kok Metropolitan Administration for IVDUs subjects (No. 
147-2009) and Institutional Review Board, Faculty of Medicine 
Siriraj Hospital (COA: Si031/2007) for all samples.
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target cells (E/T) ratios of 80:1 and 40:1. All sample tubes
were mixed and incubated at 37°C with 5% CO2 for 4 hours.  
After incubation, propidium iodide (PI) (Sigma-Aldrich Corp)  
solution at a concentration of 100 µg/ml was added into the 
tubes to stain compromised or dead cells and then the tubes 
were incubated at room temperature for 10 minutes. The  
cytotoxic activity of NK cells to lyse target cells was measured 
by using a FACSCalibur flow cytometer (BDB). For measuring 
the percent lysis of NK cytotoxicity, exactly 2×104 events per test 
sample were examined and no gating was used for acquisition. 
The threshold for side scatter (SSC) was set on the linear scale 
to discriminate the debris and dead cells. Two parameters of  
the forward and side scatter (FSC/SSC) dot plots signals were 
analyzed by using CELLQuest™ software (BDB) (Figure 1A). 
The EGFP versus PI data were obtained to evaluate live and 
dead target cells using log scale of green fluorescent (FL1) or
EGFP in the X axis and the log scale of red fluorescent (FL2) 
or PI in the Y axis (Figure 1B). The strong green fluorescent at 
the lower right (LR) quadrant were identified as the live target 
cells whereas the red and green fluorescent on the upper right

Figure 1. Representative flow cytometric two-parameter dot-plots on NK cytotoxicity test showing Forward Scatter (FSC) vs. 
Side Scatter (SSC) of NK (effector) cells and EGFP-K562 (target) cells A) and logarithmic EGFP vs. propidium iodide expression 
of live and dead effector vs. target cells (B). Cells at the lower right (LR) quadrant are lived target cells whereas the red and 
green fluorescent on the upper right (UR) quadrant are dead target cells. Cells at the upper left (UL) quadrant are defined as the  
autodamaged or potentially lysed effector cells or target cells with decreased EGFP whereas the lower left (LL) quadrant represents 
the living effecter cells or living target cells with weak green fluorescence.

(UR) quadrant were identified as compromised or dead target
cells. The red fluorescence on the upper left (UL) quadrant 
were defined as the autodamaged or potentially lysed effector 
cells or target cells with decreased EGFP whereas the lower 
left (LL) were considered to be the living effecter cells or living 
target cells with weak green fluorescence. Effector cells alone  
and target cells alone stained with PI were used as controls.  
The percentage of target cell lysis was calculated by using the  
following formula: % Lysis = (UR/UR+LR) × 100.

Statistical analysis
Statistical analysis in this study was conducted on SPSS  

software version 11.5 (SPSS Inc., NY, USA). Statistical signif-
icance within group was analyzed by Shapiro-Wilk test and 
statistical significance between groups was analyzed with one 
-way ANOVA test. The significant level of each test between
groups was adjusted by multiple testing using Bonferroni  
and Tamhane correction for homogeneity and heterogeneity  
of variance, respectively. The significant threshold of four  
comparisons of each test was set at p value < 0.05.
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Results
Characteristics of study populations

Characteristics of Thai HIV-1 seronegative individuals 
(Healthy), HIV-1 seronegative IVDUs (IVX), HIV-1 seropos-
itive individuals (HIV-1+ve) and HIV-1 seropositive IVDUs 
(IVH) in this study were shown in Table 1. Healthy group did 
not have any vaccination at least one year prior to this study. 
In IVX group, there was only one participant with history of 
Hepatitis B virus infection. All subjects in IVH group had  
received tenofovir as antiretroviral drugs. All IVDUs subjects 
had history for multiple intravenous and inhalation drug  
behaviors. Their drugs used within the 3-month period prior 
to blood collection were mainly heroin, methamphetamine, 
domicum and cannabis for both IVX and IVH groups. Within 
the IVX group, the percentage of participants that used  
injecting drugs was 66% heroin, 52.4% methamphetamine  
and 28.6% domicum, and inhalation drugs was 68.8%  
methamphetamine and 56.3% cannabis (Table 1). For the IVH 
group, the percentage was 37.5% heroin, 58.3% methamphet-
amine and 54.2% domicum, and inhalation drugs was 83.3% 
methamphetamine and 61.1% cannabis (Table 1).

Percentages and absolute counts of NK cells, helper CD4+ T 
cells and cytotoxic CD8+ T cells in the study populations

Mean percentages and absolute counts of each lymphocyte 
subset among the study populations were compared and shown
in Table 2. The mean percentages of helper CD4+ T cells of IVH

Group Subjects Age (yrs)
Mean ± SD

Gender Injecting drug (%) Inhalation drug (%)

Male Female Heroin Methamphetamine Domicum Methamphetamine Cannabis

Healthy 30 30 ± 6.7 23 7 - - - - -

IVX 30 39 ± 6.9 22 8 66.6 52.4 28.6 68.8 56.3

HIV-1+ve 30a 31 ± 9.1 22 8 - - - - -

IVH 30b 39 ± 8.1 24 6 37.5 58.3 54.2 83.3 61.1

Table 1. Demographics and characteristics of the study populations.

IVX = HIV-1 seronegative IVDUs; IVH = HIV-1 seropositive IVDUs
a unknown history of antiretroviral drug treatment; b all subjects received tenofovir as antiretroviral drugs.

Parameter
Mean±SD

p-value
Healthy gr. IVX gr. HIV-1 +ve gr. IVH gr.

Helper T cells
%
cells/µl

33.25 ± 5.58
 784 ± 261

36.39 ± 8.78
1104 ± 526

22.39 ± 9.71*
732 ± 581

19.99 ± 6.36*
 358 ± 206**

≤0.05
 ≤0.001

Cytotoxic T cells
%
cells/µl

30.61 ± 6.07
 657 ± 268

26.07 ± 8.16
 757 ± 390

 49.38 ± 13.21*
1380 ± 874*

51.09 ± 9.52*
948 ± 406

≤0.05
≤0.05

NK cells
%
cells/µl

18.99 ± 5.30
 458 ± 189

15.62 ± 7.74
 451 ± 303

14.55 ± 10.87
380 ± 320

11.10 ± 6.47$

 188 ± 115**
≤0.05
≤0.05

Table 2. Comparison of percentages and absolute counts of helper T cells (CD3+CD4+), cytotoxic T cells (CD3+CD8+) and NK 
cells (CD3-CD16+CD56+) in the 4 study groups.

* Statistical difference when compared to the Healthy and IVX groups.
** Statistical difference when compared to the Healthy, IVX and HIV+ve groups.
$ Statistical difference when compared to the Healthy group.

group and HIV-1+ve group were significantly lower than those 
of IVX group and healthy group. No statistically significant 
difference among the two HIV-1 infected groups (IVH group 
vs. HIV-1+ve group) and among the two HIV-1 seronegative 
groups (IVX group vs. healthy group) were found. The mean 
absolute counts of helper CD4+ T cells from IVH group were 
significant decreased (p ≤ 0.001) when compared with those 
from HIV-1+ve, IVX, and the healthy groups. Interestingly, the 
absolute counts of helper CD4+ T cells from IVX group were 
significantly higher than those of healthy and HIV-1+ve groups 
(p value ≤ 0.05) while those of healthy and HIV-1+ve groups 
were comparable.

For cytotoxic CD8+ T cells, the mean percentages in HIV-1 
+ve group and IVH group were significantly higher (p ≤ 0.05) 
than those of healthy group and IVX group. No statistically  
significant differences among the HIV-1+ve and IVH groups 
and among the IVX and healthy groups were seen (Table 2). 
Comparison of the absolute counts of cytotoxic CD8+ T cells
among the study groups showed that HIV-1+ve group had 
a significant increase (p ≤ 0.05) in the absolute counts when  
compared with those of IVH, IVX and the healthy groups. 
Moreover, no significant difference among the healthy, IVX and 
IVH groups were observed.

Among the study groups, the mean percentage of NK cells 
was significantly decreased (p ≤ 0.05) in IVH group when  
compared to those from healthy group but did not show any  
significant difference to those of HIV-1+ve group and IVX
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group. No significant differences in mean percentages of NK 
cells were found among the HIV+ve, IVX and the healthy 
groups (Table 2). For the absolute counts of NK cells, the IVH 
group showed significant decrease (p ≤ 0.05) in the absolute 
counts when compared with those of HIV+ve, IVX and the 
healthy groups. No significant differences among the healthy, 
IVX and HIV-1+ve groups were found.

NK cell cytotoxicity in the study populations
Comparison of the mean percentages of EGFP-K562 target 

cell lysis at the E:T ratios of 80:1 and 40:1 by NK cells from the 
4 study groups showed that the IVH group showed significantly 
decreased of NK cytotoxicity (p ≤ 0.05) at the E:T ratio of 
80:1 and 40:1 when compared to the other groups (Table 3).  
Interestingly, the mean lysis percentages of NK cytotoxicity 
in IVX group at both E/T ratios were significantly higher (p 
≤ 0.05) than those in HIV-1+ve, IVH and the healthy groups,  
particularly at E:T ratio of 80:1. Moreover, no difference of the 
mean percentages lysis activity between the healthy and the 
HIV-1+ve groups were shown.

E/T ratio
Mean±SD of % lysis of NK cytotoxicity in

p-value
Healthy gr. IVX gr. HIV-1 +ve gr. IVH gr.

80:1 41.78 ± 7.99 52.02 ± 13.68  41.06 ± 11.23 33.77 ± 10.02* ≤0.05

40:1 30.91 ± 8.77 35.58 ± 15.40 29.64 ± 8.29 23.20 ± 9.71* ≤0.05

Table 3. Comparison of NK cytotoxicity function in the 4 study groups.

* Statistical difference when compared to the Healthy, IVX, and HIV+ve groups.

Discussion
It is estimated that worldwide there are almost 13 million 

people who are IVDUs. Out of these nearly 2 million, or 
15%, are also living with HIV which is typically far greater 
than it is among the rest of the adult population, with IVDUs  
bearing a 28 times higher prevalence.22 In Thailand, there were  
an estimated 440,000 people living with HIV in Thailand in 
2015 with an estimation of adult HIV prevalence of 1.1% out 
of Thailand’s population of more than 60 million. Among 6,900 
new HIV infections in 2015, unsafe injecting drug use is the 
second biggest transmission route which account for 12%.23 
During HIV-1 infection several immunological abnormalities 
have been found in IVDUs.5,8 It has been known that the  
increased risk for the disease progression in HIV-infected  
individuals is associated with the decline of helper CD4+ T  
cells and the accumulation of cytotoxic CD8+ T cells with  
a more rapid helper CD4+ T cell decline among HIV-1  
infected IVDUs.24 Biological factors such as effect of opioids, 
co-infection with other diseases such as TB or hepatitis C, even a  
difference in tropism with virulent strain of HIV transmitted 
among the IVDUs are all responsible for the faster decline 
in helper CD4+ T cells.25,26 A decline in both percentages and  
absolute counts of helper CD4+ T cells with marked increases
in percentages and absolute counts of cytotoxic CD8+ T cells in 
our IVH group support the above findings. Although there was 
no history of how fast the decrease of helper CD4+ T cells in 
our IVH group as only one blood sample at one time point was  
obtained, our IVH group showed more helper CD4+ T cell 

decline than those in HIV+ve group. This may indicate 
the problems with an irregular adherence to antiretroviral 
drugs, loss of follow-up or lower access to health services 
in our IVH group. Unlike the decline helper T cells found in 
IVH group, our HIV+ve group showed higher helper CD4+ 
T cell counts than the IVH group implying that there was a  
good suppressing HIV replication in these asymptomatic  
HIV-1 infected blood donors. Unfortunately, the history of  
antiretroviral drug treatment was not available for this group. 

NK cells have been described for the innate mechanism 
as the first line defense against HIV-1 infection and may help  
mediating adaptive immune responses.10-12 It has been shown 
that NK cell effect or function that mediated NK cell  
cytotoxicity are impaired during the course of HIV-1 disease26 
but enhanced during HIV-1 viremia.27 Previous studies on the 
NK profiles from the cohort of HIV-1 exposed, uninfected  
IVDUs demonstrated the enhancement of NK activity, high 
NK activation as represented by CD38+ cells, and the CD4 
and CD8 cell-mediated resistance to HIV-1 infection.18,28,29  
However, there is limited information available regarding the 
effect of HIV-1 infection on the NK profile in Thai IVDUs. 
Our NK cytotoxicity study in IVDUs showed significantly  
decreased of lysis activity in IVH group when compared to  
those of healthy, HIV-1+ve and IVX groups. When defining 
the percentage and absolute count of NK cells, our study 
showed significant decrease of both the percentage and the  
absolute count of NK cells in IVH group when compared 
to those of healthy, HIV-1+ve and IVX groups. This data  
suggested the inverse effect to the NK cell numbers due to  
HIV-1 infection along with the use of injecting drugs. Our  
findings also support that the drug abuse has immune-mod-
ulating effects which could alter the progression of HIV  
infection.30,31

Of interest is that the NK functional activity in our IVX 
group was significantly increased when compared to the  
other 3 groups. The increased NK cell lysis activity in the  
IVX who are a high-risk group, could due to different  
mechanisms related either to immune responses and/or to 
genetic background contribute to the resistance to infection in 
the highly exposed but uninfected (EU) IVDUs. Our results 
support the contentions of enhanced innate immune cell  
function in EU individuals especially when compare with  
IVDUs who became HIV-1 infected.28 There was no difference  
of the mean percentages NK celllys is activity between the 
healthy and the HIV-1+ve groups. This may be due to the  
asymptomatic stage of our HIV+ve individuals whose NK
cell functions were still normal. When defining the percent-
age and absolute count of NK cells, our study demonstrated 
that not only there was no significant difference of the mean
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