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Abstract. Lymph node (LN) fibrosis resulting in cluster of 
differentiation (CD) 4+ T cell reduction following human 
immunodeficiency virus (HIV) infection is an important 
step in the pathogenesis of acquired immunodeficiency 
syndrome. The mechanisms mediating LN fibrosis following 
HIV infection have not been completely elucidated. In order 
to investigate the mechanism of LN fibrosis, the expression 
of transforming growth factor (TGF)‑β1 was determined 
in the LNs of HIV‑infected individuals by immunohis-
tochemistry and fluorescence‑based flow cytometry. The 
effect of stimulated CD8+ T cells on collagen secretion by 
fibroblasts was detected using immunofluorescence staining 
and western blot analysis. The results demonstrated that the 
LNs of HIV‑infected individuals exhibited a significantly 
increased proportion of CD8+ T cells with high TGF‑β1 
expression. These CD8+ T cells demonstrated increased 
CD38 and programmed cell death protein 1 expression and 
decreased CD127 expression compared with the controls. 
CD8+ T cells from the LNs of non‑HIV infected individuals 
expressed a high TGF‑β1 level following stimulation with 
phorbol‑12‑myristate 13‑acetate. These CD8+T cells subse-
quently induced the secretion of a large amount of type I 
collagen in human lymphatic fibroblasts. The results of the 

present study indicated that CD8+ T cells with high TGF‑β1 
expression served an important role in LN fibrosis following 
HIV infection.

Introduction

The cause of the progressive depletion of (cluster of differ-
entiation) CD4+ T cells in human immunodeficiency virus 
(HIV)‑infected people is one of the most fundamental and 
controversial issues in HIV/acquired immunodeficiency 
syndrome (AIDS) research. Multiple mechanisms have been 
proposed to explain this depletion, including direct HIV 
cytopathicity  (1), antigen‑specific cytotoxic lymphocyte 
(CTL)‑mediated lysis (2), suppressed thymic function (3‑5) 
and chronic immune activation (6‑8) resulting in increased 
rates of apoptosis, and cell turnover which consumes 
naïve and memory CD4+ T cell‑pools. Previous studies 
have suggested that lymph node (LN) fibrosis following 
HIV infection is an important mechanism underlying the 
pathogenesis of HIV/AIDS. As an important member of 
lymphatic tissues, LNs are pivotal in the maintenance of 
immune homeostasis as well as the survival, proliferation 
and differentiation of lymphocytes (9‑13). Immune activation 
and inflammation subsequent to HIV infection may cause the 
deposition of excess collagen in the LNs, which inhibits the 
interaction of lymphocytes with antigen presenting cells and 
cytokines, and compromises lymphocyte survival as well as 
the immune response.

Fibrotic diseases can occur in various organs, including 
the lung and liver (14). Although multiple mechanisms may 
contribute to the fibrogenic process, TGF‑β1 is considered 
to serve a central role in inducing fibroblasts to synthesize 
collagen (15). As a multifunctional and potent regulatory cyto-
kine, TGF‑β1 can be expressed on diverse cell types, including 
T cells, B cells, macrophages, natural killer cells and dendritic 
cells (16‑19). In the present study, the mechanism underlying 
collagen deposition in the LNs following HIV infection was 
investigated by measuring TGF‑β1 expression in the lympho-
cytes of asymptomatic HIV carriers and AIDS patients. The 
results of the present study have expanded the understanding 
of the pathogenesis of AIDS.
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Materials and methods

Patients. The present study recruited patients who were diag-
nosed with HIV infection and had received LN biopsy at the 
Fourth People's Hospital of Nanning (Nanning, China) and 
the 302 Military Hospital of China (Beijing, China) between 
October 2009 and March 2015. A total of 32 patients were 
included in this study (neck, n=18; armpit, n=12; groin, n=2). The 
patients were divided into asymptomatic HIV carriers (n=10; 
HIV infection for >6 months and CD4+T cells >200/mm3) and 
AIDS patients (n=22; HIV infection for >6 months and CD4+T 
cells <200/mm3). HIV infection was caused by heterosexual 
sex (n=19), homosexual sex (n=8) or intravenous infusion (n=5). 
Patients with opportunistic infection were excluded. None of the 
patients received anti‑viral therapy. In addition, superficial LNs 
were also collected from subjects without HIV infection (n=10) 
between February 2010 and December 2014 in the 302 Military 
Hospital of China (Beijing, China). Reactive hyperplasia was 
diagnosed in these subjects by pathological examination.

Informed consent was obtained prior to the present study 
and the study protocol was approved by the Ethics Committee 
of The Fourth People's Hospital of Nanning (Nanning, China), 
and the Ethics Committee of 302 Military Hospital of China 
(Beijing, China). The clinical characteristics of study subjects 
are illustrated in Table I.

Processing of LNs. Superficial LNs were collected surgically 
and divided into 2 parts: One part was cut into blocks and 
ground using a 100‑mesh (pore size: 150‑µm), filtered, and 
then transferred into Hanks solution containing 2% fetal calf 
serum (FCS; Gibco; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA). The filter was washed with Hanks solution 
containing 2% FCS. The resultant solution was collected and 
centrifuged at 700 x g for 15 min at room temperature (RT). 
The supernatant was removed and the pellet was collected and 
re‑suspended in 10 ml phosphate‑buffered saline (PBS). This 
suspension was then layered onto Ficoll‑Hypaque solution and 
lymphocytes were centrifuged at 400 x g for 35 min at RT. The 
remaining LNs were fixed in 4% paraformaldehyde for 48 h at 
RT and embedded in paraffin at a thickness of 4 µm.

Immunohistochemistry. Immunohistochemistry was 
performed with anti‑TGF‑β1 antibody (1:50; cat. no. ab190503; 
Abcam, Cambridge, UK), anti‑forkhead box p3 (Foxp3) anti-
body (1:200; cat. no. ab4728; Abcam) and anti‑CD8 antibody 
(1:250; cat. no.  sc‑7188; Santa Cruz Biotechnology, Inc., 
Dallas, TX, USA) using the streptomycin avidin‑peroxidase 
(SP) method. Sections were first deparaffinized and hydrated. 
Sections were subsequently boiled, maintained at sub‑boiling 
temperature for 15  min, washed twice in deionized H2O 
and cooled for 30 min at RT. Sections were incubated with 
0.3‑1.0% H2O2 in methanol to inactivate endogenous peroxi-
dase. Specimens were blocked in 5% FCS (Gibco; Thermo 
Fisher Scientific, Inc.) for 30 min at RT, and incubated with 
the appropriate antibody at 4˚C overnight. Sections were then 
incubated with horseradish peroxidase (HRP)‑conjugated 
goat anti‑rabbit (cat. no. ab205718; 1:20,000; Abcam) or goat 
anti‑mouse (cat. no. ab205719; 1:10,000; Abcam) secondary 
antibodies and aminoethyl carbazole (AEC) was used for visu-
alization for 5 min at RT. The slides were observed with a light 

microscope (magnification, x200; Olympus CX31; Olympus 
Corporation, Tokyo, Japan). Positive cells were stained red. 
The double enzyme‑double substrate method was used for 
double staining. Cells positive for 5‑bromo‑4‑chloro‑3‑indolyl 
phosphate (BCIP)/nitroblue‑tetrazolium (NBT) were blue 
and those positive for AEC were red. In the negative control 
group, the primary antibody was replaced with PBS in the 
HIV‑infected patients. Sections from non‑HIV infected 
subjects also served as controls.

Flow cytometry. Antibodies against CD3‑phycoerytherin 
(PE; 1:20; cat. no. 555340; BD Pharmingen, San Diego, CA, 
USA), CD3‑Allophycocyanin (APC; 1:20; cat. no. 555342, BD 
Pharmingen), CD4‑Peridinin Chlorophyll (Percp; 1:20; cat. 
no. 550631; BD Biosciences, San Jose, CA, USA), CD8‑Percp 
(1:20; cat. no.  347314; BD Biosciences), CD38‑fluorescein 
isothiocyanate (FITC; 1:20; cat. no. 555459; BD Pharmingen) 
and CD127‑PE (1:20; cat. no.  557938; BD Pharmingen), 
programmed cell death protein 1 (PD‑1)‑PE (1:40; cat. 
no. 329906; BioLegend, Inc., San Diego, CA, USA), Foxp3‑FITC 
(1:40; cat. no. 11‑4776‑42; eBioscience; Thermo Fisher Scientific, 
Inc.) and TGF‑β1‑APC (1:20; cat. no. IC240A; R&D Systems, 
Inc., Minneapolis, MN, USA) were used for flow cytometry. 
Lymphocytes from LNs were suspended in PBS, followed by 
cell counting. The cell density was >2.5x105/ml. Cell suspen-
sions (200 µl) were transferred into a tube and Human TruStain 
FcX blocking solution (cat. no. 422302, BioLegend, Inc.) was 
applied to reduce non‑specific staining at RT for 7 min. Samples 
were subsequently incubated with the above antibodies at RT 
for 30 min in the dark. Following the addition of 1 ml PBS, 
samples were centrifuged at 350 x g at RT for 5 min. The pellet 
resuspended in 1 ml PBS and centrifuged again at 350 x g at RT 
for 5 min. Cells were resuspended in 200 µl PBS and subjected 
to flow cytometry (FACS Aria; BD Biosciences, Franklin 
Lakes, NJ, USA). Detection of regulatory T cells (Tregs) was 
done using anti‑CD3, anti‑CD4 and anti‑Foxp3 antibodies. Cell 
membranes were permeabilized and the samples were incubated 
with anti‑Foxp3 antibody and subjected to flow cytometry.

Sorting and stimulation of CD8+T cells. Two LNs were 
collected from non‑HIV‑infected subjects and lymphocytes 
were extracted as described above. CD8+ T cells were sorted 
with CD8 MicroBeads according to the manufacturer's protocol 
(Miltenyi Biotec GmbH, Bergisch Gladbach, Germany). Flow 
cytometry with an antibody against CD8‑Percp (1:20; cat. 
no. 347314; BD Biosciences) demonstrated that the purity was 
>97%. Lymphocytes were stimulated with phorbol‑12‑my-
ristate 13‑acetate (PMA; cat. no. ab120297, Abcam) at 50 µg/ml 
at 37˚C for 6 h. The above two LNs were fixed and embedded 
as described in the LN processing section. Paraffin sections 
were subsequently stained with hematoxylin and eosin at RT 
(hematoxylin for 10 min; eosin for 2 min) and observed under 
a light microscope (magnification, x200; Olympus CX31; 
Olympus Corporation) for the pathological diagnosis of reac-
tive hyperplasia.

Detection of collagens secreted by human lymphatic 
fibroblasts. Human lymphatic fibroblasts (cat. no.  2530; 
ScienCell Research Laboratories, Inc., Carlsbad, CA, USA) 
were cultured in fibroblast medium (cat. no. 2301; ScienCell 
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Research Laboratories, Inc.). The effect of different concen-
trations of TGF‑β1 on collagen secretion from fibroblasts 
was investigated. Fibroblasts were seeded in 12‑well plates 
at a density of 2.5x105/well and incubated at 37˚C for 12 h. 
Cells were subsequently incubated for 24 h with or without 
TGF‑β1 (cat. no. 240‑B, R&D Systems, Inc.; 0.25, 0.5, 1 and 
5 ng/ml). Cells were then digested with trypsin and harvested 
for detection of type I collagen by western blot analysis. The 
effect of stimulated CD8+ T cells on collagen secretion by 
fibroblasts was also investigated. Fibroblasts were seeded in 
6‑well plates at a density of 2.5x105 cells/well, incubated for 
12 h at 37˚C and then co‑cultured with CD8+ T cells from LNs 
of non‑HIV infected individuals. These cells were divided into 
4 groups: The fibroblasts group (group a), co‑culture group of 
nonstimulated CD8+ T cells + fibroblasts (group b), co‑culture 
group of PMA stimulated CD8+ T cells + fibroblasts (group c) 
and co‑culture group of PMA stimulated CD8+ T cells + fibro-
blasts + TGF‑β antagonist (2 µg/ml; cat. no. MAB1835, R&D 
Systems, Inc.; group d). The ratio of fibroblasts to CD8+ T cells 
was 1:10. Cultures were incubated for 24 h at 37˚C and the 
presence of type I collagen was detected using immunofluo-
rescence staining and western blot analysis.

Western blot analysis. Cells were digested and centrifuged at 
350 x g for 5 min at 4˚C. The pellet was washed with PBS and 
cells were lysed with 100‑200 µl radioimmunoprecipitation 
assay lysis and extraction buffer (cat. no. 89900, Thermo Fisher 
Scientific, Inc.) at 4˚C overnight. Lysates were centrifuged at 
20,000 x g for 15 min at 4˚C and the supernatant was collected 
for detection of type I collagen using a routine western blot 
analysis as previously described (20). Anti‑type I collagen anti-
body was purchased from Abcam (1:500; cat. no. ab190503) 
and anti‑β‑actin antibody from Santa Cruz Biotechnology, Inc 
(1:200; cat. no. sc‑130065). Rabbit anti‑mouse IgG antibody 
conjugated to HRP was used as secondary antibody (1:2,000; 
cat. no. ab6728; Abcam). Relative band density was analyzed 
with Image J 1.4.3.67 software (National Institutes of Health, 
Bethesda, MD, USA).

Immunofluorescence staining. Fibroblasts were harvested from 
6‑well plates and washed thrice with PBS. The cells were fixed 
in 4% paraformaldehyde for 10 min at RT and permeabilized 
with 0.2% Triton X‑10. Cells were then blocked with 5% bovine 
serum albumin (BSA; Amresco, LLC, Solon, OH, USA) at RT 
for 30 min, followed by incubation with anti‑type I collagen 
antibody (Abcam) at 4˚C overnight. Following washing thrice 
with PBS, the cells were incubated with FITC‑conjugated 
secondary antibody (1:400; cat. no.  ab97022; Abcam) for 
30 min in the dark. Representative images were captured 
under a fluorescence microscope (magnification, x400; Nikon 
80i; Nikon Corporation, Tokyo, Japan).

Statistical analysis. Data from flow cytometry were analyzed 
with FlowJo5.7.2 software (FlowJo LLC, Ashland, OR, 
USA). Statistical analysis was performed with SPSS version 
17.0 (SPSS Inc., Chicago, IL, USA). Data with normal 
distribution and homogeneity of variance were expressed 
as the mean ± standard deviation. Comparisons were done 
with one‑way analysis of variance followed by Bonferroni's 
procedure. P<0.05 was considered to indicate a statistically 

significant difference. Western blot analysis and immuno-
fluorescence experiments were repeated three times. Flow 
cytometry and immunohistochemistry were performed once 
for every sample.

Results

TGF‑β1‑expressing cells and their distribution. To elucidate 
the mechanism of fibrosis in LNs of HIV‑infected individuals, 
TGF‑β1 expression and distribution in LNs were detected 
with immunohistochemistry. The results of the present study 
demonstrated that TGF‑β1 was expressed in a large number 
of cells in the LNs of the control group, as well as in asymp-
tomatic HIV carriers and AIDS patients. However, the border 
of TGF‑β1‑positive cells was not sharp in asymptomatic HIV 
carriers and AIDS patients compared with the control, which 
could be attributed to disorganization of LNs following HIV 
infection (Fig. 1).

Treg cells and TGF‑β1‑positive Treg cells in LNs. The role 
of Treg cells in LN fibrosis of chronic HIV infection remains 
unclear (21). In the present study, the frequencies of Treg 
cells in the lymphocytes from LNs and TGF‑β1 expression in 
these Treg cells were investigated by flow cytometry (Fig. 2). 
The results demonstrated that there was no significant differ-
ence in the frequency of Treg cells between asymptomatic 
HIV carriers and controls (8.635±1.159% vs. 8.169±1.388%; 
P>0.05), but the frequency of TGF‑β1‑positive Treg cells was 
significantly higher in asymptomatic HIV carriers compared 
with the controls (18.487±1.571% vs. 9.875±2.183%, P<0.001; 
Fig.  2A,  B,  D and  E). Patients with AIDS exhibited a 
significantly lower proportion of Treg cells (4.319±1.249%) 
compared with the other two groups (P<0.001; Fig.  2A 
and D). In addition, although AIDS patients had a signifi-
cantly lower proportion of TGF‑β1+ Treg cells compared with 
asymptomatic HIV carriers (7.691±2.321%; P<0.001), the 
level of TGF‑β1+ Treg cells were similar to the control group 
(P=0.072; Fig. 2B and E).

Furthermore, the results of the expression of TGF‑β1 and 
Foxp3, which were detected with double staining of immuno-
histochemistry in situ, demonstrated that Foxp3 and TGF‑β1 
double positive cells accounted for only a small fraction of 
TGF‑β1 positive cells, indicating that most TGF‑β1‑positive 
cells were not Treg cells (Fig. 2C).

CD8+T cells exhibit high TGF‑β1 expression in peripheral 
LNs. The above results implied that other TGF‑β‑positive cells 
could serve specific roles in LN fibrosis following HIV infec-
tion. B cells and T cells are localized in different areas in the 
LNs. Therefore, TGF‑β1 expression in the T cells of the LNs 
was determined by flow cytometry. The results demonstrated 
that the asymptomatic HIV carriers had the highest propor-
tion of T cells with high TGF‑β1 expression (12.26±2.07%), 
followed by the AIDS group (7.588±1.89%) and the control 
group (2.609±1.044%) and the difference between all 
groups was statistically significant (P<0.001; Fig. 3). In the 
asymptomatic HIV carriers and AIDS group, the cells were 
mainly CD8+T cells and accounted for 83.41±8.761% and 
82.76±6.076%, respectively, which was not significantly 
different (P>0.05). In the control group, the main type of cells 
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were CD4+ T cells, with only 33.1±4.928% of cells being CD8+ 
T cells. The asymptomatic HIV carriers and the AIDS group 
exhibited a significantly increased proportion of CD8+ T cells 
with high TGF‑β1 expression compared with the control group 
(P<0.001; Fig. 3). Double staining for CD8 and TGF‑β1 was 
performed to confirm that CD8+ T cells expressed TGF‑β1. 
The results demonstrated that a number of CD8+ T cells (red) 
were positive for TGF‑β1 (blue) in the peripheral superficial 
LNs of HIV‑infected individuals (Fig. 3E).

Association between CD8+T cells with high TGF‑β1 expression 
and the secretion of type I collagen in human lymphatic fibro‑
blasts. In order to investigate the role of CD8+ T cells with high 
TGF‑β1 expression in LN fibrosis, human lymphatic fibroblasts 
were treated with different concentrations of TGF‑β1 for 24 h 
and expression of type I collagen was detected by western blot 
analysis. The results demonstrated that TGF‑β1 upregulated 
the expression of type I collagen in a dose‑dependent manner 
(Fig. 4). Relative expression levels of type I collagen respec-
tively were 0.0033±0.0018, 0.0247±0.0085, 0.7167±0.0165, 
0.123±0.0187 and 0.3443±0.076 in the control, 0.25, 0.5, 1 and 
5 ng/ml groups, respectively. The difference between 5 ng/ml 
group and the other four groups was statistically significant 
(P<0.01).

Subsequently, CD8+ T cells from LNs of non‑HIV infected 
subjects were separated, stimulated to express TGF‑β1 at a 
high level; flow cytometry demonstrated that the CD8+ T cell 
TGF‑β1 expression increased by 1‑fold following stimulation, 
compared with no stimulation (Fig. 5A). Cells were subsequently 
co‑cultured with human lymphatic fibroblasts to investigate 
the effect of CD8+ T cells with high TGF‑β1 expression in LN 
fibrosis. Immunofluorescence staining and western blot analysis 
were conducted to detect type I collagen expression according 
to grouping described in the Materials and methods section. The 
results demonstrated a significant increase in type I collagen 
expression in the co‑culture group with stimulated CD8+ T cells 
(0.7878±0.0814) compared with three other groups (P<0.05); 
secretion of type I collagen was significantly lower in the 
fibroblasts group (0.3761±0.0812) and the co‑cultured group of 
non‑stimulated CD8+ T cells + fibroblasts (0.4945±0.057). The 
antagonist significantly inhibited type I collagen secretion of 
fibroblasts which were co‑cultured with CD8+ T cells with high 
TGF‑β1 expression (0.5473±0.0919; Fig. 5B‑D). There was no 
statistically significant difference between groups a, b and d. In 
addition, the result of immunofluorescence staining according 
to fluorescence intensity also implied that type I collagen 
expression in the co‑culture group with stimulated CD8+ T cells 
was highest (Fig. 5D; group c).

Table I. Characteristics of the subjects recruited in the present study.

Characteristic	 Control	 Asymptomatic HIV infection	 AIDS

Sex	
  Male	 8	 7	 15
  Female	 2	 3	 7
Age (years)	 37.65±8.63	 34.42±7.58	 40.33±9.41
CD4+ cells (cells/mm3)	 N/A	 288.54±21.01	 104.42±33.15
HIV load (Log10 IU/ml)	 N/A	   4.03±1.12	   5.21±1.46
Anti‑viral therapy	 N/A	 No	 No
Concomitant infection	 No	 No	 No

AIDS, acquired immunodeficiency syndrome; CD, cluster of differentiation; HIV, human immunodeficiency virus.

Figure 1. TGF‑β1 expression in the peripheral superficial LNs of the Asy, AIDS and control subjects. (A) Non‑HIV infection subjects (n=10). (B) Asy (n=10). 
(C) AIDS patients (n=22). Red, indicated by arrows, represents TGF‑β1‑positive cells (cell membrane expression; aminoethyl carbazole). A large number of 
TGF‑β1‑positive cells are observed in the LNs of the three groups, but the distribution border of TGF‑β1‑positive cells was not sharp in the asymptomatic HIV 
carriers and in AIDS patients. Magnification, x400. AIDs, acquired immunodeficiency syndrome; Asy, asymptomatic HIV carriers; HIV, human immunode-
ficiency virus; LNs, lymph nodes; TGF‑β1, transforming growth factor‑β1.
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Expression of CD38, PD‑1 and CD127 in CD8+ T cells of 
LNs from HIV‑infected individuals. To evaluate the influence 
of HIV infection on CD8+ T cells, the expression levels of 
CD127, CD38 and PD‑1 were measured in CD8+ T cells, which 
were obtained from the LNs of HIV‑infected individuals. The 

results demonstrated that the proportions of CD38‑, PD‑1‑ and 
CD127‑positive cells were 6.13±2.711, 10.242±4.603 and 
73.444±9.34%, respectively in the control group, 20.103±6.466, 
27.387±9.304 and 55.576±9.073%, respectively in the asymp-
tomatic HIV carriers, and 24.219±7.016, 21.774±5.729 and 

Figure 2. Proportion of Treg cells and TGF‑β1‑positive Treg cells in the peripheral superficial LNs of the Asy, AIDS and control groups. (A) Representative 
prevalence of Treg cells from individual subjects in the three studied groups. Foxp3, an X chromosome‑encoded fork head transcription factor family member 
is indispensable for the differentiation of Treg cells. Treg cells were gated from Foxp3+ subsets of CD3+CD4+ T cells. (B) Representative prevalence of 
TGF‑β1‑positive Treg cells from individual subjects in three studied groups. (C) Double staining of Foxp3 and TGF‑β1 from individual subjects in the 
three studied groups. Blue, Foxp3 (nucleus expression; BCIP/NBT, magnification, x400); Red, TGF‑β1 (cell membrane expression; aminoethyl carba-
zole; x400). Double positive cells for Foxp3 and TGF‑β1 are indicated by arrows. (D) Statistical analysis of the frequency of CD3+CD4+Foxp3+ Treg and 
(E) CD3+CD4+Foxp3+TGF‑β1+ Tregs in peripheral superficial LNs of patients with AIDS, asy and controls. Data in D and E are expressed as box plots, in which 
the horizontal lines illustrate the 25, 50, 75th percentiles. Vertical lines represent the 10 and 90th percentiles. Tissue samples, n=10 Control; n=10 Asy; n=22 
AIDS. **P<0.001. AIDS, acquired immunodeficiency syndrome; Asy, asymptomatic HIV carriers; BCIP/NBT, 5‑bromo‑4‑chloro‑3‑indolyl phosphate/nitro-
blue‑tetrazolium; CD, cluster of differentiation; Foxp3, forkhead box P3; LNs, lymph nodes; TGF‑β1, transforming growth factor‑β1; Treg, regulatory T cell.
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46.289±9.518% respectively in patients with AIDS (Fig. 6). 
Compared with the control group, the proportions of CD38+ 
cells and PD‑1+ cells were significantly increased, while the 
proportion of CD127‑positive cells was significantly decreased 
in the asymptomatic HIV carriers and the AIDS patients (all 
P<0.01). There were no significant differences in the propor-
tions of CD127‑, CD38‑ or PD‑1‑positive cells between the 
AIDS patients and asymptomatic HIV carriers (Fig. 6).

Discussion

The normal structure of LNs is crucial for the survival, 
development and immune response of T cells, especially 
naïve T cells. Previous studies demonstrated that LN fibrosis 
is an important mechanism underlying the reduction in CD4+ 
T cells following HIV infection. The severity of LN fibrosis 
in HIV‑infected individuals is negatively associated with the 

number of CD4+ T cells and the recovery of peripheral CD4+ T 
cells following anti‑viral therapy (22‑30). LN fibrosis may be a 
cause of CD4+ T cell reduction as collagen deposition disrupts 
the internal environment of the LNs, inhibits the intercellular 
interaction leading to an abnormal immune response of T cells 
and reduces the contact of T cells with cytokines including 
interleukin (IL)‑7, which are necessary for survival.

TGF‑β has been demonstrated to be necessary for main-
taining immune tolerance, inhibiting inflammation and 
mediating fibrosis of tissues or organs (15,31‑33). TGF‑β1 is 
the most important member of the TGF‑β family (16). Previous 
studies have demonstrated that TGF‑β1+ Treg cells may induce 
the deposition of collagens in LNs during the acute phase of 
Simian immunodeficiency virus infection (21). Therefore, the 
frequency of Treg cells and TGF‑β1+ Treg cells were analyzed 
in the peripheral superficial LNs of asymptomatic HIV carriers, 
AIDS patients and non‑HIV infected subjects. The results of the 

Figure 3. Proportions of T cells with high TGF‑β1 expression in the peripheral superficial LNs of the Asy, AIDS and control groups. (A) Representative preva-
lence of T cells with high TGF‑β1 expression from individual subjects in the three studied groups. (B) Representative prevalence of TGF‑β1‑highly expressing 
CD8+ T cells from individual subjects in the three studied groups. (C) Statistical analysis demonstrates the frequency of T cells with high TGF‑β1 expression 
is the highest in peripheral superficial LNs of Asy, followed by patients with AIDS and lowest in controls. The difference between the three groups was 
statistically significant. (D) Statistical analysis demonstrates that CD8+ T cells are the main subset which highly expressed TGF‑β1 in Asy and AIDS patients 
and is significantly higher than in controls. (E) Double staining of CD8 and TGF‑β1 in the peripheral superficial LNs of an asymptomatic HIV carrier. Double 
positive cells of CD8 and TGF‑β1 are indicated by arrows. Blue, TGF‑β1 (cell membrane expression; BCIP/NBT); Red, CD8 (cell membrane expression; 
aminoethyl carbazole). Magnification, x400. Data in C and D are expressed as box plots, in which the horizontal lines illustrate the 25, 50, 75th percentiles. 
Vertical lines represent the 10 and 90th percentiles. Tissue samples, n=10 Control; n=10 Asy; n=22 AIDS. **P<0.001. AIDS, acquired immunodeficiency 
syndrome; Asy, asymptomatic HIV carriers; BCIP/NBT, 5‑bromo‑4‑chloro‑3‑indolyl phosphate/nitroblue‑tetrazolium; CD, cluster of differentiation; LNs, 
lymph nodes; TGF‑β1, transforming growth factor‑β1.
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Figure 4. Association between collagen I secretion of human lymphatic fibroblasts and TGF‑β1 concentration. (A) Detection of type I collagen secretion by 
western blot analysis at different concentrations of TGF‑β1‑stimulation. (B) Relative expression levels of collagen I based on western blot analysis. The data 
indicate the mean ± standard deviation (n=3). *P<0.05, **P<0.01. TGF‑β1, transforming growth factor‑β1.

Figure 5. CD8+ T cells with high TGF‑β1 expression induced collagen I secretion from human lymphatic fibroblasts. (A) CD8+ T cells from LNs of non‑HIV 
infected subjects were stimulated for 6 h with 50 µg/ml phorbol‑12‑myristate 13‑acetate and the proportion of TGF‑β1‑highly expressing CD8+ T cells was 
determined. (B) Detection of type I collagen expression by western blot analysis in different groups. (C) Relative expression levels of collagen I based on 
western blot analysis. The data indicate the mean ± standard deviation (n=3). (D) Immunofluorescence staining of type I collagen secreted by human lymphatic 
fibroblasts in each group. Green (fluorescein isothiocyanate) indicates the type I collagen‑positive cells. Magnification, x400. *P<0.05. CD, cluster of differen-
tiation; HIV, human immunodeficiency virus; LNs, lymph nodes; TGF‑β1, transforming growth factor‑β1.
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present study demonstrated that the proportion of TGF‑β1+ Treg 
cells in the LNs of asymptomatic HIV carriers was increased 
compared with the control group, although the proportion of 
Treg cells was comparable between the asymptomatic HIV 
carriers and control groups. Despite the comparable proportion 
of TGF‑β1+ Treg cells between the AIDS and control group, 
the frequency of Treg cells was decreased in the AIDS group 
compared with the control group, which may be ascribed to 
the infection and consumption of Treg cells as CD4+ cells in 
the AIDS stage. The results of the present study indicated that 
TGF‑β1+ Treg cells serve a dominant role in LN fibrosis of 
asymptomatic HIV carrier in chronic HIV infection.

In addition to Treg cells, TGF‑β1 is also expressed on 
other immune cells. The results of the immunohistochemistry 
demonstrated that a large number of cells expressed TGF‑β1 in 
the LNs of non‑HIV‑infected subjects as well as HIV‑infected 
subjects. Since it remains unclear why LN fibrosis is only 
present in HIV‑infected patients and whether other cells 
expressing TGF‑β1 are involved in LN fibrosis following HIV 
infection, flow cytometry was performed to detect TGF‑β1 
expression in T cells. The results demonstrated that a fraction 
of T cells in LNs exhibited high TGF‑β1 expression, the propor-
tions of which were respectively, a 6‑fold and 3‑fold higher in 
asymptomatic HIV carriers and AIDS patients compared with 

the control group. In asymptomatic HIV carriers and AIDS 
patients, these high TGF‑β1 expressed cells were mainly CD8+ 
T cells and accounted for >80% of the T cells, with no signifi-
cant difference between both groups. In non‑HIV‑infected 
subjects, these cells were mainly CD4+ T cells, while CD8+ 
T cells accounted for ~30% of the T cells.

TGF‑β serves multiple roles in inflammation and immune 
regulation (34‑36). Different concentrations of TGF‑β have been 
demonstrated to activate distinct signaling pathways (37). The 
results of the co‑culture experiment in the present study demon-
strated that stimulated CD8+ T cells induced human lymphatic 
fibroblasts to secrete a large amount of collagen I. The dose 
response data of the present study also demonstrated that the 
secretion capacity of collagen I in fibroblasts is associated with 
TGF‑β1 concentrations. These results suggested that TGF‑β1+ T 
cells in LNs are unable to induce fibrosis under normal condi-
tions as most of them exhibit low TGF‑β1 expression.

Persistent, chronic immune activation and inflamma-
tion are important immunological characteristics of LNs 
following HIV infection (38). CD127, which is a receptor of 
IL‑7 expressed on naïve and memory CD8+ T cells, serves an 
important role in the maintenance of homeostasis of naïve and 
memory CD8+ T cells. CD127 expression was illustrated to be 
downregulated in effector CD8+ T cells (39). PD‑1 is expressed 

Figure 6. Expression of CD38, PD‑1 and CD127 in CD8+ T cells in peripheral superficial LNs from HIV‑infected individuals and controls. Representative 
prevalence of (A) CD38‑, (B) PD‑1‑ and (C) CD127‑positive CD8+ T cells which were isolated from LNs of the three studied groups. Statistical analysis 
demonstrates that the frequencies of (D) CD38+CD8+ T cells and (E) PD‑1+CD8+ T cells in peripheral superficial LNs of asymptomatic HIV carriers and AIDS 
patients were significantly higher than controls, but the frequency of (F) CD127+CD8+ T cells was significantly lower than controls. There were no significant 
differences in the frequency of CD127‑, CD38‑ or PD‑1‑positive CD8+ T cells between the AIDS patients and asymptomatic HIV carriers. The data are 
presented as the mean ± standard deviation. control tissue samples, n=10; Asy, n=10; AIDs, n=22. **P<0.01. AIDs, acquired immunodeficiency syndrome; Asy, 
asymptomatic HIV carriers. CD, cluster of differentiation; HIV, human immunodeficiency virus; LNs, lymph nodes; PD‑1, programmed cell death protein 1.
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in activated T cells, B cells and myeloid cells. Notably, CD8+ 
T cells with functional deficits exhibit high PD‑1 expression, 
which is thought to compromise the functions of CD8+ T cells 
(proliferation, secretion of cytokines and killing activity), 
including in chronic HIV infection  (40,41). The results of 
the present study demonstrated a significant increase in the 
proportions of CD38‑positive cells and PD‑1‑positive cells, 
and a significant decrease in CD127‑positive cells among 
CD8+ T cells in LNs from HIV‑infected individuals. These 
data suggested that CD8+ T cells are activated in the LNs of 
HIV‑infected individuals and demonstrate compromised func-
tions. CD8+ T cells from LNs, which are stimulated in vitro 
demonstrated increased TGF‑β1 expression, implying that the 
increase of CD8+ T cells that express high levels of TGF‑β1 
in LNs of HIV infected patients could be also associated with 
immune activation and inflammation.

As cytotoxic T cells, CD8+ T cells are the major cells defending 
the host against HIV infection. In addition, they are also regarded 
as serving an important role in other immune processes. Previous 
studies have demonstrated that a subset of CXCR5+CD8+ T 
cells can localize in B‑cell follicles and act as regulatory cells 
suppressing follicular T helper cells to help B cells and main-
taining immune tolerance (42). Certain autoimmune diseases, 
which possess a normal quantity and function of CD4+ Treg cells 
may be a result of abnormal CD8+ regulatory T cells (43‑46). A 
previous study demonstrated another subset of CXCR5+CD8+ T 
cells, which can also settle in B‑cell follicles and serves a crucial 
role in the control of chronic viral infection (47,48). In addition, 
a previous study also revealed that IL‑13‑producing CD8+ T 
cells aggregate in the skin of patients with systemic sclerosis, 
especially in early stages of inflammation and may induce the 
secretion of a large amount of extracellular matrix by fibroblasts 
in the epidermis, which regulates skin fibrosis (49). These results 
indicate that CD8+ T cells have multiple functions, in addition to 
clearing infection and are able to regulate the immune response 
and inflammatory reaction.

Fibrosis may occur in multiple organs and tissues and 
cause corresponding diseases in these organs. To date, the 
pathogenesis of fibrosis remains poorly understood. The results 
demonstrated that LN fibrosis may be mediated by an increase 
in CD8+ T cells that express a high level of TGF‑β1 in the LNs 
following HIV‑infection. This also implies that the increase 
in TGF‑β1‑highly expressing CD8+ T cells is associated to 
inflammation and activation of immune cells in LNs following 
HIV infection. The results of the present study provided 
evidence to understand the mechanism underlying LN fibrosis 
following HIV infection. CD8+ T cells serve multiple roles in 
the immune response and inhibition of immune activation can 
delay or inhibit LN fibrosis following HIV infection.
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