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Abstract
Human T-cell lymphotropic virus type-1 (HTLV-1) is the etiologic agent of HTLV-1-associated

myelopathy/tropical spastic paraparesis (HAM/TSP), which is a chronic inflammatory disease

that leads to gradual loss of motor movement as a result of the death of spinal cord cells through

immune mediated mechanisms. The risk to develop HAM/TSP disease positively correlates with

the magnitude of HTLV-1 proviral load. Gamma-delta T lymphocytes have been recognized as

important players in a variety of infectious diseases. Therefore, we have investigated interactions

between HTLV-1 infection and 𝛾𝛿 T lymphocytes during HAM/TSP. Similar frequencies of total

𝛾𝛿 T lymphocytes and their V𝛾9𝛿2+ and V𝛾9𝛿2neg subpopulations were observed in HAM/TSP

patients. However, T lymphocytes obtained from HTLV-1 carriers displayed significantly higher

ratesof spontaneousproliferationandNKp30expressionwhencompared to cells fromuninfected

donors. In addition, an important decrease in the frequency of granzyme B+ 𝛾𝛿 T lymphocytes

(approximately 50%) was observed in HAM/TSP patients. Higher proportion of IFN-𝛾+ 𝛾𝛿 T

lymphocytes was found in HTLV-1-infected patients, which positively correlatedwith theHTLV-1

proviral load in peripheral blood mononuclear cells. Collectively, our data indicates that HTLV-1

infection leads to phenotypic and functional changes in the population of 𝛾𝛿 T lymphocyte popula-

tion, suggesting that HTLV-1 infection modulates functions associated to these cells, which might

be involved in controlling the infection or in the development of HTLV-1-associated diseases.
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1 INTRODUCTION

Human T-cell lymphotropic virus type 1 (HTLV-1) was the first retro-

virus to be associated to disease in humans. Currently, HTLV-1 infec-

tion is endemic in Africa, Central and Southern America, and Japan. In

Brazil, HTLV-1 prevalence among blood donors is 0.45%, with North

and Northeast regions accounting for the higher prevalence rates.1–3

Abbreviations: AC, asymptomatic carriers; EAE, experimental autoimmune

encephalomyelitis; GrB, granzyme B; HAM/TSP, HTLV-1-associatedmyelopathy/tropical

spastic paraparesis; HTLV-1, human T-cell lymphotropic virus type 1;MFI, mean fluorescence

intensity; MS, multiple sclerosis; NCRs, natural cytotoxicity receptors.

Epidemiological studies performed among pregnant women and blood

donors estimated that approximately800,000people are infectedwith

HTLV-1 in Brazil,3 which makes Brazil the country with the highest

absolute number of HTLV-1 carriers in the world.

It has been shown that about 1–5% of HTLV-1-infected individuals

develop related diseases, especially adult T-cell leukemia/lymphoma,

a neoplastic disease,4 inflammatory diseases, such as HTLV-1-

associated myelopathy/tropical spastic paraparesis (HAM/TSP),5

uveitis, polymyositis, Sjögren syndrome, and arthritis,6,7 and oppor-

tunistic diseases associated with disturbs in the immunological status

of these patients, such as infective dermatitis,8 recurrent infections

with Strongyloides stercoralis, and scabies.9,10
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HAM/TSP is an inflammatory chronic disease of the nervous

system, extremely disabling and generally with slow evolution,

characterized by a progressive loss ofmotor capacity, sphincter distur-

bances, lumbar pain, erectile dysfunction with or without peripheral

neuropathy,11 cognitive impairments,12 and dysautonomia.13 CD4+

T lymphocytes are the predominant target of HTLV-1 infection,14

which are early detected in spinal cord lesions.15,16 Some research

groups have shown that the risk for HAM/TSP development positively

correlates with HTLV-1 proviral load in PBMCs.17,18

The control of HTLV-1 infection in vivo has not been fully clari-

fied yet. The immune response against infection involves robust Ab

secretion19,20 and the activity of CD8+ CTLs.21,22 However, CTL activ-

ity can be related to prevention aswell as to development ofHAM/TSP.

Immune response against viral infections involves distinct T-cell

subtypes, including an unconventional subtype that express a TCR

composed by 𝛾 and 𝛿 chains, which is mainly found in intraepithelial

compartments (skin, intestine, and genitourinary tract). These cells are

also present in peripheral blood, and represents 1–10% of circulating

CD3+ T-cells. Most of peripheral blood 𝛾𝛿 T lymphocytes express V𝛾9

and V𝛿2 TCR chains, whereas 𝛾𝛿 T intraepithelial lymphocytes express

other V𝛿 segments.23 Several studies have shown a systemic expan-

sion of 𝛾𝛿 T lymphocyte populations in patients infected with bacteria,

protozoa, and viruses, and these cells perform protective, inflamma-

tory, or regulatory roles. Association between RNA virus infection

and the response of 𝛾𝛿 T lymphocytes was first suggested in 1989,

when Autran et al.24 investigated these cells from peripheral blood of

HIV-1-infected subjects, and observed an increase in the frequency

of V𝛿1 T lymphocytes. These findings were confirmed by others

and, subsequently, a reduction in the V𝛾9 subpopulation was also

identified, demonstrating an important alteration in subsets of 𝛾𝛿 T

lymphocytes during viral infection.25–29 In HIV infection, 𝛾𝛿 T lympho-

cytes are involved in antiviral responses, killing infected cells through

engagement of NKG2C and NKp30.30–32 Furthermore, V𝛿1 cells

from HIV-1-infected patients were primed to produce IFN-𝛾 , TNF-𝛼,

and IL-17.28,33,34

In 2003, Saito et al.35 showed that HTLV-1-infected patients have

a similar frequency of 𝛾𝛿 T lymphocytes in PBMCs, along with a

reduction of CD94+NKG2+ 𝛾𝛿 T lymphocytes in HAM/TSP patients.

However, the role of 𝛾𝛿 T lymphocytes in HTLV-1 infection is still

unknown. Horiuchi et al.36 described the increase of V𝛿1 T lympho-

cytes in HTLV-1 carriers displaying rheumatoid arthritis, neutropenia,

and lymphocytosis. However, these authors failed to detect the

HTLV-1 provirus in these cells. Here, we discuss the importance of 𝛾𝛿

T lymphocytes in the response against to HTLV-1 infection, describing

changes in their phenotype and function.

2 METHODS

2.1 Subjects

This study enrolled HAM/TSP patients and HTLV-1 asymptomatic

carriers (AC; Table 1) attending to the HTLV-1 outpatient clinic at

Instituto Nacional de Infectologia Evandro Chagas, Rio de Janeiro,

TABLE 1 Donors

Subjects N Clinical status
Proviral load
median (range)

Uninfected 28 n.d. n.d.

AC 34 No disability 0.91 (0.00–17.85)

HAM/TSP 31 Spastic paraparesis 8.08 (0.81–31.30)

n.d., undetermined; proviral load, number of HTLV-1-infected cells/
100 leukocytes.

Brazil, and noninfected donors, which were included as controls. The

diagnosis of HAM/TSP was based on the World Health Organization

criteria. The study protocol was approved by the ethics committee

of the Hospital Universitário Clementino Fraga Filho (HUCFF/UFRJ

- CAAE 04203212.8.0000.5262) and written informed consent was

obtained from all patients before blood collection.

2.2 PBMC isolation and phenotypic

characterization

PBMCs were isolated from heparinized blood by centrifugation on

Histopaque (Sigma-Aldrich, USA). Cells were washed three times with

PBS and resuspended in PBSwith 5% fetal calf serum and then stained

for 30 min at 4◦C with distinct combinations of mAbs. The following

anti-human mAbs were used: biotinylated or PE-conjugated anti-𝛾𝛿

TCR (Biolegend,USA; dilution1:25), APCorFITC-conjugated anti-CD3

(Exbio Antibodies, CZ; dilution 1:50), PE-conjugated anti-CD4 (Exbio

Antibodies; dilution 1:100), FITC-conjugated anti-V𝛿2 (Biolegend;

dilution 1:20), PE-conjugated anti-V𝛾9 (Biolegend; dilution 1:20),

PE-conjugated anti-CD27 (Exbio; dilution 1:50), FITC-conjugated

anti-CD16 (Exbio Antibodies; dilution 1:100), PE-conjugated anti-

CD107a (Exbio Antibodies; dilution 1:100), biotinylated anti-NKG2D

(Biolegend; dilution 1:100), and biotinylated anti-NKp30 (Biolegend;

dilution 1:100). Biotinylated mAbs were further stained with PE/Cy7

or APC-conjugated streptavidin (Biolegend; dilution 1:400). After

incubation, cells were washed with PBS and analyzed by flow cytom-

etry (FACSCalibur—Becton & Dickinson, USA). Fifty thousand total

live cells were acquired and data analysis was performed with Summit

v4.3 software.

2.3 Proliferation and cytokine production assays

Proliferation of 𝛾𝛿 T lymphocytes was analyzed after staining of 106

PBMCswith 1 µMofCFSE (Life Technologies, USA) for 15min at 37◦C.

Following this, cells were washed twice with RPMI-1640 medium

(LGC, Brazil); supplementedwith 10% fetal calf serum (Cultilab, Brazil),

50 UI/ml penicillin (LGC), and 10 mg/ml streptomycin (LGC); and incu-

bated for 72 h in this complete medium at 37◦C in humidified atmo-

sphere with 5% CO2. Thereafter, cells were washed and stained with

anti-human 𝛾𝛿 TCR, CD3, CD4, and CD8 mAbs for analysis by flow

cytometry. To evaluate the production of cytokines, PBMCswere incu-

bated overnight (16 h) in completemedium in the presence of 20 ng/ml

of phorbol 12-myristate 13-acetate (PMA; Sigma-Aldrich), 250 ng/mL

of ionomycin, and 5 µM of monensin sodium salt (Sigma-Aldrich) at



CAVALCANTI DE ALBUQUERQUE ET AL. 609

10

5
100

80

60

40

20

0

4

3

2

1

0

B

A

D E

C

8

6

4

2

0
Uninfected

n = 28

NI

n = 22

AC

n = 12

HAM/TSP

n = 24

NI

n = 27

AC

n = 8

HAM/TSP

n = 20

%
 o

f 
γδ

+
 T

 c
e

lls
/C

D
3

+
 c

e
lls

%
 o

f 
V

γ9
V

δ2
+

 c
e

lls
/C

D
3

+
 T

 c
e

lls

%
 o

f 
C

D
2

7
+
/γ

δ+
 C

D
3

+
 c

e
lls

10

100

104

100 102 104

100 102 104

1000

800

600

400

200

0 400

Lymphocytes
79.9

800

FSC CD3 APC (Log)
γδ TCR FITC (Log)

0

1000

800

600

400

200

0

1000

800

600

400

200

0

S
S

C

15

66.3%

10

5.0

0

2.59 1.35

0.60

103

102

101

100

101 102 103 104

δ2 FITC (Log)

γ9
 P

E
 (

L
o

g
)

C
o

u
n

t

100 101 102 103 104

CD27 PE (Log)

8

6

4

2

0

%
 o

f 
γδ

+
 T

 c
e

lls
/C

D
3

+
 c

e
lls

Uninfected

n = 28

HTLV-1

n = 65

AC

n = 34

HAM/TSP

n = 31

F IGURE 1 HTLV-1 infection did not change the frequency of 𝛾𝛿 T lymphocytes. A total of 5 × 105 PBMCs from uninfected, HTLV-1 asymp-
tomatic carriers (AC), and HAM/TSP patients were incubated with anti-human CD3, anti-human TCR𝛾𝛿, anti-human V𝛿9 TCR, anti-human V𝛾9
TCR, and anti-human CD27mAbs for 30 min at 4◦C. Ab-labeled cells were analyzed by flow cytometry. (A) Gate strategy used for frequency anal-
yses of TCR 𝛾𝛿 lymphocytes (out of total live CD3+) and 𝛾𝛿 T cells subpopulations (V𝛾9+V𝛿2+ and CD27+). (B) Frequency of 𝛾𝛿 T lymphocytes in

(continued on the next page)
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37◦C inhumidified atmospherewith5%CO2. Following this, cellswere

washed and stained with anti-human 𝛾𝛿 TCR, CD3, and CD4 mAbs.

Then, cells were fixed and permeabilized using the eBioscience kit,

according to the manufacturer’s instructions, and stained for 30 min

with Alexa Fluor 647-conjugated anti-human granzyme B (GrB) mAb

(Exbio Antibodies; dilution 1:100), or Alexa Fluor 488-conjugated anti-

human IFN-𝛾 (Exbio Antibodies; 1:20) and PE-conjugated IL-17 mAbs

(eBioscience; 1:50). Then, cells werewashedwith PBS and analyzed by

flow cytometry. Fifty thousand total live cells were acquired and data

analysis was performed using Summit v4.3 software.

2.4 Sorting of 𝜸𝜹 T lymphocytes and quantitative

PCR for GrB

Fresh 𝛾𝛿+CD3+ and CD4+CD3+ T lymphocytes were sorted from

peripheral blood using a MoFlo flow cytometer (DakoCytomation) or

EPICS ALTRA (Beckman Coulter, Hialeah, FL, USA) with Summit soft-

ware (DakoCytomation, Glostrup, Denmark). Purified cells were cen-

trifuged and stored at –80◦C in RNAlater R© solution (Ambion, USA).

RNA from 𝛾𝛿 T lymphocytes was extracted using the RNAqueous R©

Micro kit (Invitrogen, USA), according to the manufacturer’s instruc-

tions. Following this, synthesis of cDNA was performed with the

High Capacity cDNA Reverse Transcription kit (Applied Biosys-

tems, USA) and random primers. cDNA was used in quantita-

tive PCR, which was performed with the Power SYBR R© Green

PCR Master Mix (Applied Biosystems, UK) using the StepOneTM

Real-Time PCR System (Applied Biosystems), and specific primers

for GrB (forward 5′-GGGGGACCCAGAGATTAAAA-3′ and reverse

5′-CCATTGTTTCGTCCATAGGAG-3′) and 18S ribosomal RNA (18S

rRNA; forward 5′-CGGCTACCACATCCAAGGAA-3′ and reverse 5′-

GCTGGAATTACCGCGGCT-3′). Reactions were incubated at 95◦C for

10 min and then submitted to 45 cycles of 95◦C for 15 s and 60◦C

for 1 min. Each sample was measured in triplicate and negative con-

trols of mRNA (no reverse transcription) or water (no cDNA sam-

ple) were included. GrB expression was normalized by the expression

of 18S rRNA.

2.5 HTLV-1 provirus detection and quantification

of HTLV-1 proviral load

DNA was extracted from cells with the QIAamp DNA blood mini kit

(Qiagen, Germany). HTLV-1 proviral load was determined by quanti-

tative PCR in a Rotor-Gene Q instrument (Qiagen, Germany), using

the Rotor-Gene Probe PCR kit (Qiagen, Germany), according to man-

ufacturer’s instructions. Primers and 5′-FAM and 3′-TAMRA-labeled

TaqMan R© probes (Sigma-Aldrich) for the HTLV-1 tax and the human

𝛽-globin genes, as previously described by Silva et al.,18 were used in

independent reactions with 5µl of DNA. HTLV-1 proviral load was

calculated as tax copies/(𝛽-globin copies/2), and results are shown as

percentage of infected cells. Qualitative PCR was performed with 5µl

of DNA in 50µl reactions using the Platinum Taq DNA Polymerase

kit (Invitrogen), following manufacturer’s instructions, using the

same primers for HTLV-1 tax. A second round of PCR was performed

under the same conditions using 2 µl of the first-round PCR products.

Amplification cycle consisted of enzyme activation at 94◦C for 3min,

35 cycles of denaturation at 94◦C for 30 s, annealing at 60◦C for 30 s,

and extension at 72◦C for 30 s, and a final extension step at 72◦C

for 10min. PCR products were electrophoresed in 2% agarose gel

stained with GelRed R© (Biotium, USA) in 1× Tris-Borate-EDTA buffer

(Invitrogen) at 100V for 90min. Amplification of HTLV-1 tax results in

a 159-bp PCR product.

2.6 Human proinflammatory chemokine

immunoassay

In order to measure human chemokines, we employed a

LEGENDplexTM Human Proinflammatory Chemokine Panel kit

(Biolegend). The serum samples from uninfected individuals, AC, and

HAM/TSP patients were collected and a quantitative analysis for

CCL3, CCL4, and CCL5 was performed according to the manufac-

turer’s instructions. Then, the samples acquisition was performed by

flow cytometry (BD FACS, Calibur, BD, USA). Analysis was performed

using the appropriate software (CellQuest Pro, BD, USA).

2.7 Statistical analysis

The one-dimensional probability distributions of samples were ana-

lyzed by Kolmogorov-Smirnov test. After that, statistical analysis

was performed by one-way variance analysis followed by Bonferroni

posttest for samples with normally distribution or Kruskal-Wallis anal-

ysis followed by Dunn posttest. Correlation was analyzed by Spear-

man’s or Pearson’s rank correlation coefficient. The statistical analysis

was performed using GraphPad Prism 5 software, and P-values < 0.05

were considered statistically significant.

3 RESULTS

3.1 HTLV-1 infection did not change the frequency

of circulating 𝜸𝜹 T lymphocyte populations

We have investigated whether HTLV-1 infection or HAM/TSP disease

would induce changes in the frequency of 𝛾𝛿 T lymphocytes in periph-

eral blood T cells. Figure 1A shows the gate strategy used to analyze 𝛾𝛿

T lymphocyte populations in peripheral blood by flow cytometry. Our

analysis showed no difference in the frequency of these cells between

uninfectedorHTLV-1-infecteddonors (Fig. 1B). In Fig. 1C,we stratified

CD3+ lymphocytes fromperipheral blood of uninfected donors andHTLV-1-infected patients. (C) Frequency of 𝛾𝛿 T lymphocytes in CD3+ lympho-
cytes fromperipheral blood. (D) Frequency of V𝛾9+V𝛿2+ T lymphocytes in CD3+ lymphocytes fromperipheral blood. (E) Frequency of CD27+ cells
in 𝛾𝛿 T lymphocytes. Each symbol represents a distinct individual, where n is the number of individuals in each group. Medians are displayed in the
graphs and the values inside dot plots represent the percentages of cells within a region of CD3+ cells
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the group HTLV-1 in AC and HAM/TSP to compare 𝛾𝛿 T lymphocyte

populations between patients with different clinical status. However,

wedidnotobservedanydifference in the frequencyof 𝛾𝛿 T lymphocyte

between three groups. In addition, similar absolute numbers of circu-

lating 𝛾𝛿 T lymphocytes were obtained for AC (238.9 ± 149.1 cells/ml)

and HAM/TSP (200.2 ± 138.2 cells/ml) groups. During HIV infection,

patients exhibit an important change in the proportion of V𝛿2 and V𝛿1

subtypes of 𝛾𝛿 T lymphocytes.25–29 Thus, we evaluated the frequency

of V𝛾9+V𝛿2+ and V𝛿1+ 𝛾𝛿 T lymphocytes in peripheral blood T cells

from AC, HAM/TSP, and uninfected donors. Unlike data described in

HIV-infected patients, no change in the proportion of 𝛾𝛿 T cells sub-

populations was observed in HTLV-1 (Fig. 1D).

In 2001, Gioia et al.37 described two subsets of human V𝛾9+V𝛿2+

T lymphocytes based on their surface expression of CD27, suggest-

ing that they exhibit distinct functions. Here, no difference was seen

in CD27 expression by peripheral blood 𝛾𝛿 T lymphocytes from AC,

HAM/TSP, and uninfected individuals (Fig. 1E), suggesting that the pro-

portion of CD27+ andCD27neg CD3+TCR𝛾𝛿+ cells is preserved during

HTLV-1 infection.

3.2 HTLV-1 infectionmodulates the expression of

cytotoxicitymediators in 𝜸𝜹 T lymphocytes

Although the frequency of 𝛾𝛿 T lymphocyte populations was not

modified in HTLV-1 infection or during HTLV-1-associated neurologic

disease, molecules associated with their cytotoxic functions could

be differentially expressed. Natural cytotoxicity receptors (NCRs)

constitute a group of surface receptors that recognize several ligands,

and their engagement triggers cell activation and target-directed

cytotoxicity. Here, we analyzed two members of this group of recep-

tors, NKp30 and NKG2D, in 𝛾𝛿 T lymphocytes form HTLV-1-infected

and uninfected individuals. Figure 2A shows the gate strategy used

to analyze NKp30 expression on circulating 𝛾𝛿 T lymphocytes by flow

cytometry. The frequency of peripheral 𝛾𝛿 T lymphocytes expressing

NKp30 was higher in HTLV-1-infected patients than uninfected

individuals (Fig. 2B–C). This higher frequency is observed in 𝛾𝛿 T lym-

phocytes from HAM/TSP patients as well as AC individuals (Fig. 2C).

Moreover, peripheral 𝛾𝛿 T lymphocytes from HAM/TSP patients

expressed higher levels ofNKp30 than uninfected individuals (Fig. 2D).

However, this increase in NKp30 expression in HAM/TSP patients did

not correlate with HTLV-1 proviral load (data not shown).

NKG2D receptor recognizes stress-induced ligands expressed by

virus-infected cells.38 As shown in Fig. 2G, no difference in the fre-

quency of NKG2D+ 𝛾𝛿 T lymphocytes is observed between all three

groups. In addition to NCRs, the frequency of 𝛾𝛿 T lymphocytes

expressing CD16, which is involved in Ab-dependent cell-mediated

cytotoxicity throughengagementwith immunoglobulin Fc portion,was

also unaltered between the groups (Fig. 2H–I).

Frequency of GrB+ 𝛾𝛿 T lymphocytes was also investigated (Fig. 3).

Our results demonstrated a significant reduction in the frequency

of GrB-expressing 𝛾𝛿 T lymphocytes in HAM/TSP patients (median:

42.80%; IQ25–75: 25.01–60.30%) and AC (median: 37.78%; IQ25–75:

24.87–51.09%) compared to uninfected individuals (median: 60.22%;

IQ25–75: 41.7–78.59%) (Fig. 3C). However, similar expression levels

of GrB were found in the population of GrB+ 𝛾𝛿 T lymphocytes

between groups (Fig. 3D). Contrasting to the results of GrB expression

performed by flow cytometry, no modulation was observed in mRNA

levels in 𝛾𝛿 T lymphocytes from HTLV-1 carriers (Fig. 3E). These data

suggest that GrB is released by 𝛾𝛿 T lymphocytes in controlling the

expansion of HTLV-1-infected cells. This hypothesis is corroborated

by the negative correlation observed between the frequencies of 𝛾𝛿

T lymphocytes expressing GrB and exposing CD107a, a cell marker

of degranulation (Fig. 3F). Our results also demonstrated that the

reduction of 𝛾𝛿 T lymphocytes expressing GrBwas not correlatedwith

HTLV-1 proviral load (Fig. 3G). Altogether, these results suggest that

HTLV-1 infection regulates the expression ofmediators of cytotoxicity

in 𝛾𝛿 T lymphocytes.

3.3 𝜸𝜹 T lymphocytes fromHTLV-1-infected

individuals produce high levels of IFN-𝜸

Many inflammatory can be produced by 𝛾𝛿 T lymphocytes, such as IFN-

𝛾 and IL-17.23 In addition, T lymphocytes fromHAM/TSP patients pro-

duce high levels of GM-CSF, TNF-𝛼, and IFN-𝛾 in vitro.39 Therefore, we

compared the production of IFN-𝛾 and IL-17 by 𝛾𝛿 T lymphocytes from

AC,HAM/TSPpatients, anduninfecteddonors. Cells produced low lev-

els of IL-17, and no difference was observed between the groups (data

not shown). Figure 4A shows the gate strategy used to analyze IFN-𝛾

production on 𝛾𝛿 T lymphocytes by flow cytometry. A higher frequency

of 𝛾𝛿 T lymphocytes producing IFN-𝛾 was observed inHTLV-1-infected

patients compared to uninfected individuals (Fig. 4B–C). Interestingly,

frequencies of IFN-𝛾+ 𝛾𝛿 T lymphocytes and the levels of this cytokine

from AC and HAM/TSP individuals were similar (Fig. 4C–D). In addi-

tion, the frequency of IFN-𝛾+ 𝛾𝛿 T lymphocytes positively correlated

with HTLV-1 proviral load (Fig. 4E), indicating that higher levels of

infected cells exacerbate the activity of 𝛾𝛿 T lymphocytes. However,

no correlation was observed between IFN-𝛾 and GrB expression (data

not shown).

used for frequency analyses of the indicated 𝛾𝛿 T cells subpopulations. (B) Frequency of NKp30+ 𝛾𝛿 T lymphocytes in CD3+ lymphocytes from
peripheral blood of uninfected donors and HTLV-1-infected patients. (C–D) Frequency and mean fluorescence intensity (MFI) of NKp30+ 𝛾𝛿 T
lymphocytes. (E) Correlation between the frequency of NKp30+ 𝛾𝛿 T lymphocytes and HTLV-1 proviral load in AC and HAM/TSP patients was
evaluated by Pearson’s rank correlation. (F) Frequency of NKG2D+ 𝛾𝛿 T lymphocytes in peripheral blood from uninfected individuals and HTLV-
1-infected patients, or (G) uninfected individuals, AC, and HAM/TSP patients. (I) Frequency of CD16+ 𝛾𝛿 T lymphocytes in peripheral blood from
uninfected individuals and HTLV-1-infected patients, or (H) uninfected individuals, AC, and HAM/TSP patients. Each symbol represents a distinct
individual, where n is the number of individuals in each group. Values in the graphs represent the percentage of cells among live CD3+TCR𝛾𝛿+

population. The line represents themedian value. **P≤ 0.0001 in relation to uninfected group
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this, cellswere fixed, permeabilized, and stainedwith anti-humanGrBmAb for 30min at room temperature. Ab-labeled cellswere analyzed by flow
cytometry. (A) Gating strategy used for frequency analyses of the indicated 𝛾𝛿 T cells subpopulations. (B) Frequency of GrB+ 𝛾𝛿 T lymphocytes in
CD3+ lymphocytes from peripheral blood of uninfected donors and HTLV-1-infected patients. ***P ≤ 0.0011 in comparison to uninfected. (C–D)
Frequency and mean fluorescence intensity (MFI) of GrB+ cells in 𝛾𝛿 T lymphocytes in peripheral blood cells from uninfected individuals, AC, and
HAM/TSP patients. **P ≤ 0.0033 in comparison to uninfected. Each point on the graph represents one patient, and the line represents the median
value. (E) CD3+TCR𝛾𝛿+ cells were sorted by fluorescence-activated cell sorting and total RNA was extracted for determining GrB expression by
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lation between the frequency of GrB+ 𝛾𝛿 T lymphocytes and CD107a+ 𝛾𝛿 T lymphocytes in HTLV-1+ patients was evaluated by Spearman’s rank
correlation. (G) Correlationbetween the frequencyofGrB+ 𝛾𝛿 T lymphocytes andHTLV-1proviral load inACandHAM/TSPpatientswas evaluated
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3.4 Spontaneous proliferation of 𝜸𝜹 T lymphocytes

fromHTLV-1-infected individuals

The 𝛼𝛽 T lymphocytes from HTLV-1-infected individuals are charac-

terized by their ability to spontaneously proliferate in vitro, whereas

no proliferation was observed in cells from uninfected individuals.40

To investigate if 𝛾𝛿 T lymphocytes from HTLV-1-infected individuals

are also capable to proliferate in vitro without mitogenic stimulus,

cells were stained with CFSE and incubated for 72 h. In Fig. 5, it is

shown that 𝛾𝛿 T lymphocytes from HTLV-1-infected individuals pro-

liferated spontaneously in vitro, similarly to what has been shown in

CD4+ T lymphocytes.40

3.5 𝜸𝜹 T lymphocytes are not infected byHTLV-1

Although HTLV-1 infects preferentially CD4+ T lymphocytes,

HTLV-1 can infect B cells,41 dendritic cells,42 macrophages,43

and monocytes.41 Here, we evaluated if HTLV-1-infected 𝛾𝛿
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T lymphocytes are found in vivo. PCR performed with DNA from

sorted 𝛾𝛿 T lymphocytes showed that these lymphocytes were not

infected by HTLV-1 (Fig. 6), suggesting that the alterations found in

this cell population are independent of direct cell infection.

4 DISCUSSION

Despite the fact that 𝛾𝛿 T lymphocytes constitute a small population in

peripheral blood, several studies have demonstrated their important

role in the immune response, especially against tumors, but also during

infections and autoimmune conditions.44 Expansion of 𝛾𝛿 T lympho-

cyte populations in response to pathogens, such as Plasmodium falci-

parum, Listeria monocytogenes, and cytomegalovirus, among others, has

been observed by several studies.45–47 Moreover, changes in circulat-

ing 𝛾𝛿 T lymphocyte subpopulations were observed in HIV-1 infection.

Frequency of the V𝛿1+ subpopulation is increased in the peripheral

blood of HIV-1-infected patients compared to healthy individuals, in

which this population represents a small fraction of circulating 𝛾𝛿 T

lymphocytes. Therefore, it has been suggested that 𝛾𝛿 T lymphocytes

are involved in the control of HIV-1 infection.24,48,49 Here, we explore

and characterize the circulating 𝛾𝛿 T lymphocytes in HTLV-1 carriers.

Likewise Saito et al.,35 our data did not show differences in overall

frequency of 𝛾𝛿 T lymphocytes in peripheral blood of HTLV-1-infected

patients compared to uninfected individuals. Furthermore, prevalence

of V𝛾9+V𝛿2+ and CD27+ 𝛾𝛿 T lymphocyte populations was similar

betweenHTLV-1-infected patients and uninfected individuals.

However, our results demonstrated that 𝛾𝛿 T lymphocytes from

HTLV-1-infected patients spontaneously proliferated in vitro. This

phenomenon has been well-characterized for 𝛼𝛽 T lymphocyte pop-

ulations and it is caused by direct HTLV-1 infection of these cells.40

Spontaneous proliferation of conventional T cells is dependent on

high levels of IL-2 secretion and CD25 expression.50,51 Induction of

cytokine secretion by HTLV-1-infected 𝛼𝛽 T lymphocytes could also

explain the spontaneous proliferation of 𝛾𝛿 T lymphocytes described

here. However, further studies are required to test this hypothesis.

The ability of 𝛾𝛿 T lymphocytes to suppress virus replication has

been described inHIV-1 infection.52–55 Corroborating these results, Li

et al. found that V𝛾2+V𝛿2+ T cell frequencies are correlated to higher

CD4+ T cell counts and lowerHIV-1 viral load, suggesting a role to 𝛾𝛿 T

lymphocytes in the control of AIDS progression.56 Moreover, suppres-

sionofHIV-1 replicationmediatedby 𝛾𝛿 T lymphocyteswasdependent

on NKp30 expression.32 Thus, these reports led us to investigate the

expression of molecules related to mechanisms of cytotoxicity of

𝛾𝛿 T lymphocytes in HTLV-1 infection. We did not find changes in

the frequency of circulating NKG2D+ and CD16+ 𝛾𝛿 T lymphocytes

in HTLV-1-infected patients. However, the frequency of peripheral

blood NKp30+ 𝛾𝛿 T lymphocytes in HTLV-1-infected individuals

was higher than in uninfected donors. Indeed, surface expression

of NKp30 was higher in HAM/TSP patients compared to HTLV-1
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F IGURE 5 Spontaneous proliferation of
circulating 𝛾𝛿 T lymphocytes from HTLV-1-
infected individuals. A total of 106 PBMCs
from HTLV-1-infected donors were labeled
with 1 µM CFSE and incubated in complete
medium for 72 h at 37◦C in a humidified atmo-
sphere with 5% CO2. After incubation period,
cells were incubatedwith the anti-humanCD3,
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for 30 min at 4◦C. Ab-labeled cells were ana-
lyzed by flow cytometry. (A) Gating strategy
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𝛾𝛿+ T cell populations. Left dot plots (heatmap
statistic) representCFSEdilutionofCD4T lym-
phocytes and right dot plots (heatmap statistic)
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L 1 2 3 4 5 6 7 8 9 10 11 12 13 14

F IGURE 6 Detection of HTLV-1 provirus in CD4+ and TCR𝛾𝛿+

lymphocytes from HAM/TSP patients. PCR was used to detect a frag-
ment of 159-bp of HTLV-1 tax (arrow) in DNA samples obtained from
CD4+ and TCR𝛾𝛿+ lymphocytes purified from peripheral blood of
HAM/TSP patients using a cell high-speed sorting. First round of PCR
with DNA from three donors (lanes 1–7). L: 50-bp DNA ladder. (1)
Patient 1 CD4+ cells. (2) Patient 1 TCR𝛾𝛿+ cells. (3) Patient 2 CD4+

cells. (4) Patient 2 TCR𝛾𝛿+ cells. (5) Patient 3 CD4+ cells. (6) Patient
3 TCR𝛾𝛿+ cells. (7) Negative control. Second round of PCR using first-
round PCR products from the same three donors (lanes 8–14)

asymptomatic carriers. In HIV infection, NKp30 engagement on 𝛾𝛿 T

lymphocytes induced the secretion of CCL3 (MIP-1𝛼), CCL4 (MIP-1𝛽),

andCCL5 (RANTES) by these cells.32 Indeed,HTLV-1-infectedpatients

presented increased serum levels of CCL3 and CCL5 compared to

uninfected individuals (Supplementary Fig. S1). Thus, it would be inter-

esting to evaluate in which extent 𝛾𝛿 T lymphocytes contribute for

raised serum levels of CCR5-ligand chemokines in HTLV-1 infection.

Interestingly, the engagementofNKp30of human 𝛾𝛿 T lymphocytes

induces leukemia cytotoxicity in vitro. Furthermore, 𝛾𝛿 T lymphocytes

canbe stimulated and cultivated for a fewweeks to induce cell prolifer-

ation and NCRs expression.57 The 𝛾𝛿 T lymphocyte capacity to inhibit

cancer progression alsodemonstrated in variousmodels in vivo.Nowa-

days, strategies for therapeutic useof these cells havebeenextensively

studied, through adoptively transferred to patients, as well as directly

stimulated to propagate in vivo.58 Similar immunotherapy has never

been tested in HTLV-1-infected patients in order to control viral load

or ameliorates co-infections incidence.

It has been shown that CD8+ CTLs participate in the control of

HTLV-1 infection. However, the quality of this activity can be asso-

ciated to prevention or development of HAM/TSP.57,58 Interestingly,

Sabouri et al.59 demonstrated that the expression of perforin in CD8+

T lymphocytes fromHAM/TSPpatientswas reduced compared to cells

from AC and uninfected individuals. HTLV-1-specific CD8+ CTLs from

HAM/TSP patients also showed significantly lower degranulation lev-

els in comparison to AC, by a CD107a mobilization assay. In addition,

it was observed a significant decrease of GrB+CD8+ CTLs, although

similar GrB levels were displayed by these cells in HTLV-1-infected

patients and uninfected individuals. Thus, these authors suggested

that an impaired function of HTLV-1-specific CTLs is associated with

failure in infection control, favoring HAM/TSP disease. The release of

perforin and GrB is also one of the mechanisms that 𝛾𝛿 T lymphocytes

use to exert direct antiviral response.60 Here, we observed a reduction

of GrB+ 𝛾𝛿+ T lymphocytes in the peripheral blood of HTLV-1-infected

individuals, which was not related to impaired GrB gene transcription.

Indeed, GrB reduction correlated with increase in CD107a exposure,

indicating the degranulation of 𝛾𝛿 T lymphocytes. However, it is not

clear yet whether innate response mediated by 𝛾𝛿 T lymphocytes

throughMHC-independent mechanisms contributes for the control of

HTLV-1-infected cells in periphery or is involved in the pathogenesis

of HAM/TSP.

Many cell types are involved in the development of demyelinating

diseases. Some studies have shown 𝛾𝛿 T lymphocytes in cerebrospinal

fluid and in demyelinating acute plaques from multiple sclerosis (MS)

patients, suggesting the participation of these cells in the disease

onset.62–64 Moreover, 𝛾𝛿 T lymphocytes isolated from MS patients

were able to induce the death of human brain-derived oligodendro-

cytes through a cellular degranulation-dependent pathway.63 In turn,

the depletion of 𝛾𝛿 T lymphocytes in the experimental autoimmune

encephalomyelitis (EAE), a murine model of human MS, was able to

reduce the severity of disease.64 It has been shown that IFN-𝛾 is a

key cytokine associated with MS and EAE inflammation and it can be

detected inMS lesions.65 Consistent with this idea, our results demon-

strated that IFN-𝛾+ 𝛾𝛿 T lymphocytes are in higher frequency in HTLV-

1-infected patients compared to uninfected individuals.Moreover, this

event positively correlated with HTLV-1 proviral load, indicating that

increasing numbers of infected cells reflects on higher IFN-𝛾 produc-

tion by 𝛾𝛿 T lymphocytes. Unfortunately, limited access to 𝛾𝛿 T lympho-

cytes from cerebrospinal fluid and from skin or mucosal tissue limits

the execution of studies to define the exact role of these cells in the

central nervous andmucosal environments in HTLV-1 infection.

In conclusion, our results indicated that HTLV-1 infection induces

important changes on 𝛾𝛿 T lymphocytes, modulating the expression

of molecules related to mechanisms of cytotoxicity, inducing cell pro-

liferation and the production of IFN-𝛾 . However, these effects were

independent of cell infection, which suggests that changes in the cell

microenvironment during HTLV-1 infection cause these alterations.

Collectively, our results suggest that 𝛾𝛿 T lymphocytesmay be involved

in thepathophysiologyofHTLV-1 infection, and the elucidationof their

role in infection can point targets for new therapeutic strategies that

induce the improvement of 𝛾𝛿 T lymphocyte response.
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