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Reduced Tim-3 expression on human T-lymphotropic virus type I

(HTLV-I) Tax-specific cytotoxic T lymphocytes in HTLV-I infection
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[Introduction and Objectives)

Human T-lymphotropic virus type I (HTLV-I) is a retrovirus that preférentially infects CD4" lymphocytes in
vivo. Although HTLV-I infection is life long, less than 1% of infected individuals develop HTLV-I-associated
myelopathy/tropical spastic paraparesis (HAM/TSP), a neurologic disease. HTLV-I proviral load and frequency
of HTLV-I-specific CD8™ cytotoxic T lymphocytes (CTLs) are increased in the peripheral blood of patients with
HAM/TSP as compared to asymptomatic carriers. Although increasing evidence supports the hypothesis that
such a strong CTL response could certainly contribute to the control of viral replication and disease
development, the exact pathogenic role of the CTL responses remains unclear. T-cell immunoglobulin and
mucin domain-containing molecule-3 (Tim-3) and programmed cell death-1 (PD-1) are T-cell exhaustion
molecules and it remains unclear whether CTL function is impaired in HAM/TSP patients. In this study, we
investigated Tim-3 and PD-1 expression in HTLV-1 infection. In particular, we studied HTLV-I-specific CTLs
and their degranulation activity in HAM/TSP patients and asymptomatic carriers as well as the role of Tim-3

and PD-1 in regulating their function.

{Materials and Methods]
Using the PBMCs of 32 HAM/TSP patients, 31 asymptomatic carriers (ACs) and 11 healthy controls (HCs),
by the flow cytometer, we detected: .
«  Tim-3 or PD-lexpression on CD3+CD4+, CD3+CD8+ and CD8+Tax tetramer+ cells.
«  IFN-y production in Tim-3+ and Tim-3— or in PD-1+ and PD-1- cells in both CD8+ and Tax tetramer+
cells.
+ CTL cytolytic activity measured by CD107a degranulation assay in Tim-3+ and Tim-3- or in PD-1+
and PD-1- cells in Tax tetramer+ cells.
+ Tim-3 or PD-1 expression on HTLV-I-infected CD4+ or CD8* cells.
The quantitative PCR. of HTLV-1 proviral load for infected cases was done.

[Results]
»  Low expression of Tim-3 on CD4+ and CD8+ T cells in HTLV-1 infected individuals in comparison to




hea]thy controls. .

= Low expression of Tim-3 on HTLV-1 Tax-specific CTLs compared with CMV-specific CTLs in HTLV-1
infection.

»  There is no significant difference in frequency of Tim-3+ cells in HTLV-I Tax-specitfic CTLs in both
HAM/TSP patients and asymptomatic carriers, although the mean fluorescence intensity (MFI) is higher in
asymptomatic carriers than in HAM/TSP patients.

«  There is no significant difference in PD-1 expression (neither frequency nor MFI) between HAM/TSP
patients, asymptomatic carriers and healthy controls in either CD4+ or CD8+cells.

. Siém'ﬁcant higher expression of PD-1 on HTLV-I Tax-specific CTLs compared with CMV-specific CTLs
in HAM/TSP patients, and on Tax-specific CTLs in asymptomatic carriers than in HAM/TSP patients.

+  Reduced IFN-y production and cytolytic activity (CD107a expression) in Tim-3+, but not PD- 1+, HTLV-1
Tax-specific CTLs.

«  No difference in the expression of Tim-3 or cytolytic activity between Tax-specific CTLs of HAM/TSP
patients or asymptomatic carriers.

¢ The frequencies of Tim-3+ or PD-1+ cells in Tax-specific CTLs did not correlate with HTLV-1 proviral
loads, duration of illness, disease activity, age of the patients or serum HTL V-1 antibody titer in HAM/TSP
patients.

+  Low expression of Tim-3 on CD4+ and CD8+ HTLV-I-infected cells. Low expression of PD-1 on CD8+
HTLV-I infected cells.

[Discussion and Conclusions ]

The decreased expression of Tim-3 in HTLV-I infection is a marked contrast to other chronic viral infecticns
such as HIV and HCV infection, where Tim-3 expression is increased in T cells, including the virus-specific
CTLs. As our and others’ results proved that Tim-3 identifies a subset of CTLs with impaired production of
cytokines and cytolytic activity. It strongly suggests that the Thl/Tc]l immune response is not negatively
regulated by Tim-3 in HTLV-I infection. Rather, immune cells such as HTLV-I-specific CTLs may be resistant
to cell death through the Tim-3/galectin-9 pathway. IFN-y production was higher in CD&+ cells and HTLV-1
Tax-specific CTLs that expressed PD-1, which also show higher CD107a expression as compared to their PD-1-
counterparts in HAM/TSP patients. These results indicate that PD-1+ HTLV-I Tax-specific CTLs are capable of
producing proinflammatory cytokines and have high cytolytic activity during HTLV-] infection. These results
suggest that PD-1 and Tim-3 may have a distinct function in regulating immune responses in HTLV-1 infection.
Tim-3 and CD107a expression in HTLV-I Tax-specific CTLs are not significantly different between HAM/TSP
patients and asymptomatic carriers. Therefore, we concluded that Tim-3, but not PD-1, expression is reduced in
HTLV-I infection and that the expression levels on HTLV-1 Tax-specific CTLs are not different between
HAM/TSP patients and HTLV-I carries. These results suggest that HTLV-I Tax-specific CTLs preserve their

cytolytic activity, thereby controlling viral replication.

(The Journal of Infectious Diseases ,in press)
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Reduced Tim-3 expression on human T-lymphotropic virus type I (HTLV-I)
Tax-specific eytotoxic T lymphocytes in HTLV-I infection

(HTLV-I 3233175 HTLV- FE2HMAEZENE TV /_BKT0 Tim-3 BEHROKT)

HAM I¥ HTLV-I BEeE D 1%L TICRAET 5, HAM & SMEEE HTLV-I S+ U 7 TORbLKRER
EVME, HAM Tik HTLV-L U 2B KU HTL V-] fRRAVRIRREESE T U > 98k (CTL) 8%
ETHY, UANZAEPEDTAIE HAM OFREBREETH HOLEFZLLNRTWD, TF, REEY
MESTFTH D Tim-3 38 L PD-1 BFEE &, HIV L HCV 72 ¥ OM8M: 7 o L 2 BIGEIC 381 5 E 1
DHFRBMORE, CTL 72 & OREMIENEIE L. ¥4 L RBHRR EE T2 A0 & A S h T
Wh, FZTHULHERE LI, HAM BXUX % U 7 2 &7 HTLV-I BHE I8V T, HILV- R
BY CTL B3 EF LTV DO - HAM O CTLIIX ¥ )V 7 LV EZ L T A0 DWW TR E
To7c, HAM BL %+ U 7D PBMC # AW T, CD8HlA, CDA+HHER2 LU, 7 b T =—TH
FE &I HTLV-I Tax £ 589 CTL 128 % Tim-3 B XU PD-1 DFBE, 7o —3 o ;A b ) —iZTH
FYLTZ, @ BITH A bAoA CEARE L CTLEE R, U A A RFUERIEIC & 5 IFN-yBEEA 72 5 THNT CD107a
BB TAE L, Zhbe, BEDYANIBRERNT X —F2— & OBEZ B L.

TORER, FFRICEL Y UTOMREBHALNII AT,
1) HAM B L CVHTLV-I %+ U 7EEHIE T D Tim-3 OFEiZ, EEF LT, Vo Siikek
77 B TMZ HTLVAI Tax $E2R9 CTL iCBW TR T L T,
2) HAM &%+ U 7 Tk, HTLV-I#2H CTL T® Tim-3 [RIEMRRITZEN 200 7x,
3) Tim-3 BHEMIE T, FNyEEB L CTLEMIZET L, PD-1 BB TIZN Th o T,
4) HAM &%+ U 7 Tid. HTILV-I #2/) CTL T® CD107a BEIXZN R o7,
5) HTLV-1 BEYLABER Tid, Tim-3 72 5 ONE PD-1 ORBIXET LT,

AHFGEE, HILV-] BRYE T DB O A NV ABRRE L B2 Y | A LREBRN CTL 2315
HIRIERE L CnvienW D &R L, HTLV-I EREOH = B ER LT Lz, & 52, HAM &%
¥ U7 Cid, HTLV-I 8218 CTL 7Y @ CTL EHEICIZZER W L3R L, HAM BT 5710
ABOEKNMOIRRIC LD RMEE R LR T, FRICHRE, Lo TR, 2R e L

TR fEEzHm 260 LHE L,
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Q1) There is a speculation that HTLV-I-specific CTLs in HAM patients have low cytolytic activity than in
carriers. How does the immune response in HAM lead to neural cell damage?

Answer: [ found that the CTL activity in HAM patients is not different from that in carries. HAM patients
have a higher frequency of the CTLs than carries. The strong CTL response may reduce the
HTLV-I-infected cells, while such strong response may cause pathological tissue damage such as neural

cell damage.

Q2) Are there any differences between HLA-A2 and A24 positive HAM patients regarding CTL activity?
Answer: No, I could not detect any differences between the two groups regarding cytolytic activity.

Q3) Which type is more common, HLA-A2 or HLA-A24, in Egypt?
Answer: [ have no accurate data regarding HLA typing in Egypt.

Q4) Does Tax reduce Tim-3 expression, or does not a Tim-3 expressing cell express Tax protein?
Answer: | investigated whether Tax expression correlated with Tim-3 MFI or frequency, but I could not

detect any correlations. However, some kinetics examinations would be needed.

Q5) In the Fig 1B and C, the percentages of the Tim-3 were reduced in the infected individuals, while the
MFI was higher in carriers than in controls. What is your explanation?
Answer: | have no exact explanation. I speculate that HAM patients may have increased Th17 cells, which

by nature express a lesser amount of Tim-3 than Th1 cells. This may cause the reduced MF] on the cells.

Qo6) In the Fig 4A and B, why are the percentages of INF-y+ cells different between in the histogram
diagram and in the column chart?

Answer: To know the TFN-y expression in Tim-3 positive or negative cells, we normalized the values in

either Tim-3 -positive or -negative cell population, which are shown in the column chart.
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Q7) You detected the CTL activity against whole PBMC. Why did not you evaluate the activity against
HTLV-I-infected CD4+ cells?

Answer: The aim of this assay was to evaluate the maximum response of HTLV-I-specific CTLs, therefore,
we exogenously added Tax antigen to the whole PBMC. The point is important, however, it is difficult to
evaluate CTL activity against naturally infected CD4+ cells, because the CD4+ cells do not express viral

antigens.

Q8) Do the CTLs act via either paracrine or autocrine mechanism?
Answer: CTLs usually function via paracrine mechanism, as they secrete many cytokines, such as INF-y

and degranulate vesicles containing granzyme B and perforin, to the target cells.

Q9) How about Tim-3 expression in ATL patients?

Answer: To my knowledge, there is no report regarding Tim-3 expression in ATL patients.

Q10) Why does HTLV-I mainly infect CD4+ cells?
Answer: In vitro, HTLV-I infects many cell types like CD4, CD8, DCs, epithelial cells and monocytes. |
am not sure why it is mainly detected in CD4+ cells in vivo. I speculate that CD4+ cells may have a high

proliferation capacity.

Q11) How did you quantify HTLV-I proviral load by PCR?
Answer: The quantitative PCR was carried out using HTLV-I Tax primers and B-actin’ primers. The copy
numbers of tax and B-actin genes were determined by each standard curve. The proviral loads were

corrected using the amount of -actin.

Q12) How did you know that the degranulation assay only recognized the surface expression of CD107a,
but not intracellular expression?
Answer: | detected CD107a on the cell surface during antigen stimulation by adding anti-CD107a antibody

into the culture. In addition, I detected no CD107a without antigen stimulation and on resting cells.

Q13) How does Tim-3 or PD-1 affect the IFN-y expression?
Answer; IFN-y production is regulated by two signaling pathways from the T cell receptor and
costimulatory receptor, via contact to antigen-presenting cells. Tim-3 and PD-1 may play a role in the

pathways, but it is still unclear.

Q14) How did you select the controls in your study?

Answer: The main selection point is to be HTLV-1 negative.
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Q15) As Tim-3 expression is reduced in both carriers and HAM patients, does it mean that it is not related

to disease onset?

Answer: It would not a determinant for the disease development from the carrier state.

Q16) In the Fig 1A, why is the Tim-3 expression so different between in the gated total lymphocytes and in
both CD4+ and CD8+ cells?
Answer: Tim-3 is also expressed by other types of cells including dendritic cells, natural killer cells, mast

cells and monocytes. Some of them were included within the gated lymphocytes.

Q17) What is the percentage of infected cells in CD8+ cells?
Answer: The range of infected CD8+ cells in HAM patients was 0.4% — 5% and the mean was 2% of the
total CD8+ population,

Q18) The total frequency of CD107a positive cells showed no difference between carriers and HAM
patients within Tax tetramer+ cells. How do you explain the CTLs may contribute to HAM pathogenesis?

Answer: HAM patients have a higher frequency of the CTLs. Therefore, it seemed that the total CTL
response is higher in HAM patients than in carriers, which may cause pathological tissue damage.

However, more detailed analyses are needed.

Q19) Tim-3 is expressed by only 3% of HTLV-I-specific CTLs, how do you think that it plays a role in
HAM pathology?
Answer: The reduced expression of Tim-3 suggests that the immune response in HAM patients is still

strong or not so exhausted, which contrasts to other chronic viral infections.

Q20) Is there any speculation why Tim-3 expression is different between HTLV-I infection and HCV or
HIV infection?

Answer: [ have no exact reason. The question is interesting and would be a further study project.

Q21) Is there any negative correlation between the frequency of PD-1 positive cells and the frequency of
virus specific T cells in HTLV-I infection?
Answer: I did not find a correlation between the PD-1 expression and HTLV-I-specific CTL number.

Q22) Did you examine correlation between the frequency of Tim-3 and markers for autoimmune diseases
(such as ANA, RA factor, anti CI-Ab) ?
Answer: It is a very interesting idea and I hope to do it in a future study.
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