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ǝɓ�ɇ 

 

AIDS   acquired immunodeficiency syndrome 

APC   antigen presenting cell 

ART   antiretroviral therapy 

CM   central memory 

CMV   cytomegalovirus 

CTL   cytotoxic T lymphocyte 

CVD   cardio vasucular disease 

DHHS   Department of Health and Human Services 

ELISA   enzyme-linked ImmunoSorbent Assay 

EM   effector memory 

FCS   fetal bovine serum 

FMO   fluorescence-minus-one 

HATs   histone acetyltransferases 

HC   helthy control 

HIV   human immunodeficency virus 

HRP   Horseradish peroxidase 

ICS   intracellular cytokine staining 

KO   knock out 

MHC   major histocompatibility complex 

N   naïve 
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NCDs   Non-communicable diseases 

NF-�B   nuclear factor �B 

NFAT   nuclear factor of activated T cells 

OD   optical density 

PBMC   peripheral blood mononuclear cell 

PBS   phosphate buffered saline 

PD-1   programmed cell death-1 

PHA   phytohaemagglutinin 

PI   phosphatidyl inositol 

RPMI1640  Roswell Park Memorial Institute 1640 

RTE   recent thymic emigrants 

STs   prematurely terminated short HIV-1 transcripts 

SWI/SNF complex  SWI/SNF chromatin remodeling complex 

TCR   T cell receptor 

TEMRA   T effector memory reexpressing CD45RA 

TG   transgenic 

TMB   tetramethylbenzidine 

TNFRSF   tumor necrosis factor receptor superfamily 

TSCM   memory stem T cells 

VL   viral load 

WT   wild type 
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0�9. 

� kd¼Ǡ�¿IH|ZʝHIVʞŘƗǤ0ʟ}d~IH|Zǽ}�`IH|Z�ǽ.

Èʔ�@? HIV.<?IH|ZŘƗǤ*�? 1ʠƍƭǦ*0�ŉ�ȸ*ʟ5+D,/

HIV ŘƗȦ�ŵļ�=Ûŵļ/Ȕɮ*ŉĚŒ¼Ǡ�¿Ǥ°ȢʝAIDSʞCǨǤ�ƥ�

�? 1,2ʠ2014ļƎƂǉ/¿�ǜ* 3690��/ HIVŘƗȦ�ǖġ�)�>ʟ2014ļ/

1ļɽ. 200���ŹɆ. HIV.ŘƗ�$+Ŭĥ�@)�? 3ʠºɬć*0 1990ļ�

ŉÜ.ĘÐ¥ǘ/ţ}d~IH|ZǦƯʝARTʞ�ĦǘÙ�Ƅâ�$�+.<>ʟHIV

ŘƗȦ/�ŉ0ȼ��Űý�$ 4,5ʠ 

� ƋÖ- ART .<>ȿǄ�/ HIV RNA ɺʝIH|Zɺʞ�ƛÇʁǜ��+->ʟ

CD4ʅŒ TȑȫŵʝCD4ŵʞ/āō�$ HIVŘƗȦ0ʟȑȫŒ¼Ǡ�¿/�ő/Ű

ýCŋ?$9ʟAIDS .<?ƥ�0ȼ��ǀį�? 4,6,7ʠ���ʟ¢Á/ HIV Cģ¿

.ũʃ�?�+0*�-�$9ʟǖƸ.B$> ART CβȚ�?ŐɄ��? 8ʠ7$ʟ

´ĺȦ+ƪɠ�)×ȮǵÙ 9,10ʟŏȿȊǢœʝCVDʞ11-14ʟǧ 15,16ʟȯƠȭʈĨ 17ʟŚŒ

ɻđŒȨǢœ 18ʟȧǵĖ 19�ȧȑȫǧ 16,20ʟʙĒɺ/ � 21ʟɑǰƠȭ/ʈĨ 22ʟm}

H| 23-,/ Non-communicable diseasesʝNCDsʞ/κœǒ�ʚ�ʟĻĊ£ø:Ǳ��

+��ŕ�@)�? 24,25ʠßĂ+�)ʟƦġ�? HIV8ʟART/Ñ¤ǘ 26,27ʟþǊ 28-

,/ǖƲμśʟIH|ZŒȧǈ/í¥ 20,29ʟART.<> HIVŘƗǤ�ŚŒǢœ+-'
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$ 30�+.<?œȦ/ʚʛÙʟ-,�ȥ�=@?�ʟ"@=.Õ�ʟ¼ǠȎ/ŦȚǩ

-ƲŒÙ�ȤÙ�ưǫ�@)�? 31ʠ 

� HIVŘƗǤ/�-ǣř0ʟȑȫŒ¼Ǡ�¿*�?�ʟïƂ.ŦȚǩ-¼ǠƲŒÙ�

ġĈ� 32ʟHIVŘƗǤȵ¢/ēŔ 33; NCDs/ǨǤ�ēŔ.ɾ��)�?+ȥ�=@

?ʠHIVŘƗȦ.��)0ʟʝ1ʞHIVŘƗ.Ĭ�?¼ǠőȈ 34ʟʝ2ʞHIV^�jQɜ

�¼ǠőȈC�� ^�jQɜ/Ơȭ+�)¼ǠťņȑȫCƲŒÙ�? 35ʟʝ3ʞ

regulatory Tȑȫ/αĬŵ/ǀį 36ʟʝ4ʞHIVŘƗžƌ.ȱȊĔi{F�¶Ĩ�@?�

+.<?ŦȚǩ-Microbial translocation37,38ʟʝ5ʞȑȫŒ¼Ǡ�¿�=żùɅŘƗǤʝOIʞ

/ǨǤ;VHdvN~IH|ZʝCMVʞÂƲŒÙ 39-,ʟ�¼ǠťņȑȫCƲŒÙ�

!ʟǈǤŒVHdMH�/ēǖ;¼Ǡťņȑȫ/ȑȫēƧCȔ)ʟŦȚǩ-¼ǠƲŒ

ÙCń�ɝ��)�?+ȥ�=@?ʠɣļʟNCDs.��?¼ǠȎ/ɹɄŒ�ǹ�@

)�? 40-42�ʟHIVŘƗȦ.��):ŦȚǩ-¼ǠƲŒÙ0ʟ¿ƥ� 34,38,43ʟCD4ŵ/

āō�Ŕ��+ 33;×ȮǵÙ 44ʟ-,+/ɾɫ�ǹ�@)�?ʠƇ.ʟ�@=/ǣř

�ŦȚ�?�+*¼ǠȎ0ȤÙ�?+ȥ�=@?ʠ 

� ŚŒƌ/ HIVŘƗȦ/¼ǠǲȂ.��)ʟHIVŘƗȦ*ɅÇ�@?¼Ǡ/ĖÙ�ʟ

ʚʛȦ.��?Õʛ/¼Ǡ3/Ňʏ+ʔ��)�?�+�ŧŮ�@ʟ¼ǠȎ/ȤÙ

ʝ¼ǠȤÙʞ+�)ưǫ�@)�?ʠHIVŘƗȦ/¼ǠȤÙ0ʟCD57ʅŒ CD8ʅŒ
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Tȑȫ/ēÕ 45ʟNaive Tȑȫƪǒ/ � 46ʟCD4/8ƪ/ � 47ʟ-,Cs�M�+�

ĥɺ�?�+�èȭ*ʟ¼ǠȤÙ�ʚł-œȦ0ʟ�Q`�/Öƕ/ � 48ʟ¿ƥ�

/ēÕ 47-,ʟȤÙ.ɾɫ�$Hp�d+ɾɫCǹû�@)�?ʠ���ʟǠĢ}p

|*/ǲȂ�Ę�ʟ"/ÈĠǩ-Ơŀ0ƀ=�*-�ʠ 

� ǓǏʟĦʇ/ HIV ɏǦ/ǓĐ*ʟŦȚǩ-¼ǠƲŒÙ�ȤÙ.Ĭ�)ü�ƋÖ-

�¾0ʟžƌ/ ARTĮ¾/8*�? 33,49-51ʠ2015ļ 4Ɗ.Űĥ�@$ȍć¬´ǻǺǮ

/�Guidelines for the Use of Antiretroviral Agents in HIV-1-Infected Adults and Adolescents�

ʝDHHS/ HIVƭǦNHezH�ʞ*ʟ�ART.<>IH|Z�ŢÍ�@)�?.:

ɾB= ʟŦȚ�?ǈǤʝßʓʡPoor CD4 Cell Recovery and Persistent Inflammation 

Despite Viral Suppressionʞ
+ʓ�@$Źȅ�ɥÕ�@$ 52ʠŹȅ*0ʟART.<>I

H|Z�ŢÍ�@)�?Ǥ§*Ǩǖ�? AIDSƥ�;ʍ AIDSƥ�C�ǂ�?ĂĠ+

�)/ŦȚǩ-¼ǠƲŒÙ/ġĈ0ɑ9((:ʟ¼ǠƲŒÙCɟǀ�?�+Cǫǩ+

�$ ART}Yv�/ĖƇ;¼ǠƞǩƭǦʝimmunologically targeted interventionʞ0�Ņ

�ʍŬĝ
+�)�?ʠ7$ʟƋÖ-�¾�-��+CǕǙ.¼ǠƲŒÙ/wg^{

�R���Ņ�ʍŬĝ
+�)�?ʠ 

� Ų.ʟ¼ǠȎ/ŦȚǩ-ƲŒÙ�ȤÙCĎǸÚĢǩ-Fo~�`.<>ɉƔ�ʟƋ

Ö- ART�βȚ�@)�? HIVŘƗȦ/�ŉŰý.(-�?�¾CɅ�Ç��+�
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*�@1ʟȴĿőǘ3+Ȟ�?b�s*�?ʠ 

� ��/ȩƅ<>ʟHIVŘƗȦ/ȴĿƛ¢Cǘ�)ʟ¼ǠȎ/ŦȚǩ-ƲŒÙ�ȤÙ

CʟTȑȫ.ưǫ�)ǲȂ�?�+Cǫŧ�$ʠ 

� ȇ 1ɵ*0ʟTȑȫ/ƲŒÙ;ǖġ.ɹɄ-ÀÎǅÈĠ*�? OX40.ưǫ�ʟHIV

ŘƗȦ*0ʟƏƒ OX40ǨǓ� � CD8ʅŒ Naive Tȑȫ*ʚǨǓ+->ʟOX40Ǩ

Ǔ+®¢/¼ǠȤÙ�ƋŖ.ǭɾCǹ��+CɅÇ�$ʠ 

� ȇ 2ɵ*0ʟƋÖ- ART.<>ȿǄ�/IH|Zɺ�ƛÇʁǜ��+-'$ HIV

ŘƗȦ.��)ʟ�ģ¿-o~IH|Z/ɞÃ���)�>ʟ"@� Tȑȫ/ŦȚǩ

-¼ǠƲŒÙ.ɾ��)�?�+Cǹ�$ʠ 
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ȇ 1ɵ 

 

HIVŘƗȦ/ CD8ʅŒ Naive Tȑȫ*0 OX40/ǟĺ-ǨǓC

ɑ9ʟ 

"@0¼ǠȤÙ+ɾɫ��? 
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ɄŽ 

� HIVŘƗȦ*ɑ9? Tȑȫ/ǟĺ/�ɵ0ʟ́ ĺʚʛȦ*Ɉī�@?:/+ʔ��

)�>ʟ¼ǠȤÙ+÷1@?ʠ¼ǠȤÙ/ÈĠǩ-Ơŀ0ƀ=�*-�ʠ7$ʟHIV

ŘƗǤ+/ɾB>*ʟÀÎǅÈĠ OX40/ǰɅ0į-�ʠ 

� ƏǲȂ*ʟHIVŘƗȦ.��? OX40/Ŗö.(�)ƟȐ�ʟƉȒǩ.ʟHIVŘƗ

Ȧ*0Əƒ0 OX40ǨǓ� � CD8ʅŒ Naive Tȑȫ* OX40ʅŒʒł�ʚ±+-'

)�?�+�ƀ=�+-'$ʝą 12ʞʠ7$ʟ"/ǟĺ- OX40ǨǓ+¼ǠȤÙ/s

�M�*�?Vn\adÈĶ/ǟĺ0ǭɾCǹ��+CɅÇ�$ʝą 14ʞʠ 

� �/ȕƕ0ʟCD8ʅŒ Naive Tȑȫ.��? OX40/ǟĺǨǓ0ʟ¼ǠȤÙ/s�

M�*�?ʟ�?�0ʟßĂ/�ɵ*�?�+Cǹû�)�?ʠ  
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ŀŶ 

� �/ȳÿ+ïƜ.¼ǠȎ:ȤÙ�?+ȥ�=@?ʠHIV .ŘƗ�)�-�ʚʛȦ

ʝ´ĺʚʛȦʞ/¼ǠȎCȻļȦ+ƪɠ�$Đíʟʝ1ʞɪȿĽȑȫ/Ơȭǟĺ 53ʟʝ2ʞ

ȬȲ/ɦȝ 54ʟʝ3ʞƎƚȿ�/fH�n Tȑȫ/ǀį 55ʟʝ4ʞÈÙƨʆ/ɬD%ēƧ

ȭ/��� CD28ʄŒ Tȑȫ/ēÕ 56,57ʟʝ5ʞIL-6-,ǈǤŒVHdMH�/ēÕ 58ʟ

ʝ6ʞCD4ʅŒ Tȑȫ+ CD8ʅŒ Tȑȫ/ƪǒʝCD4/8ƪʞ/ � 56ʟʝ7ʞCMV/

ÂƲŒÙ 59ʟ-,Cɑ9ʟ�@=/ǿł�ʚ�ʚʛȦ0¿ƥ� 58,60;H�m|J�W

�Q`��ő 61ʟCVD59-,/{ZQ�ʚ�ʠ 

� HIV ŘƗȦ*0ŦȚǩ-¼ǠƲŒÙ�ġĈ�ʟ"/�ɵ0ƋÖ- ART .<>ȑȫ

Œ¼Ǡ��ő/āōCǹ�$ŉ:ŦȚ�)�?ʠTȑȫ.ưǫ�?+ʟ¼ǠƲŒÙ�

ŦȚ�?�+0ʟʝ1ʞTȑȫ/ɮÒ-şǌʟʝ2ʞÏʗȑȫ/Ɩƾʟʝ3ʞTȑȫ/Ơȭ

�¿ʟCń�ɝ�� 31ʠ�@=/ Tȑȫ/ǟĺ0ʟ´ĺʚʛȦ*Ɉī�@?:/+ʔ

��)�>¼ǠȤÙʝImmunosenescenceʞ+÷1@?ʠ 

� CD4/8ʅŒ Tȑȫ0ʟCD45RA; CCR7-,/ɁʎÈĠCm~�VHdvd{�C

ǘ�)ɉƔ�?�+*ÈÙƨʆ.ő�$Vn\ad.ÈǛ�?�+�Çƒ? 62ʠƏǲ

Ȃ*0ʟCD45RAʅŒ/CCR7ʅŒ/fH�nTȑȫʟCD45RAʄŒ/CCR7ʅŒ/Central 

memoryʝCMʞTȑȫʟCD45RAʄŒ/CCR7ʄŒ/ Effector memoryʝEMʞTȑȫʟ
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CD45RAʅŒ/CCR7ʄŒ/ T effector memory reexpressing CD45RAʝTEMRAʞʟ/ 4

Vn\ad.ÈǛ�$ʝą 1ʞʠfH�n Tȑȫ0ţßƍūɊ* EffectorƠȭCŦ$-

��ʟʚ�ēƧ�ÈÙȭCŦ&ʟţßÎǅCȔ) CMʟEMʟTEMRA3+ÈÙ�?.

Ŋ')ēƧ�ÈȭCĜ� EffectorƠȭCǑŋ�)��ʠÈǛ.ǘ�?ÈĠ.Ęį/Ę

ƜŒ0�?�ʟ�/ 4Vn\ad0ľ�ǘ�=@)�?ʠCD8ʅŒfH�n Tȑȫƪ

ǒ/ �0ʟCD57ʅŒvw{�Tȑȫ/ēÕʟCD4/8ƪ/ �ʟ-,+À. HIVŘ

ƗȦ/¼ǠȤÙ/s�M�+�)ǘ�=@)�>ʟƋÖ- ART�Į¾�@$ HIVŘ

ƗȦ.��)�Q`��ő+/ɾɫ�ǹ�@)�? 48ʝą 2ʞʠ  
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ą 1ʠm~�VHdv�^.<? 4Vn\ad3/ÈǛ 
ÈÙƨʆ.<? TȑȫVn\ad0 CD45RAʟCCR7*ïĥ�$ʠ 

Ŷǐ 62Cáȥ.ǚɖȦ¤şʠ 

 
ą 2ʠCD8ʅŒfH�n Tȑȫƪǒ+ŹċH�m|J�W�Q`�3/�őʝńǘŶ
ǐ 48<>zp|CɥÕ�$ʞ  

CD3+CD8+ gated 

N!

E!EM!

CD45RA 

CD3+CD8+ gated 

CCR7 CM!

Naïve (N) 
 
Central memory (CM) 
 
Effector memory (EM) 
 
TEMRA 
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Ref. 

Case:

Individuals with a known allergy to eggs or other components
of the vaccine, a history of severe reactions to previous immu-
nization with seasonal influenza vaccine, a known case of H1N1
influenza during the spring of 2009, or past receipt of the novel
H1N1 vaccine were excluded. A total of 120 subjects were in-
cluded in the study, which was described elsewhere by McKit-
trick et al [9]. All patients provided informed consent. Forty-six
subjects had frozen peripheral blood mononuclear cells

available to use for the purpose of this study. These 46 subjects
had baseline hemagglutination inhibition (HAI) titers of <40,
were receiving ART, and were aged 26–77 years (median age,
48 years); 69.6% were male, 63% were black, 10.9% were His-
panic/Latino, 23.9% were white, and 2.1% were Asian/Pacific Is-
lander. Furthermore, they had an average CD4+ T-cell count
(±SD) of 542 ± 306.8 cells/µL, and an average nadir CD4+ T-
cell count (±SD) of 193 ± 187.2 cells/µL; the HIV RNA load

Figure 1. Peripheral blood mononuclear cells were stained for markers of differentiation and analyzed via multiparameter flow cytometry. A and B, Mean
percentages (±SD) of naive (CD27+CD45RO−; 50.2% vs 33.5%; P = .02; A) and terminally differentiated effector (CD27−CD45RO−; 3.2% vs 11.3%; P = .007;
B) CD4+ T cells in the CD4+ T-cell population among responders and nonresponders. C and D, Mean percentages (±SD) of naive (CD27+CD45RO−; 41.5% vs
23.4%; P = .001; C) and terminally differentiated effector (CD27−CD45RO−; 26.1% vs 40.2%; P = .005; D) CD8+ T cells in the CD8+ T-cell population among
responders and nonresponders. E and F, Mean percentages (±SD) of activated (CD38+HLA-DR+) CD4+ T cells (1.56% ± 1.63% [n = 27] vs 1.95% ± 2.87%
[n = 19]; P = .7; E ) and CD8+ T cells (1.91% ± 1.79% [n = 27] vs 2.3% ± 3.63% [n = 19]; P = .8; F ) among responders and nonresponders.

BRIEF REPORT • JID 2014:210 (15 August) • 647

 at U
niversity of Tokyo Library on July 31, 2014

http://jid.oxfordjournals.org/
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� �ȷ.ʟfH�n TȑȫCQ~��ēƧ+ÈÙ�!?ƲŒÙXRf|0ʟʝ1ʞqo

`e��Ʉȓȟɰíɳ�ĠɃí¢ʝMHCʞɃí¢+ T ȑȫçĩ¢ʝTCRʞ+/ǭ�

¤ǘʝTCRÎǅʡXRf| 1ʞʟʝ2ʞÀÎǅÈĠ/XRf|ʝXRf| 2ʞʟʝ3ʞVH

dMH�ÎǅʝXRf| 3ʞʟ/ 3(�ŐɄ+ȥ�=@)�? 63ʠÀÎǅÈĠ0ʟ¼Ǡ

R~n{�Z�j�mEt{�.ı�? CD28�Ɖ:ɕ4=@)�? 63�ʟ�.:ē

Ƨ�ÈÙCŦȚ�­ʕ�!?�/ÀÎǅÈĠ�ǰ=@)�?ʠ 

� ȰǥĕƥĂĠçĩ¢Z�j�mEt{�ʝTNFRSFʞ.ı�?ÀÎǅÈĠ OX400ʟ

ƲŒÙÏ/fH�n Tȑȫ;�ƣƌvw{�ȑȫ*0ǨǓ! ʟTCRÎǅ/ 1�2ż

ŉ.�ɮŒ.ǨǓ�ʟţßŭǹȑȫʝAPCʞ-,.ǨǓ�? OX40{N�eʝOX40Lʞ

+ȕí�?�+*ʟƲŒÙ Tȑȫ.ÀÎǅXRf|Cŭ¨�? 64ʠOX40XRf|/

¤ǘ0Ęĳ.B$>ʟ�(ǲȂɨ�*�?�ʟʝ1ʞCD28 +ïƜ.ÊŘ¤/ʇ/ÀÎ

ǅ* Effector Tȑȫ/ǖġCēŅ�?ʟʝ2ʞvw{�Tȑȫ/ǖşCēŅ�?ʟʝ3ʞ

ƎƚȿȊ/ÁǪ.ǨǓ�?OX40L+ȕí�?�+*vw{�TȑȫCÂƲŒÙ�?ʟ

ʝ4ʞregulatory TȑȫCŢÍ�?ʟʝ5ʞTh2äőCēŅ�?ʟʝ6ʞsZdȑȫ;ȿȊ

ÁǪȑȫ.ǨǓ�? OX40L C��)Ǝƚ/ǈǤCēŅ�?ʟ-,�ďõ�@)�?

65ʠƠŀ+�)ʟOX40/ȑȫÁʑČ. Traf 2�ȕí�ʟNF-�BC��) TȑȫƲŒ

ÙC«ɬ�?�+ 66�ǰ=@)�?�ʟ"@*ɔƀ*�? OX40XRf|/¤ǘ0�
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ɤ/ʝ1ʞʝ3ʞʝ6ʞ/8*�>ʟʝ2ʞ-,/Ơŀ0ƀ=�*-�ʠ 

� HIVŘƗǤ+/ɾB>*ʟCD28mEt{�.ı�? PD-1; CTLA-4-,ŢÍŒ/

ɁʎÈĠ0ľ�ǲȂ�@)�?ʠ���ʟOX40/ǰɅ0į-�ʟƏǲȂ*0 HIVŘ

ƗȦ/ Tȑȫ.��? OX40/ňÓ.(�)ƟȐ�$ʠƉȒǩ.ʟHIVŘƗȦ*ɑ9

?¼ǠȤÙ+ HIVŘƗȦ.��? OX40/ǟĺǨǓ+/ɾɫCɅ�%�$ʠ 

� HIV ŘƗȦ*0ʟƏƒ OX40 ǨǓ� � CD8 ʅŒ Naive T ȑȫ*ʚǨǓ+->ʟ

OX40ǨǓ+®¢/¼ǠȤÙ�ƋŖ.ǭɾCǹ��+CɅÇ�$ʠ  
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Ɛŷ+źƯ 

HIVŘƗȦ 

� Ɠ�ęĢÚǽĢǲȂŠʀıǣʂėƒ.ɩʂ�/ HIV ŘƗȦ*ƈʎ.<?H�mK

�ueU�\�d�ŋ=@$œȦCĬɚ+�$ʠ�/ǲȂ0Ɠ�ęĢÚǽĢǲȂŠ

ʝšɑǞëʡ20-47-210521ʞʟ�<2ćȄŘƗǤǲȂŠʝšɑǞëʡ571ʞ/²Ǖğú

�/šɑCŋ$ʠ 

� œȦƛ¢Cǘ�$¿)/Ħʘ*ʟ��/Ƒ�*ƛ¢Cåʉ�$ʠ¿)/ HIV ŘƗ

ȦǙƒ/ƛ¢0ʟɏŸ�= 1ļ��Ȕɮ�$ŚŒƌ*ʟ�(ʟHIVŘƗ/{ZQĂĠ

0ïŒɽ�ǟŒɽŒ�ƿ*�>ʟȿãǣCó7-�ʠƍƭǦ HIVŘƗȦʝƍƭǦȢʞ

0ʟ¼ǠȎ�ģ¿.ǳț�$ AIDSƌCɴ�?$9ʟCD4ŵ 300/�l��*åʉ�$ʠ

Ƈ.ʟIH|Zɺ/¼ǠȎ3/ŇʏCĲË*�?<�.IH|Zɺ 5000copies/ml �

�/ƍƭǦ IH|ZȢ+ʟIH|Zɺ 25000copies/ml��/ƍƭǦʚIH|ZȢ*

åʉ�$ʠƋÖ- ART�Į¾�@$ HIVŘƗȦʝƭǦȢʞ0ʟARTĮ¾<> 1ļ�

�Ȕɮ�)�>ʟIH|Zɺ�ƛÇʁǜ��+-'$:/Cåʉ�$ʠĬǋ+�)

HIVʍŘƗȦʝ´ĺȦʞǙƒ/ƛ¢Cǘ�$ʠȢɽ*ļʛ+ CD4ŵʝ´ĺȦCʃ�ʞ

.ƋŖĵ�(�-�<�ɕȋ�åʉ�$ʠ 
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ƎƚȿÝƙǔʝPBMCʞ/Èʊ�¬ġ+ɉÅ 

� Ūæ�@$Ǝƚȿ0ʟïż�. 1500rpmʟ20ÈɯŏŉʟȿǄCÈʊ�-80�*¬ġ

�$ʠ�=.ȿǔşÈ�=ʟFicoll-Paque PLUSʝGE Healthcareʞ.<?ĪłØɶɯŏ

*ʟPBMCCÈʊ�ʟƱƴŉʟƹ¢ȃȏ�*¬ġ�@$ʠÅȕ PBMC0ʟ36�/ǁ

ƶƝ*ɉÅŉ. 10%ʍ¸ÙIXȪ½ȿƽʟ100U/mlqgX{�ʟ100�g/mlZd}o

dsHX�ʟ2mM L-R|^t�ʟ10mmol/L Hepes bufferʝSigmaʞCƼÕ�$ Roswell 

Park Memorial Institute 1640ʝRPMI1640ʞčĉ.Şǆ�@ʟ37�ʟ5%CO2*�ƃčʖ

ŉ.Ħʘ.ǘ�$ʠ 

 

PBMC/Îǅ+čʖ 

� PBMC0ȒǇł 5x105cells/250�l* UŁ 96ȁo}�d.ůȀ�@ʟÎǅƑ�+�

)ƍÎǅʟ�?�0ţ CD3/CD28ţ¢ĆǭÙl�[ʝDynabeads Human T-Activator 

CD3/CD28 ,GibcoʞCƼ�Ŷȅ/ŬĝǇł*ƼÕ� 37�ʟ5%CO2/H�Oxp�^*

čʖ�@$ʠčʖŉʟ1.5ml`x�n.āå�ʟčʖ�ƽ0-80�¬ġʟPBMC0čĉ

.ÂŞǆŉʟĭǘ/ǷÔCĸ2$é. 2ÈɽʌȠ�ʟţ CD3/CD28ţ¢ĆǭÙl�[

CÈʊ�$�*�ƽCȑȫ++:.āåʟïż�.m~�VHdvd{�*ɉƔ�@

$ʠ 
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ţ¢+ƥȑȫƗȹʟfluorescence-minus-one (FMO)U�d~�| 

� ìĦʘ/m~�VHdvd{�ʝFCMʞɉƔ0ì���/Ⱦ»ţ¢Cǘ�$ʠ 

�HIVŘƗȦ.��? OX40ǨǓCɐ©�?$9/�µǩ-ƛɌ 

CD3-PerCPʝBioLegendʞʟCD4-PE-CF594ʝBDʞʟCD8-Pacific BlueʝBioLegendʞʟ

CD45RA-FITCʝ BioLegendʞʟ CCR7-PE-Cy7ʝ BioLegendʞʟOX40-APCʝ BDʞʟ

CD25-APC-Cy7ʝBDʞʟCCR5-PEʝBioLegendʞʠ 

�´ĺȦ PBMCCǘ�$ TCRÎǅ.<? Tȑȫ/Vn\adÈÙ/ƛɌ 

CD3-APCʝBDʞʟCD4-PEʝBioLegendʞʟCD8-Pacific BlueʝBDʞʟCD45RA-FITC

ʝBioLegendʞʟCCR7-PE-Cy7ʝBioLegendʞʠ 

CD45RA+ CCR7/ FMOU�d~�|C¤ş 67�ʟƪɠ�)ǨǓCɐ©�$ʠ 

�HIVŘƗȦ+´ĺȦ.��? CD8ʅŒ TȑȫVn\adƩ/ OX40ǨǓ+ TCRÎ

ǅ.<? OX40ǨǓɒĮ 

CD3-PE-CF594ʝBDʞʟCD8-PerCPʝBioLegendʞʟCD45RA-APC-Cy7ʝBioLegendʞʟ

CCR7-PE-Cy7ʝBioLegendʞʟOX40-APCʝBDʞʟCD25-APC-Cy7ʝBDʞʟCD57-Pacific Blue

ʝBioLegendʞʟPD-1-FITCʝBioLegendʞʠ 

ex vivoʟTCRÎǅ 48Ƃɽŉ/ì�*ʟ¿ɁʎÈĠ/ FMOU�d~�|C¤ş 67�ʟ
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ƪɠ�)ǨǓCɐ©�$ʠ 

� 7$ʟ�4)/Ħʘ* LIVE/DEAD Fixable Aqua stain fluorescence (Invitrogen)CÌǘ

�)ƥȑȫCïĥ�$ʠ 

 

m~�VHdvd{� 

� PBMC/ÈǛ+ɁʎÈĠɉƔ0ʟ�. BD FACSAria cell sorterʝAriaʞʝBD Bioscienceʞ

+�ɵC BD FCASCalibur HGʝCaliburʞʝBD BioscienceʞCǘ�)ɉƔ�$ʠPBMC

0ƗȹÏ. FcR Blocking Reagent (Miltenyi Biotec)* 4�ʟ10ÈÆǕ�@$ʠÎǅ�$

PBMC0ȺǔÙ�ɁʎÈĠǨǓ/ĎǃCɎĥ�?/�Ąʋ-$9ʟƉȒǩ-œȦƛ¢

/ɁʎÈĠǨǓ0 fluorescence-minus-one (FMO) controls67+ƪɠ�ɉƔ�$ʠAriaʟ

Calibur�=ÇÔ�@$ FCSmEH|0 FlowJoʝversion 8.8.7ʟTree Starʞ*ɉƔ�$ʠ 

 

Enzyme-Linked ImmunoSorbent AssayʝELISAʞ 

� SwMH�/ĥɺ0 DuoSetELISA Development SystemʝRʜD SystemsʞCǘ�$ʠ

NuncHuho}�dsOX]�oʝThermo-Fisher Scientificʞ.ìţSwMH�ţ¢

CƼ�Ŷȅ.ɍɡ�@$"@#@/Ǉł* 50�l/well (ƼÕ�ʟħǁʟ�ƃ*ôǯ

�!$ʠ0.05%Tween-20/ Phosphate buffered salineʝPBSʞʟ300�l/well* 3āƱƴŉʟ
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1% Bovine serum albuminʝBSAʞ/PBS,300�l/wellʟħǁʟ1Ƃɽ*n~aO�R�$ʠ

0.05%Tween-20/PBSʟ300�l/well* 3āƱƴŉʟìVHdMH�/ķɸȎÉʟ�<2

čʖ�ƽC 50�l/well (ƼÕ�ʟħǁʟ2Ƃɽ*äő�!$ʠ0.05%Tween-20/PBSʟ

300�l/well* 3āƱƴŉʟlL`�Ù�$ìţSwMH�ţ¢CƼ�Ŷȅ.ɍɡ�@

$"@#@/Ǉł* 50�l/well (ƼÕ�ʟħǁʟ2Ƃɽ*ôǯ�!$ʠ

0.05%Tween-20/PBSʟ300�l/well* 3āƱƴŉʟHorseradish peroxidaseʝHRPʞƞəZ

d}odFlY�CƼÕ�ʟħǁʟ20È*äő�!$ʠ0.05%Tween-20/PBSʟ300�l/well

* 3āƱƴŉʟTMB substrate KitʝBio-Rad Laboratoriesʞ.Ƽ��@)�?ɮɷÙƫȏ

+bdzv`|p�YY�ʝTMBʞCƻùʟƼÕ�ʟɱ»ʟħǁʟ20È*äő�!

$ʠ2ɆĥǴɷ*äőC³ƣ�!ʟo}d{�_�* 450nm/»ĢǇłʝOD±ʞC

ǂĥ�$ʠ 

 

CMVţ¢© 

� CMVIgGţ¢©/ǂĥ0ʟCMV IgG ELISA KitʝGenesis DiagnosticsʞCǘ�$ʠȿ

Ǆ0ʟɉÅŉ. 8000rpm,5Èɯŏ�)ƵɭǍCʃà�ʟƼ�/ķɸƹ* 100¯ķɸ�

$ʠţ¢�U�d�@)�?Ƽ�/ 96ȁbZdo}�d.ƛ¢+ƞǃȿƽCì�200

�l/wellƼÕ�ʟħǁʟ20È*ôǯ�!ʟ3ā/Ʊƴ/ŉʟHRPƞəţkd IgGţ¢
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CƼÕ�ħǁʟ20È*äő�!$ʠ4ā/Ʊƴ/ŉʟƼ�/ TMBĎɜCƼÕ�ħǁʟ

10 Èäő/ŉʟo}d{�_�* 450nm / OD ±Cǂĥ�$ʠPrism 6ʝGraphpad 

SoftwareʞCǘ�ʟƞǃȿƽ<>ʟţ¢©+ OD ±/ƆȜɣ�C¤ş�ʟƛ¢/ţ¢

©CȉÇ�$ʠ 

 

ȗɋɉƔ 

� ǭɾ0 Spearman testʟ2Ȣɽĵ0Mann–Whitney U testʟĘȢɽĵ0 Kruskal-Wallis testʟ

�¹ɶȠÈŴÈƔ0 Friedman testCǘ�ʟPrism 6ʝGraphpad SoftwareʞC¦ǘ�$ʠ

ɹāĹÈƔ0 JMP Pro 10.0ʝSAS Institute Inc.ʞC¦ǘ�$ʠ¿)/ƛĥ*ʟƋŖƫǃ

+�) P =0.05Cǘ�$ʠ  
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ȕƕ 

HIVŘƗȦ.��? OX40ǨǓCɐ©�?$9/�µǩ-ƛɌ 

� HIVŘƗȦ.��? OX400ŵ§/ďõCɑ9?/8*ʟǨǓ/×ř; T{�jǔ

Vn\adƩ/ǨǓ/c�^0�ƀ*�?ʠ"�*ʟįŵ/œȦ+´ĺȦǙƒ/

PBMC Cǘ��µǩ-ƛɌĦʘCɀ'$ʠƏĦʘ*ǘ�$ HIV ŘƗȦ+U�d~�

|+�)ǘ�$ HIV ʍŘƗȦʝ´ĺȦʞ/ȩƅCɁ 1.ǹ�ʠHIV ŘƗǤ+ T ȑȫ

.��?OX40ǨǓ/ɾªCƀ=�.�?$9ʟǣƌ.ő�)ʟƍƭǦʚIH|ZȢʟ

ƍƭǦ IH|ZȢʟƭǦȢʟ/ 3 Ȣ.ĲË�$ʠìȢ* CD4 ŵ+ļʛ.ƋŖĵ0

-�ʠ7$ʟȴĿƛ¢Cǘ�$ǲȂ*0ʟ²Ǖǩ.ƛ¢/ɺ.Íʁ��?$9�ɵ/

®¢*^HurH�d�ơ�)�?ʠ  
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Ɂ 1ʠƏĦʘ*ǘ�$œȦƛ¢/ȩƅ 

 
ƏĦʘ*0ʟƍƭǦʚIH|ZȢ 9§ʟƍƭǦ IH|ZȢ 8§ʟƭǦȢ 8§ʟ´ĺ

Ȧ 8§C¦ǘ�$ʠ 
ǎ.ɍɡ/-�Đíʟŵ±0�ě±*Ɂɍ�$ʠȢɽĵ0 Kruskal-Wallis test*ƛĥ�
$ʠ  
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ą 3ʠGating strategy/ 1§ 
ex vivoʝAʞʟţ CD3CD28ţ¢Îǅŉ 12ƂɽʝBʞʟ24ƂɽʝCʞʟ48ƂɽʝDʞ/´
ĺȦ 1§/ FCM.<?ɁʎÈĠɉƔ/ Gating strategyCǹ�ʠ 
OX400ʟƲŒÙ Tȑȫ.ǨǓ�?$9ľ�{�jǔT�dC��$ŉʟƥȑȫʃàʟ
CD3ʅŒCɲŤ�$ʠ"@C CD4/CD8+ CCR7/CD45RA*İɼ�ʟ¿ CD4/8ʅŒȑ
ȫ+ CD4/8ʅŒ Tȑȫ/ 4Vn\ad.��? OX40ǨǓCɐ©�$ʠì^HurH
�d.��)ʟƛ¢ɽʟȢɽ/T�bG�R0Àɩ*�?ʠ  
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CD8ʅŒ Tȑȫ.��? OX40ǨǓ 

� ex vivo*/ǟ-?ǣƌ/ HIVŘƗȦ+´ĺȦ.��? CD8ʅŒ TȑȫVn\ad

Ʃ/ OX40ʅŒʒłCą 4A.ǹ�ʠƍƭǦʚIH|ZȢ0ʟ́ ĺȦ+ƪɠ�ʟ¿ CD8

ʅŒ T ȑȫ+ 4 Vn\ad¿)* OX40 ʅŒʒł�ʚ�'$ʝą 4Aʞʠ´ĺȦ*0

CD8ʅŒfH�n Tȑȫ*0 OX40/ǨǓC5+D,ɑ9-�'$/.Ĭ�ʟƍƭǦ

HIVŘƗȦ*0ʚIH|ZȢʟ IH|ZȢ+:.ǟĺ-ʚǨǓCɑ9ʟ"@0ƋÖ

- ART*:ģ¿.āō�)�-��+�ǹû�@$ʠ 

� OX40 0 TCR Îǅ.<>ǨǓ�ɒĮ�@?�+CǎŎ+�?$9ʟţ CD3/CD28

ţ¢.<? OX40/ǨǓɒĮ/ȢɽƪɠCȔƂǩ.Ɉī�$ʠţ CD3/CD28ţ¢ġĈ

�*/čʖɼĞƂC 0Ƃɽ+�ʟ12Ƃɽʟ24Ƃɽʟ48Ƃɽŉ/ OX40ʅŒʒłCą

4B-D.ǹ�ʠ7$ʟCD8ʅŒ Tȑȫ/ìVn\adƩ/ OX40ʅŒʒłCȔƂǩ.

o~ad�$:/Cą 5 .ǹ�ʠTCR Îǅŉ 12 ƂɽƂǉ*¿ CD8 ʅŒ T ȑȫ+ 4

Vn\ad* OX40ǨǓ�ɒĮ�@ʝą 5ʞʟCD8ʅŒfH�n TȑȫCʃ�ʟex vivo

*Ɉī�@$ OX40ʅŒʒł/Ȣɽĵ�ƷĜ�?ʝą 4Bʞʠ24Ƃɽ�= 48Ƃɽ* CD8

ʅŒfH�nTȑȫCʃ�$ìVn\ad*´ĺȦ/OX40ʅŒʒł�œȦȢC�ā

'$ʝą 4CʟDʞʠHIVŘƗȦ*0´ĺȦ+ƪɠ� ex vivo*/ OX40ǨǓ0ʚ�:/

/ OX40/ǨǓɒĮ0 ��+�ǹû�@$ʝą 4ʟ5ʞʠCD8ʅŒ Tȑȫ/ìVn\
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adƩ/ OX40ʅŒʒł/ȔƂǩo~ad*0ʟCD8ʅŒ Tȑȫ/ìVn\adƩ/

OX40ʅŒʒł0 TCRC��$ÎǅŉʟȔƂǩ.�ſ�?�ʟƍƭǦʚIH|ZȢʟ

ƭǦȢ*0 CD8ʅŒ CM Tȑȫ*ǨǓɒĮ� ��+�ǹû�@$ʝą 5ʞʠ  



 29 

 
ą 4ʠHIVŘƗȦ/ǣřƩ/ CD8ʅŒ Tȑȫ.��? OX40ʅŒʒł/ȔƂǩ-Ȣɽ
ĵ 
ex vivoʝAʞʟţ CD3CD28 ţ¢Îǅŉ 12 ƂɽʝBʞʟ24 ƂɽʝCʞʟ48 ƂɽʝDʞ/
OX40ʅŒʒł/ CD8ʅŒ TȑȫVn\adƩ/ȢɽĵCǹ�ʠ 
ƫĻȜ0�ě±Cǹ�ʠ2Ȣɽĵ0Mann–Whitney U testCǘ�$ʠ 
TNʡCD8ʅŒfH�n TȑȫʟTCMʡCD8ʅŒ central memoryTȑȫʟTEMʡCD8ʅŒ
effector memory TȑȫʟTTEMRAʡCD8ʅŒ terminal effector memory reexpression CD45RA 
T ȑȫʟ�ʡƍƭǦʚIH|ZȢʟ�ʡƍƭǦ IH|ZȢʟ
ʡƋÖ- ART �Į
¾�@$ HIVŘƗȦʟ	ʡ´ĺȦʠ  
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ą 5ʠCD8ʅŒ Tȑȫ/ìVn\adƩ/ OX40ʅŒʒł/ȔƂĖÙ 

HIVŘƗǤ/ìǣƌ+ CD8ʅŒ Tȑȫ/ìVn\adƩ. ex vivoʟţ CD3CD28ţ
¢Îǅŉ 12Ƃɽʟ24Ƃɽʟ48Ƃɽŉ/ OX40ʅŒʒł/×řCǹ� 
TNʡCD8ʅŒfH�n TȑȫʟTCMʡCD8ʅŒ central memoryTȑȫʟTEMʡCD8ʅŒ
effector memory TȑȫʟTTEMRAʡCD8ʅŒ terminal effector memory reexpression CD45RA 
T ȑȫʟHVLʡƍƭǦʚIH|ZȢʟLVLʡƍƭǦ IH|ZȢʟTxʡƋÖ- ART
�Į¾�@$ HIVŘƗȦʟHCʡ´ĺȦʠ  
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CD4ʅŒ Tȑȫ.��? OX40ǨǓ 

� CD8ʅŒ Tȑȫ/ƛɌ+ïƜ.ʟex vivo*/ǟ-?ǣƌ/ HIVŘƗȦ+´ĺȦ.

��? CD4ʅŒ TȑȫVn\adƩ/ OX40ʅŒʒłCą 6A.ǹ�ʠƍƭǦʚIH

|ZȢ0ʟ´ĺȦ+ƪɠ�ʟ¿ CD4ʅŒ Tȑȫ+ CD4ʅŒ CM/EM Tȑȫ* OX40

ʅŒʒł�ʚ�'$ʝą 6AʞʠƍƭǦ HIVŘƗȦ/ CD8ʅŒfH�n Tȑȫ*ɑ9

=@$ OX40/ǟĺ-ʚǨǓ0 CD4ʅŒ Tȑȫ*0Ɉī�@-�'$ʠ 

� CD8ʅŒ Tȑȫ+ïƜ.ʟţ CD3/CD28ţ¢.<? OX40/ǨǓɒĮ/ȢɽƪɠC

ȔƂǩ.Ɉī�$ʠţ CD3/CD28ţ¢ġĈ�*/čʖɼĞƂC 0Ƃɽ+�ʟ12Ƃɽʟ

24Ƃɽʟ48Ƃɽŉ/ OX40ʅŒʒłCą 6B-D.ǹ�ʠÎǅ.<> OX40ǨǓ�ɒĮ

�@?�+*ʟex vivo*ɑ9$¿ CD4ʅŒ Tȑȫ+ CD4ʅŒ CM/EM Tȑȫ.��

? OX40ʅŒʒł/Ȣɽĵ0ƷĜ�$ʠex vivo*ȢɽĵCɑ9-�'$ CD4ʅŒf

H�n T ȑȫ*0ʟTCR Îǅŉ 12 Ƃɽ�= 48 Ƃɽ7*ƍƭǦʚIH|ZȢʟƍƭ

Ǧ IH|ZȢʟƭǦȢʟ´ĺȦ/ʐ.Ņ�ǨǓ�ɒĮ�@ʟHIVŘƗȦ*0´ĺȦ

+ƪɠ� OX40ǨǓ/ɒĮ�Ņ�ʟART*:ģ¿.0āō�-��+�ǹû�@$ʠ  
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ą 6ʠ HIVŘƗȦ/ǣřƩ/ CD4ʅŒ Tȑȫ.��? OX40ǨǓ/ȔƂǩ-Ȣɽĵ 
ex vivoʝAʞʟţ CD3CD28 ţ¢Îǅŉ 12 ƂɽʝBʞʟ24 ƂɽʝCʞʟ48 ƂɽʝDʞ/
OX40ǨǓ/ CD4ʅŒ TȑȫVn\adƩ/ȢɽĵCǹ�ʠ 
ƫĻȜ0�ě±Cǹ�ʠ2Ȣɽĵ0Mann–Whitney U testCǘ�$ʠ 
�ʡƍƭǦʚIH|ZȢʟ�ʡƍƭǦ IH|ZȢʟ
ʡƋÖ- ART �Į¾�@$
HIVŘƗȦʟ	ʡ´ĺȦʠ  
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´ĺȦ PBMCCǘ�$ TCRÎǅ.<? Tȑȫ/Vn\adÈÙ/ƛɌ 

� �µǩ-ƛɌ*ǘ�$ÎǅƑ�0 PBMC ¿¢CÎǅ�čʖ�?$9�/¼Ǡťņ

ȑȫ�ÈƮ�?VHdMH�;ÀÎǅÈĠ:¥ġ� T ȑȫ/ÈÙ�ɬɀ�?+ȥ�

=@?ʠOX40 /ǨǓɒĮ+Vn\adÈÙ/Ƃɽǩ-ɾªCƛɌ�?$9ʟǎ.f

H�n Tȑȫ�vw{�Tȑȫ.ÈÙ�?ƂɽCƀ=�.�?$9ʟ́ ĺȦ/ PBMC

Cǘ�ʟ�µǩ-ƛɌ+ïƜ/ÎǅƑ�*ȔƂǩ.Vn\adCïĥ�$ʠ 

� ´ĺȦ 3§/ PBMCCţ CD3/CD28ţ¢ġĈ�*čʖ�ʟ0żʟ2żʟ4żʟ6żʟ

8żʟ10żʟ13żŉ/ 4Vn\ad/İɼąCą 7A.ǹ�ʠCD4/8ʅŒ Tȑȫ+:

.ȔƂǩ.fH�n Tȑȫ/ǀį+<>ÈÙ�$Vn\ad/ēÕCɑ9?ʠìVn

\adƪǒ/ȔƂĖÙCą 7B.ǹ�ʠfH�n Tȑȫ0 CD4/8ʟ3ɂʘȦ/¿)* 2

żǫ.ēÕ�ʟ�ŉ0ǀį·ñ+->ʟ13 żǫ.0 10%��+-'$ʠȬȲ�=/

¨Ȗ/-�Ƒ�* 2żǫ.fH�n Tȑȫ�ēÕ�$�+0ȶöƺ��ʟʝ1ʞÎǅ.

<> PBMC�=ÈƮ�@$ IL-2ʟIL-7-,/¤ǘ.<>fH�n Tȑȫ� homeostatic 

prolifelation�$èȭŒʟ�?�0ʟʝ2ʞEM-,/<>ÈÙ�$Vn\ad�Îǅ�

čʖƑ�*ƥ.ǭĬǩ.ƪǒ�ēÕ�$èȭŒʟ-,�Ŭǂ�@?ʠCM Tȑȫ0ʟ

CD4ʅŒ Tȑȫ.��)ʟ4�= 6ż7*ēÕ�ʟ�ŉǀį·ñ+-?�ʟ13żǫ.

: 30-60%ǿłɈī�@?ʠ7$ʟCD8ʅŒ Tȑȫ.��)ʟ4�= 10ż7*ēÕ�ʟ
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�ŉǀį·ñ+-?�ʟ13żǫ.0 20-60%ǿłCÞ9?ʠÊƌ/ēÕ·ñ0fH�

n Tȑȫ� CM Tȑȫ.ÈÙ�Ƴ¾�?�+CäƁ�ʟŉƌ/ǀį0 EM Tȑȫ3/

ƳÇCäƁ�)�?+ȥ�=@$ʠEM Tȑȫ0 CD4/8ʟ3ɂʘȦ/¿)* 2żǫ7

*ǀį�ʟ�ŉ0ēÕ·ñ+->ʟ13 żǫ.0 30-80%ǿłCÞ9?ʠ2 żǫ7*0

Żġ/ EM Tȑȫ/ÁʟǡŃ�ȤÙC�$�)�?ʉă�ƥ��ʟ�ŉ0ŹɆ.ÈÙ

�$ EM Tȑȫ�Ƴ¾�?$9+ȥ�=@$ʠTEMRA Tȑȫ0 CD4/8À.¿Ȕɮ*

ǀį·ñCǹ�ʠ�ɵ0ʟ4�= 8żǫ.�Ƃǩ.ēÕ·ñCǹ��ʟ�Ƴ/Vn\

ad�ÈÙ�Ǿ¾�)�?�+CäƁ�)�?èȭŒ��?ʠ  
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ą 7ʠ´ĺȦ PBMCC TCRÎǅ� Tȑȫ/Vn\adÈÙCƛɌ�$ 
´ĺȦ 3§/ CD4/8ʅŒ Tȑȫ/ì^HurH�d.��?Vn\adİɼʝAʞʠ

ƥȑȫ/ʃàʟCD3 ʅŒȑȫʟCD4/8 ʅŒȑȫ*T�d�ʟCCR7ʟCD45RA ǨǓ*
4ÈÓ�@$ʠê�<>äƂɋā>.fH�n TȑȫʟCM TȑȫʟEM TȑȫʟTEMRA 
TȑȫʠCD4/8ʅŒȑȫ/ìVn\ad/ƪǒ/ȔƂĖÙʝBʞʠ  
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TCRÎǅ.<? PBMC�=/VHdMH�ÈƮ+ OX40 

� 1990ļ�<> HIVǗǖ/ŢÍĂĠ+�) CCR5/{N�e+-?MIP-1�ʟMIP-1

	
 ʟRANTES�ďõ 68�@)�?ʠCCR5.Ĭ� Gp120+Ȇíǩ.¸�$9+ȥ�=

@?�ʟ7$ʟ́ ĺȦ/ PBMCC OX40Îǅ�?�+*�@=/SwMH�/Ǘǖ�

ēÕ�ʟCCR5/_I�}Px}�Xy�C��) R5IH|Z/ŘƗ.ŢÍǩ.¸

�ďõ 69��?ʠ"�*�µǩ-ƛɌ* PBMCCÎǅ�čʖ�$ʇ/čʖ�ƽCǘ�

)ʟ�ƽ/MIP-1�ʟMIP-1	
 ʟRANTES/ĥɺ+ OX40ʅŒʒł/ɾªCƛɌ�$ʠ

ţ CD3/CD28ţ¢ġĈ�*/čʖɼĞƂC 0Ƃɽ+�ʟ12Ƃɽʟ24Ƃɽʟ48Ƃɽŉ

/čʖ�ƽ�/p�^SwMH�ǇłCą 8.ǹ�ʠ7$ʟOX40ǨǓʟǨǓɒĮ�

MIP-1�ʟMIP-1	
 ʟRANTES/Ǘǖ.â6�ŇʏCƛɌ�?$9ʟǟ-?ǣƌ/ HIV

ŘƗȦ+´ĺȦC7+9)ʟex vivoʟ12Ƃɽʟ24Ƃɽʟ48Ƃɽŉ/ì^HurH�

d.��? OX40ʅŒʒł+ʟ"/ï^HurH�dʟ�?�0ʟŉA/^HurH

�d.��?�ƽ�/MIP-1�ʟMIP-1	
 ʟRANTESǇł/ǭɾCą 9.ǹ�ʠ�@

= 3SwMH�0ʟ�. CD8ʅŒ EM/TEMRA Tȑȫ.<>Ǘǖ�@?ʝņųħ/c

�^ʟƍǨɁʞʠCD8ʅŒ Tȑȫ.��? ex vivo/ OX40ʅŒʒł+"/ŉ/MIP-1

�ʟMIP-1	
 ʟRANTESǗǖ.0ǭɾCɑ9-��ʟ12Ƃɽ.��? OX40ʅŒʒł

+ï^HurH�d/MIP-1	
 ʟ�?�0ʟ24Ƃɽʟ48Ƃɽ/ RANTES+ƋŖ.Ƥ
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/ǭɾCɑ9$ʝą 9AʞʠTCRÎǅ.<> OX40ǨǓ�Ņ�ɒĮ�@$®¢*0�@

=/SwMH�Ǘǖ:ēÕ�?�+Cǹû�)�?ʠex vivo*0ʟ¿ CD8.��?ʟ

ƍƭǦ HIVŘƗȦʚIH|ZȢʟƍƭǦ HIVŘƗȦ IH|ZȢʟƭǦȢʟ´ĺȦ

/ʐ. OX40ʅŒʒł�ʚ±*�'$�ʟTCRÎǅŉ/ OX40ʅŒʒł0ǣř�ɹȌ

-Ȣ* �ʟƢȇ.ɧɞ�ʟ48Ƃɽ*´ĺȦ0 HIVŘƗȦ<>ʚ±+-'$ʝą 4ʞʠ

OX40ǨǓɒĮ�MIP-1	
 ʟRANTESǗǖ+ǭɾ�$ǉʝą 9ʞ+íB!ʟHIVŘƗ

Ȧ* OX40ǨǓɒĮ� ��+��@=SwMH�Ǘǖ.ɛ/ŇʏCâ6�ʟǣř.

ɾ��)�?�ɔCȥŜ�$ʠ���ʟp�^SwMH�Ǉł/Ȣɽĵ/Ǭūƪɠʝą

8ʞ*0ʟ�ɔ0òĥǩ*�'$ʠ7$ʟ�@=/SwMH�/ HIVŢÍ¤ǘ0ʟCD4

ʅŒTȑȫ/CCR5/_I�}Px}�Xy�C��?�+�Ơŀ/�(+ȥ�=@

? 69�ʟCD4ʅŒ Tȑȫ.��? CCR5ʅŒʒł/Ȣɽƪɠ*:ƋŖ-ĵCɑ9-�

'$ʝą 10ʞʠFCMɉƔ0ʟ¿ CD4/8ʅŒ Tȑȫ;ìVn\ad.��? OX40Ǩ

ǓC�ł.ɐ©*�?�ʟčʖ�ƽ�/VHdMH�ĥɺ0ʟPBMC¿¢�=/Ǘǖ

*ʟ�@��/ɥƬ0Ąʋ+ȥ�=@$ʠFCM.<?ʟ¿ CD8ʅŒ Tȑȫ�<2ì

Vn\ad.��? OX40ǨǓ/Ƕĥ�$c�^�ŋ=@$ŉ.ʟȑȫÁƗȹʝICSʞ

;Vn\adCÈæ�čʖ�$�ƽ/VHdMH�ĥɺ-,CȥŜ�?�++�$ʠ  
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ą 8ʠHIVŘƗȦ/ǣřƩ/ TCRÎǅ.<? PBMC/	
 SwMH�Ǘǖ/ȔƂǩ-

Ȣɽĵ 

PBMCCţ CD3CD28ţ¢Îǅ�ʟ12Ƃɽʟ24Ƃɽʟ48Ƃɽŉ/čʖ�ƽ�/	
 S

wMH�ǇłCǹ�ʠ 

ƫĻȜ0�ě±Cǹ�ʠ2Ȣɽĵ0Mann–Whitney U testCǘ�$ʠ 

�ʡƍƭǦʚIH|ZȢʟ�ʡƍƭǦ IH|ZȢʟ
ʡƋÖ- ART �Į¾�@$

HIVŘƗȦʟ	ʡ´ĺȦʠ 
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u�Ļ&Čů#Ł´�8� HIVîċŖ'��7 OX40ĺĬ)ŵĥ 

� }o46Ɲ1ƞĆĚĹ HIVîċŖ#*Ɵ�ÙŖ#* OX40)ĺĬ:-$;%ų1&

� CD8ƏéT>m\ Tňř#ƟĴÙ&ƚĺĬ:ų1Ɵ�8*Ą¤& ART#2·ç�

"�&�ĥƝ» 4AƞƟƝ2ƞTCR¡Ĥå' OX40ĺĬ�ŴÑ�8Ɵ24āƊ�5 48āƊ

# CD8 ƏéT>m\ T ňř:ƍ��­I\MPS#�ÙŖ) OX40 ĺĬ�ëŖŒ:

o· ��ƟĨ'ĆĚĹƚ?>gLŒƟĚĹŒ#* CD8 Əé CM T ňř#ĺĬŴÑ

���ĥƝ» 4CƟDƞƟƝ3ƞCD4Əé Tňř#*ĆĚĹƚ?>gLŒ*Ɵ�ÙŖ$Ę

ż�Ɵ� CD4Əé Tňř$ CD4Əé CM/EM Tňř# OX40)ĺĬ�ƚ� ��Ɵ

¡Ĥ'46 OX40ĺĬ�ŴÑ�87�$#ƟCD4ƏéT>m\ Tňř:ƍ�" OX40

ƏéƗß)ŒƊÕ*ğÈ��ĥƝ» 6ƞƟ&%�ş³Ġ�ĥ$�"ô�58�Ơ  

� ���Ɵu�Ļ&Čů*Ɲ1ƞ­Œ)�ú�Ó&�ƟƝ2ƞňřú) ƌ'46 4 N

>b`>kS#¦�&�ú:ŀ�#�&�ƟƝ3ƞTCR ¡Ĥ'46šĭ¥�� T ňř

)GmQ=kF*ºƓ#
7Ɵ&% ƌ2Å� �Ơ�)�1Ɵ46Åú)H_mS

#Ɵu�Ļ&Čů#Ł´�8�ŵĥ)�Ĭé:ŀų�7�1ƟFMO :Ñ��46Ē

ŀ'Ťƕ�Ê)ĺĬ:ű��7�1Ɵ.�Ɵă' Tňř)Ķà3Ŕ¥)amBm:¯

ā'Ŭĉ�7�1Ɵđ)Îƙ:ŮĲ��Ơŧú)ŵĥ�ÿ5�$& � CD8 Əé T

ňř'ƒs�"Ŭĉ�7�$$�Ɵ¡Ĥå¿ƘāƊ$�"Ɵ48āƊ:õİ��Ơ�8
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* 48 āƊ#ƟĺĬŴÑ)ŒƊÕ:Ęż�7�1)¦�&ĺĬ�æ587$ŕ
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Ɲ» 4ƞƟ.�Ɵ�ÙŖ PBMC:İ�� TCR¡Ĥ'47 Tňř)I\MPS�¥)Č

ů46ƟÅÓ)�¥�Ƃţ�"�7�$:ĳí�!!2­I\MPS)ű�* ex vivo

$¯Ď'«ś$ŕ
58�Ɲ» 7ƞ�1#
7Ơ 

 

HIVîċŖ$�ÙŖ'��7 CD8Əé TňřI\MPSė) OX40ƏéƗß$ TCR

¡Ĥ'47 OX40ĺĬŴÑ 

� ćĿń#İ�� HIVîċŖ$HkSimg$�"İ�� HIVƔîċŖƝ�ÙŖƞ

)ŘĂ:Ť 2'Ł�Ơex vivo#)Ĵ&7ķą) HIVîċŖ$�ÙŖ'��7 CD8Ə

é TňřI\MPSė) OX40ƏéƗß:» 12'Ł�ƠĆĚĹ�4+Ą¤& ART�

Ñ��8� HIVîċŖ*Ɵ�ÙŖ$Ęż�Ɵ� CD8Əé Tňř$ CD8ƏéT>m\

TňřƟCD8Əé CM Tňř# OX40)ĺĬ�ƚ� �Ɲ» 12AƞƠĆĚĹ HIVîċ

Ŗ)?>gLƈ'47I\Fgm]Ŭĉ#*Ɵƚ?>gLŒ) CD8ƏéT>m\ T

ňř'��7 OX40ƏéƗß*Ɵ�?>gLŒ$Ęż�Ąí'ƚ� �Ɲp=0.0376ƞƠ

u�Ļ&Čů$¯Ď'�ÙŖ#* CD8ƏéT>m\ Tňř#* OX40)ĺĬ:-$

;%ų1&� �)'Ð�ƟĆĚĹ HIVîċŖ#*ĴÙ&ƚĺĬ:ų1Ɵ�8*Ą

¤& ART#2·ç�"�&��$�Ł�8�Ơ 
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� ò CD3/CD28ò�'47 48āƊ) OX40)ĺĬŴÑ)ŒƊĘż:» 12B'Ł�Ơ

ĆĚĹ HIV îċŖ*Ɵ�ÙŖ3Ą¤& ART �Ñ��8� HIV îċŖ$Ęż�Ɵ�

CD8Əé Tňř$ 4I\MPS�"# TCR¡Ĥå 48āƊ'��"2 OX40ƏéƗß

�ƚ� �Ɲ» 12BƞƠu�Ļ&Čů#Ł´�8� HIVîċŖ'��7 OX40ĺĬ)

ŵĥ)Ɲ2ƞĆĚĹƚ?>gLŒ$ĚĹŒ'��7 CD8Əé CM Tňř#ĺĬŴÑ�

��ĥ'!�"Ɵu�Ļ&Čů$*Ĵ&7ŋĊ$& �Ơ  
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ćÎƙ#*ƟĆĚĹƚ?>gLŒ 17�ƟĆĚĹ�?>gLŒ 17�ƟĚĹŒ 45�Ɵ
�ÙŖ 11�:�İ��Ơ 
Ĩ'ŰŽ)&�Á®Ɵú�*sÇ�#ŤŰ��ƠŒƊÕ* Kruskal-Wallis test#ČÍ�
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» 12ƠHIVîċŖ)ķïė) CD8Əé Tňř'��7 OX40ƏéƗß 
ex vivoƝAƞƟò CD3CD28ò�¡Ĥå 48āƊƝBƞ) OX40ƏéƗß) CD8Əé T
ňřI\MPSė)ŒƊÕ:Ł�Ơ 
ęÚŏ*sÇ�:Ł�Ơ2ŒƊÕ*Mann–Whitney U test:İ��Ơ 
�ơĆĚĹ HIVîċŖƟ�ơĄ¤& ART�Ñ��8� HIVîċŖƟ�ơ�ÙŖƠ  
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CD8ƏéT>m\ Tňř'��7 OX40)ĴÙĺĬ$�ĵŔ¥ 

� » 13'�ÙŖƟĆĚĹ HIVîċŖƝƚ?>gLŒƞƟĚĹŒ HIVîċŖƟ­�2

�) CD8Əé Tňř)I\MPS)�×:�Ł�7Ơ.�ƟHIVîċŖ 79�Ɵ�Ù

Ŗ 11���) CD8ƏéT>m\ TňřĘīƝ» 14Aƞ$ CD8Əé TEMRA TňřĘ

īƝ» 14Bƞ)ŒƊ)Ęż:Ł�ƠüÀ$¯Ď'ćÎƙ)H_mS#2ƟĆĚĹ HIV

îċŖ*Ɵ�ÙŖ$Ęż�Ɵ�ĵŔ¥$)ƋƁ�ÿ5�$& "�7 CD8ƏéT>

m\ TňřĘī)�p$CD8Əé TEMRAňřĘī)oþ:ų1�Ɲ» 13Ɵ14AƟBƞƠ

�)�ĵŔ¥*Ą¤& ART#2·ç�"�&� �Ơ  
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» 13ƠHIVîċŖ'��7 CD8Əé TňřI\MPS�×)ĴÙ 

� ex vivo)�ÙŖ$ĆĚĹ HIVîċŖƝƚ?>gLŒƞƟĚĹŒ HIVîċŖƟ­�2
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» 14Ơ�ĵŔ¥$ CD8ƏéT>m\ Tňř'��7 OX40ĺĬƝex vivoƞ 
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� ă'ƟĆĚĹlĚĹ±1�� HIVîċŖ'��7�ĵŔ¥$Ć¡Ĥ#) CD8Əé

T>m\ Tňř) OX40)ĴÙĺĬ)ƋƁ:Ŭĉ��Ɲ» 14CƟDƞƠĆ¡Ĥ#) CD8

ƏéT>m\ Tňř) OX40)ĴÙĺĬ$ CD8ƏéT>m\ TňřĘī*Ąí'Ŷ

)ĽƋ:Ł�Ɵ.�ƟĆ¡Ĥ#) CD8ƏéT>m\ Tňř) OX40)ĴÙĺĬ$ CD8

Əé TEMRAňřĘī*Ąí'Ē)ĽƋ:Ł��ƠT>m\}Ä) CD8Əé Tňř

I\MPS'��7 OX40ƏéƗß$I\MPSĘī'*ƟĽƋ:ų1&� �ƠCD8

ƏéT>m\ Tňř) OX40)ĴÙĺĬ�ƚß&��-%�ĵŔ¥ƝCD8ƏéT>m

\ TňřĘī)�p$ CD8Əé TEMRAňřĘī)oþƞ�á��°:ų1�Ơ 

� z·ûũ'�ĵŔ¥$)ƋƁ:Ũ���� ex vivo) CD8ƏéT>m\ Tňř'�

�7 OX40)ĴÙĺĬ${)�ĵŔ¥'ƋƁ�7¸Ê:Ŭĉ��Ơ�ĵŔ¥'ƋƁ�

7¸Ê$�"ƟÛƜƝreal ageƞƟ� CD8Əé Tňř) CD57ƏéƗßƟCMVò��

:Čů��ƠćH_mS#*ƟŒƊ'ÎÛƜ)Ąí&Õ:ų1&� �ƝŤ 2ƞƠ|Ť

Ļ&�ĵŔ¥)amBm#
7� CD8 Əé T ňř'��7 CD57 Əéňř)Ęī)

ŒƊÕ:» 15A'Ł�ƠüÀ$¯Ď'ĆĚĹ HIVîċŖ*Ɵ�ÙŖ46Ąí' CD57

Əé CD8Əé Tňř)Ęī�ƚ� �Ơ.�ƟART�Ñ��8� HIVîċŖ) CD57

Əé CD8 Əé T ňř)Ęī*ƟĆĚĹŒ46�p�"�72))Ɵ�Ħ$�"�Ù

Ŗ46ƚ�#
 �Ɲ» 15AƞƠÖŷ) ELISADPS:İ�"ĢÍ��Ţģs) CMV 
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IgGò��:» 15B'Ł�ƠHIVîċŖ 79�s 72�Ɵ�ÙŖ 11�s 2�#Ţģ�

�İ«ś#
 �ƠHIVîċŖ#*Ɵ72�s 68�Ɲ94.4%ƞ# CMV seropositive#Ɵ

�ÙŖ* 2�$2' seronegative#
 �Ơđ'�85�ĵŔ¥'ƋƁ�7 5¸Ê)

ĽƋ:» 15CƟD'Ł�Ơnƅ)ŉ/®9�:ƍ�Ɵ�85)¸Ê*v�'Ąí&Ľ

ƋƋ�'
 �Ơ��#Ɵ�85 5¸Ê)Ɔ·Ø�ĉ:ţ �Ơ 

� Tňř)�ĵŔ¥)ķï)tŻ#
6Ɵ.�ƟŞÝĿń# HIVîċŖ)jEOkq

è$)ƋƁ:Ł�8"�7 CD8ƏéT>m\ TňřĘī)�p:ĪŅÃú$�ƟCD8

Əé Tňř) CD57ƏéƗßƟÛƜƟCMVò��Ɵex vivo) CD8ƏéT>m\ Tň

ř'��7 OX40)ĴÙĺĬ) 4¸Ê$)ƋƁ:�ĉ��ƝŤ 3ƞƠCD8Əé Tňř

) CD57ƏéƗßƝp<0.0001ƞƟÛƜƝp=0.0006ƞƟCD8ƏéT>m\ Tňř'��7

OX40)ĴÙĺĬƝp=0.039ƞ) 3¸Ê*ĪŅ�"�ĵŔ¥$)ƋƁ:Ł��Ơ  
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» 15ƠćH_mS'��7�ĵŔ¥'ƋƁ�7¸Ê)Čů 

� CD8Əé Tňř'��7 CD57Əéňř)Ęī)ŒƊĘżƝAƞƠŢģs) CMV IgG

ò��)ŒƊĘżƝBƞƠ�ĵ�ĵŔ¥'ƋƁ�7 5 ¸Ê)�")ŉ/®9�)

Spearman test)ĽƋ�ú$ p�ƝCƞƟù×»ţ�ƝDƞƠ 

ęÚŏ*sÇ�:Ł�Ơ2ŒƊÕ*Mann–Whitney U testƟĽƋ* Spearman test:İ�

�Ơ 
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ノンパラメトリック: Spearmanの順位相関係数(ρ)
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Ť 3ƠCD8ƏéT>m\ TňřĘī'âƖ�7�ĵŔ¥)­¸Ê)Ɔ·Ø�ĉ 

 

 

� }o46ćĿń#*ûũ' HIVîċŖ'��7�ĵŔ¥$ CD8ƏéT>m\ Tň

ř) OX40)ĴÙĺĬ)ƋƁ:Ũ����Ơ  



 56 

ŕÏ 

� ćĿń#*Ɵ�ĵŔ¥)Ńß�Ĵ&7îċŖıĈ) Tňř:İ�ƟHIVîċŖ*Ɵ

�ÙŖ# OX40ĺĬ��� CD8ƏéT>m\ Tňř#ƟOX40�ƚĺĬ#
7�$:

Ł�ƟCD8ƏéT>m\ Tňř'��7ĴÙ& OX40ĺĬ$��)�ĵŔ¥�Ąí'

ĽƋ:Ł��$:Ũ���Ơ.�ƟHIVîċŖ#*ƟTCR¡Ĥ'47 OX40)ĺĬŴ

Ñ�ƚ�ƟĀ¡Ĥé)ĩï#
7�$:Ł��Ơ 

� ¢ž) OX40JFTg)�İ#ƟƝ1ƞ�î�)Ƒ)�¡Ĥ# Effector Tňř)įË

:Âá�7ƟƝ2ƞcdfmTňř)įð:Âá�7Ɵ) 2�İ*I\MPS�×'â

Ɩ�7«śé�
7Ơüã)OX40Ŀń)ðĊ�5Ĩ'I\MPS�×'Ĝļ�7$Ɵ

OX40LWPE<?SƝKOƞa?L*Ƈį¾a?LƝWTƞ$Ęż�ƟcdfmTňř

Ęī��� 70Ơ©Ð' OX40L:êÙĻ'ĺĬ�7 OX40LSekLK@UPEƝTGƞ

a?L*ƟEffector memoy TňřĘī�ƚ�&7 70Ơ¯Ď'ò§'î��8"�&�

Ƈį¾a?L:ò OX40¡Ĥò�#�Į��Á®2ƟÐħŒ$Ęż�" Effector 

memoy TňřĘī�ƚ�&7 71ƠZS'��"2č(¯Ď$ŕ
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�ą'ĺĸ�� 19ē)SgHyÉé#ƟĆľ)�Æé�ĵq�$�"§¸ČŇ)ƃ

Ń#ƟOX40)ďś¶È¾ÃĴ:^Qiö®�#2!rŪ�5�į�ƟOX40Ì�Đ
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÷ĸ#
7�$�ÿ5�$& �ƠŤĬ¾) 1!$�" CD4/CD8ƏéT>m\ Tň

řĘī)Â£ƟCD4/CD8Əé EM TňřĘī)�p:ų1�Ơ�85)ŋĊ:ŕ
®

9�7$ƟHIVîċŖ#*Ɵ�5�)ďÞ# CD8ƏéT>m\ Tňř'ĴÙ& OX40

ĺĬ�į�ƟOX40LTGa?L$¯Ď'Ɵ
7�* OX40KOa?L3 OX40Đ÷ĸ$

©Ð'ƟI\MPS�×)ĴÙ)n¸$& "�7«śé�Ł´�87Ơ 

� T>m\ Tňř#) OX40ĺĬŴÑ)ďÞ$�"ƟƝ1ƞŚŝ)ſŐ'46ûƛ&T

>m\ Tňř)�Ō�ġ6Ɵ|�Ļ' homeostatic proliferation'46T>m\ Tňř
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Ɲantigen-independent mannerƞ73'47T>m\ Tňř)ŹĻ&ÃéƟƝ3ƞCD45RAƟ
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�7ƞ*^Qi&ƒ¹#
6ƟŚŝ46ø��8"Ɗ2&� recent thymic emigrants

ƝRTEƞ3ƟĨĴò§'47 TCR¡Ĥ:Ŋƙ��'2Ƌ95� CD45RAƏé/CCR7

Əé:Ŏó�"�7 memory stem T cellsƝTSCMƞ74Ɵ&%wwƒ¹)Ë¼�ÿ5�$
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7«śé#
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¡Ĥå 2-7ýŃß#ƒ¹$�"đ)�¥ĖƐ,łţ��ƠóōĻ&�ĵĝé¥'
7

HIVîċŖ#*T>m\ Tňř�5�¥��cdfmTňř,) turnover�xƂ�"

�7�1 TCR¡Ĥ'46ĝé¥$ OX40ĺĬ�ŴÑ�8"�7�đ)�¥ĖƐ,ł

ţ�7¢)ƒ¹�ūÏ�8"�7«śé#
7Ơ�)Á®ƟTňř�¥)NmkAm

Xm)xƂ*ƟT>m\ Tňř)ğŸ$ TEMRA)Â£'ő�7�2�8&�Ơ 
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&� �Ơò CD95ò�2ª�ĻT>m\ Tňř'��7ĴÙ&Ťƕ�Ê$)ƋƁ:
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� HIVıŪƮ)��$ɇǎǢī¥ƪw¨&©)ɇŁǒƱ)¥ƪǋ�Ɔī½�$�8ɇ

ȹ AIDSŻ�4ǦÚȳĀ)ȧȘ�9Ɉ�7)ɇŁǒƱ(¥ƪƆī½,ş¸( ART�

Ć§�:�ġ3Łǒ�9Ɉ0�ɇHIVıŪǎǢ),A@nPȏ«�wü¨(ŽȰ%�

Ÿ�� STs�ùã�9�&�ƶ7:ɇȏ«Ýø&+ȧȘ�ƹǃ�:$�9Ɉ 

� ţƹǃ%,ɇş¸( ART)68A@nPȢ�Ů¯ȫƧ�v&("� HIVıŪǟ)

��$ɇSTs& T ǎǢ+ŁǒƱ(¥ƪƆī½+hsEs%�9 CD8ȯī T ǎǢ{+

HLA-DR,CD38©ưƞƀƝ�ƴȧ<Ƽ��&<Ƽ��Ʌá 20ɆɈ0�ɇARTĆ§´+

TǎǢ+Ɔī½ofn�ɂ�Ĭǟ%,ɇART<Ć§�$3wü¨(epA@nP+ȏ

«�¿°)Ļ³�:(��&<ŗ7�)��Ɉ 

� �+ǐũ,ɇSTs�A@nPúƱɇ¥ƪúƱ(ǹǌ<¼Ò�� transcriptional activity

+hsEs%�8ɇ0�ɇART{+ HIVıŪǟ+tȟ% HIVǸǷ�ÄÝ% TǎǢ+

ŁǒƱ(Ɔī½<Ŧ��&<Ƽ×�$�9Ɉ
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ĕő 

� HIV ıŪƮ+ĪīŠ)ɇHIV ,ĪȖ)íż�ɂA@nPȢ+A@nPǴƮ& CD4

Ő+ĪƓ(ƎĈ&<ȁ29�ɇıŪƳġ) HIV )ą�9ƙƩƱ(ǎǢ�Āī T ǎǢ

ɅCTLɆ�ǅ!u�8ɇŐșȦ+ġ)A@nPȢ,ƎĈ�9 76Ɉ���ɇHIV,ü¨

)Ņȭ�:�ɇ¥ƪǋ&ŀĽ��ĳīŠ&(9 76Ɉ�+ŀĽƚĲ,Đæ 10 đǀĖ%

ƺǕ�ɇAIDSŠ)ƿǵ�9ɈƺǕ+A@nP�+ǹÝ&�$ɇCTL4{ÕĽ�)ą

�9BPJserA@nP�íż�9�&ɇ¥ƪ�+ǹÝ&�$ɇCD4Ő�Ǘ4�)

ƎĈ�9�&ɇ�Ǫ�ƶ7:9�ɇ·�$ɇŁǒƱ)¥ƪǋ�Ɔī½�$�9�&3

|ǹ(ƭĲ%�9 76ɈŁǒƱ(¥ƪƆī½� HIVıŪƮ)x�9ğȻ&�$ɇ�HIV

�ıŪ�$�9CD4ȯīTǎǢ4ÂƟǋǎǢ+Ɔī½)68HIVƢơ�í·�9 51ɇ

�HIVƢơ�í·�9�&%|(ƢơǎǢ%�9 CD4ȯī TǎǢ+Ɖõ&�¢Ʊ(

Ƣơ)69�ȄÜȏ+�Țɇ�Ɔī½�Łǒ�9�&%¥ƪĿĜǎǢu)Ļ³īhs

Es+ưƞ('<�Ț��¥ƪĿĜǎǢ+ƫėrǝ½<��$ŶǣƩď<Ę�Ȍ��

77ɇ�mqaǈ)��9ƕǢŵƚǎǢ+ǥǯ&ǖǓ½�Țǵ�9 78ɇ('�Ń�7:

9Ɉ0�ɇŁǒƱ(¥ƪƆī½,ɇCVD444ǠƬĬ 79ɇ¨Ż� 43(' HIVıŪƮ�ñ

+ǦÚȳĀ)3ȧx�9ɈŜ)ɇŁǒƱ(¥ƪƆī½,ş¸( ART �Ć§�:�ġ

3Łǒ�9 50,51Ɉ 
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� TǎǢ+ŁǒƱ(Ɔī½)ƄƲ�9&ɇCD38ȯīHLA-DRȯīɅCD38+HLA-DR+Ɇ

TǎǢƀƝ�ɇƪúƱ)ǧĔƱ(@fqY&+ȧȘ<Ƽ�:�Ɔī½hsEs&�$

ē�ƣ�7:$�9ɈARTĆ§´+ CD38+HLA-DR+CD8ȯī TǎǢƀƝ�ɂ�/'

A@nPȢ�ɂ� 51ɇART Ć§ġ+ CD4 Ő+ÜĤ�ĭ� 43ɈCD38+HLA-DR+CD4/8

ȯī TǎǢƀƝ�ɂ�/'Ⱦ¹Ǥƭð,í·�9 44ɈARTĆ§)68A@nPǴƮ�

Ļ³�:�HIVıŪǟ+CD38+HLA-DR+CD4/8ȯīTǎǢƀƝ,şį)�v�9�ɇ

���ɇ�ďǟ68şį)ɂ� 33,51ɈARTĆ§ġ+ CD38+HLA-DR+CD8ȯī TǎǢ

ƀƝ�ɂ�/'ɇŻ�Ɲ�ɂ� 43Ɉ 

� ART�Ć§�:ɇA@nPȢ�Ů¯ȫƧ�v&("�Ĭǟ+tȟ,ɇ�ofn+A

@nPǸǷ�ǒ�$�9 80Ɉ�+6
(A@nPrmNs`s+M@Qɇ�9�,Ɔ

¹ī<þȢ�9ĸƃ&�$Ǵƒ{+ĥȢHIV-RNAŮ¯ɇPBMC{+HIV-DNAŮ¯ɇ

Viral outgrowth assay('�ŉØ�:$�9 81�ɇÏį<Ģ�3+,(�Ɉ0�ɇƐþ

Ŋ�,Ɨȶ%òȢ+ņǴ<ǹ�9Ɉ�+�2ɇǊ�%ɇĈȢ+ǧĔŮ�<ƣ�$Ɛþ

Êǣ(œƃ+ȥư�Ġ�:$�9Ɉ 

� In vitro+Ůǽ%ɇHIVıŪǎǢ),A@nPȏ«�wü¨(ŽȰ%�Ÿ�ɇHIV 

RNA+±2+ 60-70ìé68(9 prematurely terminated short HIV-1 transcriptsɅSTsɆ

�ùã�9�&�ƶ7:$�9Ʌá 16Ɇ82-84Ɉ  
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A 

 
 

 

B 

 
á 16ɈHIVK^j)��9 prematurely terminated short HIV-1 transcriptsɅSTsɆ+�Ǚ

<ȋ%Ƽ�ɅAɆɈHIVK^j+,�2+ 112\HoDVZ+ 2ŷűȗ<Ƽ�ɅBɆɈ

0-70ìéǀĖ0%+wü¨(A@nPȏ«%�9 STs�ŉØ�:$�9ɈSTs,ɇó

ȟ°� LTRª+ TAR&tǩ�ɇTAR+PXjnseƳġ%ȏ«��Ÿ��3+%�

9ɈAɉőƛ 6368Ęƣ�hsEs<�·��ɇBɉļǁ{+ȃő68Ęƣ��Ɉ  

Figure 1
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HIVepA@nP+ 5'LTR+ȏ«ȥöȟ�),\HoDSsj-1Ʌnuc-1Ɇ�ȴň�$

�9 85,86Ɉnuc-1+ęǗ,ɇŜ(9A@nPȏ«+�Ȥ)ħȽ%�8 86,87ɇHphVq

űȗ<ęǗ�9Ă|Ýø&�$ɇSWI/SNF chromatin remodeling complexɅSWI/SNF 

complexɆ�A@nP�Ȥ)ğȻ�9�&�ƶ7:$�9 88-90Ɉ©Ïƹǃǟ%�9ĥơ

Ƙ½úƹǃķ+Ɓȅï²ÃîɇƸåĞÃî,ɇBrmç SWI/SNF complex�ɇnuc-1+

ęǗ& HIVȏ«+�Ȥ)ħǹ%�9�&<êÓ 91�$�9ɈĂ|+ nuclear factor �B

ɅNF-�BɆ4nuclear factor of activated T cellsɅNFATɆ,histone acetyltransferasesɅHATsɆ

4 SWI/SNF complex< LTR)mHnsY�9�&%A@nPȏ«+�Ȥ<íě�9

92,93Ɉ���ɇ�ŸŠ+ CD4ȯī TǎǢ%, NF-�BɇNFAT,ǎǢȊ)ȱȷ�$�8ɇ

Brm+ưƞ,UAqoGlosY�:$�9 91�2ɇ�Ȥ%�(�"�ȏ«ƢƘ�ǎ

Ǣª)ǰǂ�9Ɉ5�) STs,ɇıŪǎǢ+Ɔī½r�Ÿ4ɇA@nPȏ«+Ɔī<

ÆŘ�9±ŠƢƘ&�$ɇHIV LTR+ trascriptional activity+hsEs&(8
9Ɉ�

��ɇSTs&ǧĔƱ(Ýø4¥ƪƆī½+ȧȘ)#�$,ƶ7:$�(�Ɉ 

� ��%ƁȅÃî7,ɇŧ�óú¾ƾúƹǃķȪĊƭȬıŪ¥ƪªƾ)ȕȬ{+ HIV

ıŪǟƤŦ+Ů�<ƣ�ɇPBMC{+ STs+Ɛþ<ǵ"�Ɉ 

� ıŪ¥ƪªƾ68ŉ��:�ĬǟƤŦ+ PBMC68ɇ200\HoDVZ�v+Ʒȣ

RNA�ľ¯�:ɇcDNA<ÍĶɇreal time PCR)68 STs�þȢ�:�ɈSTs, 1x106 
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PBMC��8+LbsŐ%Ƕƞ�:ɇŮ¯ȫƧ, 100 copies/106 PBMCsǀĖ%�9Ɉ

ĬǟŮ�<ƣ��ǻŨ%ɇ2
6 log10 copies/106 PBMCs+ǉà)°Ď�9ɈþȢƱ(

STs<ƣ�$ STs+ofn)ĩ�ɇSTȮīǜɅST-ɆɇSTs� Ɋ1.5x104 copies/106 PBMCs

+ STĚȯīǜɅST+ɆɇSTs��1.5x104 copies/106 PBMCs+ STěȯīǜɅST++Ɇ+

3ǜ)°ɀ��Ɉ 

� šƂƯ HIVıŪǟ 164�)��9 STsǻŨ& CD4ŐɇA@nPȢ&+ȧȘ<á 17

)Ƽ�ɈšƂƯ HIVıŪǟ)��$ɇ¿°)�Ȥ��A@nPȏ«ɅElongated 

TranscriptɆ�Ů¯�:� 16�{ 15�Ʌ93.8%Ɇ% STs�Ů¯�:�Ʌá 17AɆɈ0�ɇ

Elongated Transcript�Ů¯�:(�"� 148�{ 106�Ʌ71.6%Ɇ% STs�Ů¯�:

�Ʌá 17AɆɈCD4Ő& STs)ƄƲ�9& ST++ǜ,ɇST+ǜ& ST-ǜ&ƀȐ� CD4Ő

���Ʌá 17BɆɇSTȯī�%, STs& CD4Ő),ȇ+ƴȧ<ȁ2�Ʌá 17CɆɈA

@nPȢ& STs)ƄƲ�9&ɇST++ǜ,ɇST-ǜ&ƀȐ�A@nPȢ�ɂ�"��Ʌá

17DɆɇSTs&A@nPȢ),şį(ƴȧ<ȁ2(�"�Ʌá 17EɆɈ  
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á 17ɈšƂƯ HIVıŪǟ)��9 STsǻŨ& CD4ŐɇA@nPȢ&+ȧȘɈ 

šƂƯ HIVıŪǟ 164�)��9 STs& Elongated TranscriptŮ¯ɅAɆɈšƂƯ HIV

ıŪǟ 164�)��9 CD4Ő& STs+ǜȦƀȐɅBɆɈSTs�Ů¯�:�šƂƯ HIV

ıŪǟ 121�)��9 CD4Ő& STs+ƴȧɅCɆɈšƂƯ HIVıŪǟ 164�)��9

A@nPȢ& STs+ǜȦƀȐɅDɆɈSTs�Ů¯�:�šƂƯ HIVıŪǟ 121�)�

�9A@nPȢ& STs+ƴȧɅEɆɈ 

ƁĐǖ,{ô�&Û°��<Ƽ�Ɉ2ǜȦč, Kruskal-Wallis testɇƴȧ, Spearman test

<ƣ��Ɉ 

ST-ɉSTȮīǜɇST+ɉSTs� Ɋ1.5x104 copies/106 PBMCs+ STĚȯīǜɇST++ɉSTs

��1.5x104 copies/106 PBMCs+ STěȯīǜɅST++ɆɈ 

ļǁ{+ȃő68Ęƣ��Ɉ  

Figure 2
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� ş¸( ART)68A@nPȢ�Ů¯ȫƧ�v&("� HIVıŪǟ 96�)��9

STsǻŨ& CD4Ő&+ȧȘ<á 18)Ƽ�ɈA@nPȢ�Ů¯ȫƧ�v&("� 96

�{ 54�Ʌ56.3%Ɇ% STs�Ů¯�:ɇSTs,Ǵƒ HIV RNAŮ¯68ɂıĖ%�9

�&�Ƽ×�:�Ʌá 18AɆɈ1�+1 Elongated Transcript& STs�©)Ů¯�:�Ʌá

18AɆɈ0�ɇElongated Transcript�Ů¯�:(�"� 95�{ 53�Ʌ55.8%Ɇ% STs

�Ů¯�:�Ʌá 18AɆɈCD4Ő& STs)ƄƲ�9& ST++ǜ,ɇST-ǜ&ƀȐ� CD4

Ő���Ʌá 18BɆɇSTȯī�%, STs& CD4Ő),ȇ+ƴȧ<ȁ2�Ʌá 18CɆɈ  
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á 18Ɉş¸( ART)68A@nPȢ�Ů¯ȫƧ�v&("� HIVıŪǟ)��9

STsǻŨ& CD4Ő&+ȧȘɈ 

ƂƯǜ HIVıŪǟ 96�)��9 STs& Elongated TranscriptŮ¯ɅAɆɈ 

ƂƯǜ HIVıŪǟ 96�)��9 CD4Ő& STs+ǜȦƀȐɅBɆɈSTs�Ů¯�:�š

ƂƯ HIVıŪǟ 54�)��9 CD4Ő& STs+ƴȧɅCɆɈ 

ƁĐǖ,{ô�&Û°��<Ƽ�Ɉ2ǜȦč, Kruskal-Wallis testɇƴȧ, Spearman test

<ƣ��Ɉ 

ST-ɉSTȮīǜɇST+ɉSTs� Ɋ1.5x104 copies/106 PBMCs+ STĚȯīǜɇST++ɉSTs

��1.5x104 copies/106 PBMCs+ STěȯīǜɅST++ɆɈ 

ļǁ{+ȃő68Ęƣ��Ɉ  

Figure 4
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�u68 HIVıŪǟ)��9 STs,ɇšƂƯrƂƯǜ©) CD4Ő&+ȧȘ�Ƽ×�

:9�&ɇ0�ɇtrascriptional activity+hsEs%�9 STs+ÄƠ68ɇSTs& Tǎ

Ǣ+Ɔī½+ȧȘ<ǻŨ�9ƵĮ<Ģ�ɈA@nPǴƮ+ğȻ<Ņȭ�ɇSTs& Tǎ

Ǣ+Ɔī½+ȧȘ<ǻŨ�9�2ɇş¸( ART)68A@nPȢ�Ů¯ȫƧ�v&

("� HIVıŪǟ)��$ɇTǎǢ+Ɔī½<þȢ�9�&&��Ɉ 

� ş¸( ART�Ć§�:� HIVıŪǟ)��9 STs+ofn& TǎǢ+ŁǒƱ(Ɔ

ī½�şį)ƴȧ<Ƽ��&4ɇARTĆ§´+ TǎǢ+Ɔī½ofn�ɂ�Ĭǟ%

, ARTĆ§)69 STs+�v4Ȯȏ½�ơ�)��~<Ƽ��Ɉ
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ŤŒ&œƃ 

HIVıŪǟ 

� ŧ�óú¾ƾúƹǃķȪĊƭȬñŦ)ȕȬ{+ HIVıŪǟ%ŝȺ)69@qcC

sjZLqRqY�Ģ7:�Ĭǟ<ąȆ&��Ɉ�+ƹǃ,ŧ�óú¾ƾúƹǃķ

ɅĹȁƨËɉ20-47-210521ɇ20-31-1120Ɇɇ�6-âǅıŪƮƹǃķɅĹȁƨËɉ571ɇ

572Ɇ+�Ơ÷Ö�+Ĺȁ<Ģ�Ɉ 

� šƂƯ HIVıŪǟɅšƂƯǜɆ,ɇtĖ3 ART�Ć§�:$�(� HIVıŪǟ&

��Ɉş¸( ART�Ć§�:� HIVıŪǟɅƂƯǜɆ,ɇA@nPȢ�Ů¯ȫƧ�

v&("�3+<Çȵ��Ɉ 

 

ŢŭǴÂŬƟɅPBMCɆ+°ȷr�ù&ǻ­ 

� ņÈ�:�ŢŭǴ,ɇÏŕ{) 1500rpmɇ20°ȞĦġɇǴƒ<°ȷ�-80	
 %�ù

��Ɉ�7)ǴƟĶ°�7ɇFicoll-Paque PLUSɅGE HealthcareɆ)69ăĖ»ȠȞĦ

%ɇPBMC<°ȷ�ɇƅƇġɇƊ�Ǆǌ{%�ù�:�Ɉ­ǐ PBMC,ɇ37	
 +Ə

ƈų%ǻ­ġ) 10%ȹ¡½AOǡ¦Ǵƌɇ100U/mlg[Omqɇ100ug/mlPYoeY

h@Oqɇ2mM L-InTiqɇ10mmol/L Hepes bufferɅSigmaɆ<Ƌ·�� Roswell Park 
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Memorial Institute 1640ɅRPMI1640Ɇèä)ĵƔ�:ɇ37	
 ɇ5%CO2%tŚèɁġ)

cpsM@YkYms)ƣ��Ɉ 

 

cpsM@YkYms 

� PBMC+°Ʀ&ǶȺ°øǻŨ,ɇBD FACSAria cell sorterɅAriaɆɅBD BioscienceɆ

<ƣ�$ǵ"�ɈPBMC,Ūǫ´) FcR Blocking Reagent (Miltenyi Biotec)% 4	
 ɇ10

°®Ơ�:�Ɉ Aria�7¯¶�:� FCSc=@n, FlowJoɅversion 8.8.7ɇTree StarɆ

%ǻŨ��Ɉ 

 

Ľ�&ŻǎǢŪǫɇfluorescence-minus-one (FMO)LqYpsn 

� FCMǻŨ,�v+ǳ¤Ľ�<ƣ��Ɉ 

CD3-Brilliant Violet 510ɇCD4-PerCPɇCD8-PerCPɇCD45RA-APC-Cy7ɇCCR7-PE-Cy7ɇ

HLA-DR-APCɇCD38-PEɇPD-1-FITCɇCD57-Pacific BlueɅBioLegendɆɈ 

CD45RAɇCCR7ɇHLA-DRɇCD38ɇPD-1ɇCD57+ FMOLqYpsn<�Ķ 67�ɇ

ƀȐ�$ưƞ<ǿ���Ɉ 

propidium iodideɅBDɆ<²ƣ�$ŻǎǢ<Ïþ��Ɉ 
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ǑǼǻŨ 

� ƴȧ, Spearman testɇ2ǜȦč,Mann–Whitney U testɇòǜȦč, Kruskal-Wallis test

<ƣ�ɇPrism 6ɅGraphpad SoftwareɆ<�ƣ��ɈòðȢǻŨ, JMP Pro 10.0ɅSAS 

Institute Inc.Ɇ<�ƣ��Ɉ¨$+Ůþ%ɇşįƁƑ&�$ P =0.05<ƣ��Ɉ 
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ǐũ 

ş¸( ART�Ć§�:� HIVıŪǟ)��9 TǎǢ+ŁǒƱ(Ɔī½rƫėrǝ½

& STs&+ȧ� 

� ş¸( ART�Ć§�:A@nPȢ�Ů¯ȫƧ�v&("� HIVıŪǟ)��9 T

ǎǢ+ŁǒƱ(Ɔī½& STs&+ȧȘ<Ůǽ�9�2ɇSTs�Ɛþ�:�Ïř+ņǴ

ƤŦ+ PBMC�²ƣ%�� 54�%ɇTǎǢ+Ɔī½hsEs%�9HLA-DRɇCD38ɇ

ƫėhsEs%�9 PD-1ɇǝ½hsEs%�9 CD57< CD4/8ȯī TǎǢ&�+M

dRWYſ)cpsM@YkYms%ǻŨ��ɅǶ 5ɆɈ~´+Ůǽ% CD4Ő)şį

č<ȁ2�ɇSTěȯīǜ& STȮīɇSTĚȯīǜ)ǜ°��ɇǻŨ<ǵ"�Ɉ  
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A. CD8	
���

B. CD4	
���

C. CD8��		
��	
FMO���
�	�
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á 19ɈGating strategy& FMOLqYpsn 
� CD8ȯī TǎǢa]nɅAɆɇCD4ȯī TǎǢa]nɅBɆ+�ďǟ 1�+ FCM)
69ǶȺ°øǻŨ+ Gating strategy<Ƽ�ɈmqaƟKsYɇŻǎǢȭÅġɇCD3/8
ɅAɆɇ�9�, CD3/4ɅBɆ& CCR7/CD45RA%ĉȥ�ɇ¨ CD4/8ȯīǎǢ& CD4/8
ȯī TǎǢ+ 4MdRWY)��9 TǎǢ+Ɔī½hsEsɅHLA-DRɇCD38Ɇɇƫ
ėhsEsɅPD-1Ɇɇǝ½hsEsɅCD57Ɇưƞ<ǿ���ɈŮ�ȦɇǜȦ+KsX
?qI,©ȕ%�9Ɉ 
� CD8ȯī TǎǢa]nɅCɆɇCD4ȯī TǎǢa]nɅDɆ+ FMOLqYpsn<
Ƽ�ɈǶȺ°ø+ưƞ<Źƻ)ǿ��9�2ɇǿ���� 1ǶȺ°ø<ȭ��
Ʌfluorescence-minus one;FMOɆ̈ ǶȺ°ø%Ūǫ��MqenɅFMOLqYpsnɆ
<Ì	+ǶȺ°ø%�Ķ�ɇ]FX?dLqYpsn&�$KsX?qI<ǵ"�Ɉ  

D. CD4��		
��	
FMO���
�	�
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Ƕ 5Ɉ¨ CD4/8ȯī TǎǢ)��9ǶȺ°øưƞ+ STsǜȦč 

 

� ş¸( ART�Ć§�:A@nPȢ�Ů¯ȫƧ�v&("� HIVıŪǟ)��9 T

ǎǢ+Ɔī½hsEsɅHLA-DRɇCD38ɆɇƫėhsEsɅPD-1Ɇɇǝ½hsEsɅCD57Ɇ

< STs+Ìǜ%ƀȐ��Ɉ 

2ǜȦč,Mann-Whitney U test<ƣ��Ɉ 

ST-ɉSTȮīǜɇST+ɉSTs� Ɋ1.5x104 copies/106 PBMCs+ STĚȯīǜɇST++ɉSTs

��1.5x104 copies/106 PBMCs+ STěȯīǜɅST++ɆɈ  

Table 1

Percentages among total CD4+ cells

   PD-1+

   CD57+

   HLA-DR+

   CD38+

   HLA-DR+ CD38+

Percentages among total CD8+ cells

   PD-1+

   CD57+

   HLA-DR+

   CD38+

   HLA-DR+ CD38+

4.74

14.15

21.40

63.85

12.15

2.29

62.15

48.05

63.45

29.95

(3.24 − 7.04)

(11.30 − 17.18)

(16.90 − 31.08)

(59.85 − 74.90)

(9.71 − 15.58)

(1.55 − 3.17)

(47.08 − 67.90)

(31.20 − 58.10)

(53.10 − 75.95)

(19.25 − 39.30)

Median (IQR)

p valuea
ST++
n = 18

ST+ & ST−
n = 36

0.3051

0.7816

0.2372

0.9385

0.5095

0.4694

0.0518

0.0037

0.4638

0.0432

**

*

3.89

12.25

19.05

65.60

11.60

2.76

50.60

31.55

69.10

23.60

(2.55 − 7.21)

(9.18 − 19.98)

(15.13 − 27.05)

(55.30 − 73.98)

(8.86 − 14.65)

(1.66 − 4.37)

(41.00 − 61.08)

(24.90 − 37.75)

(61.33 − 75.90)

(18.13 −28.0 )

aP values were calculated using Mann–Whitney test.
*P values less than 0.05.
**P values less than 0.01.

Table 1. Percentage of CD4+ and CD8+ T cells expressing the indicated surface markers.



 79 

� CD8ȯī TǎǢ)��9 CD57,ɇSTěȯīǜ�ɇSTȮīǜɇSTĚȯīǜ&ƀ

Ȑ�ɇɂ� Ñ)�"��şį%,(�"�ɅǶ 5ɆɈCD4/8ȯīTǎǢ)��9 PD-1ɇ

CD4ȯī TǎǢ)��9CD57ȯīȿĖɇSTsǜȦ%şį(č<ȁ2(�"�ɅǶ 4ɆɈ

Ɔī½hsEs%�9 CD8ȯī TǎǢ+ HLA-DRɇCD38©ȯīƀƝ,ɇSTěȯī

ǜ�ɇSTȮīǜɇSTĚȯīǜ&ƀȐ�ɇşį)ɂ�"�ɅǶ 5ɇá 20AɆɈ0�ɇ54

�{ STs�ȯī%�"� 34�)��$ɇSTs+þȢ�& TǎǢ+Ɔī½,Ź+ƴȧ

<Ƽ��Ʌá 20BɆɈ  



 80 

 

á 20Ɉş¸( ART�Ć§�:A@nPȢ�Ů¯ȫƧ�v&("� HIVıŪǟ)��

9 TǎǢ+Ɔī½hsEs,ɇSTs&şį)ƴȧ�9Ɉ 

� CD8ȯī TǎǢ+ HLA-DRɇCD38©ȯīƀƝ+ǜȦčɅAɆɈSTs�ȯī&("�

34�)��9ɇSTs+þȢ�& TǎǢ+Ɔī½+ƴȧɅBɆɈ 

ƁĐǖ,{ô�&Û°��<Ƽ�Ɉ2ǜȦč,Mann-Whitney U testɇƴȧ, Spearman 

test<ƣ��Ɉ 

ST-ɉSTȮīǜɇST+ɉSTs� Ɋ1.5x104 copies/106 PBMCs+ STĚȯīǜɇST++ɉSTs

��1.5x104 copies/106 PBMCs+ STěȯīǜɅST++ɆɈ  

Figure 6

A B

ST++ ST+ & ST−

0

20

40

60

p = 0.0432

H
LA

-D
R

+  
C

D
38

+  
ce

lls
am

on
g 

to
ta

l C
D

8+
 T

 c
el

ls
 (%

)

ST (log10 copies/106 PBMCs)
3 4 5 6

0

20

40

60
rho = 0.4642
p = 0.0057

H
LA

-D
R

+  
C

D
38

+  
ce

lls
am

on
g 

to
ta

l C
D

8+
 T

 c
el

ls
 (%

)

C

ST++ ST+ & ST−  
0

20

40

60

80

p = 0.0037

H
LA

-D
R

+  
ce

lls
am

on
g 

to
ta

l C
D

8+
 T

 c
el

ls
 (%

)

ST (log10 copies/106 PBMCs)

3 4 5 6
0

20

40

60

80

rho = 0.4550
p = 0.0069

H
LA

-D
R

+  
ce

lls
am

on
g 

to
ta

l C
D

8+
 T

 c
el

ls
 (%

)

D

ST++ ST+ & ST- 
0

20

40

60

80

p = 0.0033

H
LA

-D
R

+  
ce

lls
am

on
g 

m
em

or
y 

C
D

8+
 T

 c
el

ls
 (%

)

ST++ ST+ & ST- 
0

20

40

60

80

100

p = 0.0029 

H
LA

-D
R

+  
ce

lls
am

on
g 

ef
fe

ct
or

 C
D

8+
 T

 c
el

ls
 (%

)

ST++ ST+ & ST- 
0

20

40

60

80

NS

H
LA

-D
R

+  
ce

lls
am

on
g 

na
ϊv

e 
C

D
8+

 T
 c

el
ls

 (%
)

E F G



 81 

ARTĆ§´) TǎǢ+Ɔī½�ɂ�Ʈ�%,ɇART)69 STs+Ȯȏ½�ȳĀ�:

9 

� ş¸( ART)68 TǎǢ+ŁǒƱ(Ɔī½4 STþȢ�+�v�ŠĠ�:9)3

��;7�ɇƂƯǜ+ HIVıŪǟ+ÀŐ�u% TǎǢ+ŁǒƱ(Ɔī½& STsþȢ

�&+Ź+ƴȧ�Ƽ�:�Ɉŷ)ɇART+Ć§��:7)x��ğȻ<ǿ��9�2ɇ

ƂƯǜ 54�+ªɇART�Ć§�:9Ƴ´ 1đȦ+ PBMC��ù�:ɇSTs& CD8

ȯī TǎǢ+Ɔī½+ǿ��Êǣ%�"� 37�%ɇSTs& CD8ȯī TǎǢ+Ɔī½

+ǻŨ<ǵ"�ɈARTĆ§´ġ+ CD8ȯī TǎǢ+Ɔī½+¹Ĳ< STsǜȦ�&)

Ƽ�Ʌá 21AɆɈ37�{ 35�Ʌ94.6%Ɇ% ARTĆ§)68 CD8ȯī TǎǢ+Ɔī½

,�v�$�9Ʌá 21AɆɈǜȦ%ƀȐ�9&ɇƙ)ɇƂƯ´) STsěȯī�#ƂƯ

ġ)3 STsěȯī%�"�ǜ%ɇƂƯ´+ CD8ȯī TǎǢ+Ɔī½�ɂ�"�Ʌá

21BɆɈARTĆ§´) TǎǢ+Ɔī½�ɂ�Ʈ�%,ɇART)69 STs+Ȯȏ½�ȳ

Ā�:9Êǣī<Ƽ×�$�9Ɉ  
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á 21ɈSTǜȦ�&+ ARTĆ§´ġ+ CD8ȯī TǎǢ+Ɔī½+¹ĲɈ 

ƂƯ´ġ+Ů��²ƣ%�ɇƂƯġ)68A@nPȢ+Ů¯ȫƧ�v<ȜĶ%�� 37

�)��9 ARTĆ§´Ʌpre-ARTɆ�7Ć§ġɅpost-ARTɆ+ CD8ȯī TǎǢ+Ɔ

ī½+¹ĲɅAɆɈSTsǜſ+ƂƯ´+ CD8ȯī TǎǢ+Ɔī½+ǜȦƀȐɅBɆɈ 

ƁĐǖ,{ô�&Û°��<Ƽ�Ɉ2ǜȦč,Mann-Whitney U test<ƣ��Ɉ 

pre-ARTɉARTĆ§´ɇpost-ARTɉĆ§ġɇST-ɉSTȮīǜɇST+ɉSTs� Ɋ1.5x104 

copies/106 PBMCs+ STĚȯīǜɇST++ɉSTs��1.5x104 copies/106 PBMCs+ STě

ȯīǜɅST++ɆɈ
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ǞĄ 

� Ŕêɇ�6-©Ïƹǃǟ)69ĬǟŮ�<ƣ��~´+Ůǽ68ɇSTs,ɇCD4Ő

&ȧȘ+�9ɇA@nPrmNs`s+hsEs&(8Ģ9�&�Ƽ�:$��Ɉţ

ƹǃ%,ɇ�7)ş¸( ART�Ć§�:A@nPȢ�Ů¯ȫƧ�v&("� HIVı

Ūǟ)��$ɇTǎǢ+ŁǒƱ(Ɔī½rƫėrǝ½& STs&+ȧ�<Ůǽ�ɇSTs

�CD8ȯīTǎǢ+HLA-DRɇCD38ȯīƀƝ&Ź+ƴȧ<Ƽ��&<ŗ7�)��Ɉ

0�ɇARTĆ§´) TǎǢ+Ɔī½�ɂ�Ʈ�%,ɇART)69 STs+Ȯȏ½�ȳ

Ā�:9Êǣī<Ƽ��Ɉ 

� ţƹǃ,ɇSTs�ɇmNs`sǎǢ&�
A@nPúƱɇ�#ɇTǎǢƆī½)6

9ȏ«&�
¥ƪúƱ(ǹǌ<¼Ò��ɇtrascriptional activity+hsEs%�9�&

<ě�ŋŁ�93+%�9Ɉ0�ɇART{+ HIVıŪǟ+tȟ)��$ɇHIVǸǷ

�ÄÝ% TǎǢ+ŁǒƱ(Ɔī½<Ŧ��&<Ƽ×�$�9Ɉţƹǃ+ćȵÞ%,Ǿ

ŗ�ßȸ%�9�ɇƂƯ{+ STsȯīĬǟ%, non-AIDS@fqY4ơÔ}ġ�wǪ

(Êǣī��9Ɉ 

� ARTĆ§´) TǎǢ+Ɔī½�ɂ�ɇ�#ɇSTsěȯī%�9Ʈ�+tȟ%ɇART

Ć§ġ3zǟ+ÜĤ�17:$�(�Ĭǟ,ɇART%,ÜĤ%�(�A@nPúƱɇ

¥ƪúƱ(ƭĲ)�9�&�Ƽ×�:9Ɉ�ġɇARTĆ§ HIVıŪǟ+}ġŌÙ<

Ʋł�Ȳ)ɇ_@mPHĬǟǜ+Ïþ4�§+¸ũ<ǿ��9hsEs&�$ STs,
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0&2 

� ţƹǃ%,ɇŞȓƄƲ�:$�9 HIVıŪǟ+¥ƪǋ+ŁǒƱ(Ɔī½&ǝ½)

#�$ɇǧĔŮ�<ƣ�$ TǎǢ)ƄƲ�$ƹǃ��ɈǇ 1ȟ%,ɇHIVıŪǟ+

CD8ȯī Naive TǎǢ)��9 OX40+Ʃďưƞ&¥ƪǝ½+ȧȘ<Ƽ�ɇǇ 2ȟ%

,ɇART)68A@nP�Ļ³�:$�9 HIVıŪǟ%3ɇtȟ%wü¨( HIVǸ

Ƿ)69TǎǢ+ŁǒƱ(Ɔī½&<Ŧ�$�9�&< trascriptional activity&+ȧȘ

%Ƽ��Ɉ 

� �ġɇǇ 1ȟ+ưĉ&�$ɇŰ* 35ź�v+Ǭđ HIVıŪǟ%¥ƪǝ½�ě�Ĭ

ǟ&ɇ�ďǬđǟɇ�ďɂɄǟ+ CD8ȯī Naive TǎǢ<h@Hp>o@4ŷy�O

sJqMs)69ǔǚƱ(ǻŨ<ǵ�ƀȐ�9�&%ɇɅ1ɆHIVıŪ)69¥ƪǝ½

+Ŷĕɇ4Ʌ2Ɇ¥ƪǝ½� CD8ȯī Naive TǎǢ+Ŷǣ4�+ġ+°½)x�9ğ

Ȼɇ0�ɇɅ3ɆHIVıŪ�ÄÝ+¥ƪǝ½&·Ʉ�ÄÝ+¥ƪǝ½+ƴȝƖ<ŗ7�

)�9�&�ŠĠ�:9Ʌá 22ɆɈ¥ƪǝ½+Ŷĕ<Ïþ��ëÍɇ�:<ŴƱ&�

�ȩĀǱ<ŇǍ�ɇ�9�,ɇ�ďɂɄǟ.3ĩƣ%�9�3�:(�Ɉǝ½)ȧȘ

��Ǐȍ&�$ mTORǏȍ�Ǫ�ƶ7:$�9ɈĒĈŠ68ıŪƮ<ǘ8Ȕ�āǋ

% PI3K-Akt-mTORǏȍ+ŶǣƜĢçðƩ&ŁǒƆī½��8ɇHIVıŪǟ&ɀ��

� TǎǢ+ǝ½<ȁ2ɇmTORȩĀǱ)68¥ƪǝ½�ŌÙ��êÓ 94��9ɈmTOR
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ȩĀǱ�ɇƞã+>Pbmq4PTVq+Ų)¥ƪǋ<����ƣ%ǝ½)ȧȘ��

ƬĬ+}Ȩ)�;:9�3�:(�Ɉ  
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á 22ɈǬđ HIVıŪǟɇ�ďǬđǟɇ�ďɂɄǟ+ CD8ȯī Naive TǎǢ<ǔǚƱ

)ǻŨ�ƀȐ�9űĮɈƥȂǟ�ĶɈ 
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ȄȒ 

� ¾ú+ưĉ<Š�ɇţƹǃ+�2)Ů�<ŉ��$ȼ��ɇŧ�óú¾ƾúƹǃķ

ȪĊƭȬ+Ĭǟ)ŏį&Ħ68ıȄ<ƥ�u�0�Ɉ 

� ţƹǃ+�łĆ&úơ+Ȏ°+�ŋŁ<ȉ80��ɇŧ�óú¾ƾúƹǃķ£ǆ¾

ƯƹǃRqTsıŪƮ°κ�6-ÏȪĊƭȬıŪ¥ƪªƾ+ċţİÎŎńɅƞŕţ¾

ƯƹǃȥưŶűɆɇŧ�óúóúȬ¾úǋƹǃƾơ�ȨģıŪƮú�6-ÏȪĊƭȬ

ıŪƮªƾ+Ûūý¬Ŏń)Ħ68ıȄ<ƥ�u�0�Ɉ 

� ŕ	+ƹǃƆ¹4ÿȲ+ƹǃĸĺ('<t�7�łĆȼ�0��ɇŧ�óú¾ƾú

ƹǃķ£ǆ¾ƯƹǃRqTsıŪƮ°κ+ǅČɅČÐɆİ¬ŎńɅƞâǅıŪƮƹǃ

ķɆ)Ħ68ıȄ<ƥ�u�0�Ɉ 

� Ǉ 2ȟ%©Ïƹǃ<ǵ�ɇA@nPúƱ(ƶǺ<�ŎƼȼ��ĥơƘ½úƹǃķ+

Ɓȅï²ÃîɇƸåĞÃî)Ħ68ıȄ<ƥ�u�0�Ɉ 

 

� ¨$+ǧĔůº�7ȥō�ǨƤ)ƹǃ<��$ȼ�ɇ0�ɇòĨ(ǧĔ+řȦ<µ

�$@qcCsjZrLqRqYɇŮ�+Çȵ(')�Á¶�� �0��ŧ�óú

¾ƾúƹǃķȪĊƭȬıŪ¥ƪªƾ+ǲ�ž£ơɅƞŧ�¾ƾóúɆɇɃƍśĝ£ơɇ

{ť�Ǜ£ơɇÉȈțø£ơɇƌƁĈt£ơɇǮäŹ£ơɇûȜǭȑ£ơɇ±Šrġ



 89 

Šƹ�¾+£ơœ)ıȄ<ƥ�u�0�Ɉ 

� ŕ	+ƹǃơƆ%�yȀ)(80��ŧ�óú¾ƾúƹǃķıŪƮ°κ+PTW

cɇúơɇ0�ɇƹǃ)�Á¶ȼ��ŧ�óú¾ƾúƹǃķȪĊƭȬ+PTWc)ı

Ȅ<ƥ�u�0�Ɉ 

 

�ǲƽĴ  



 90 

Ęƣőƛ 

 

1. Mandell, G.L., Bennett, J.E. & Dolin, R. Mandell, Douglas, and Bennett's principles 

and practice of infectious diseases, (Churchill Livingstone/Elsevier, Philadelphia, PA, 
2010). 

2. Fauci, A.S., Pantaleo, G., Stanley, S. & Weissman, D. Immunopathogenic 
mechanisms of HIV infection. Ann Intern Med 124, 654-663 (1996). 

3. UNAIDS. Fact sheet: 2014 statistics.  (UNAIDS,Geneva, 2015). 
4. Palella, F.J., Jr., Delaney, K.M., Moorman, A.C., Loveless, M.O., Fuhrer, J., Satten, 

G.A., Aschman, D.J. & Holmberg, S.D. Declining morbidity and mortality among 
patients with advanced human immunodeficiency virus infection. HIV Outpatient 
Study Investigators. N Engl J Med 338, 853-860 (1998). 

5. Hogg, R.S., O'Shaughnessy, M.V., Gataric, N., Yip, B., Craib, K., Schechter, M.T. & 
Montaner, J.S. Decline in deaths from AIDS due to new antiretrovirals. Lancet 349, 
1294 (1997). 

6. Wong, K.H., Chan, K.C. & Lee, S.S. Delayed progression to death and to AIDS in a 
Hong Kong cohort of patients with advanced HIV type 1 disease during the era of 
highly active antiretroviral therapy. Clin Infect Dis 39, 853-860 (2004). 

7. Crum, N.F., Riffenburgh, R.H., Wegner, S., Agan, B.K., Tasker, S.A., Spooner, K.M., 
Armstrong, A.W., Fraser, S., Wallace, M.R. & Triservice, A.C.C. Comparisons of 
causes of death and mortality rates among HIV-infected persons: analysis of the pre-, 
early, and late HAART (highly active antiretroviral therapy) eras. J Acquir Immune 

Defic Syndr 41, 194-200 (2006). 
8. Ortiz, G.M., Wellons, M., Brancato, J., Vo, H.T., Zinn, R.L., Clarkson, D.E., Van 

Loon, K., Bonhoeffer, S., Miralles, G.D., Montefiori, D., Bartlett, J.A. & Nixon, D.F. 
Structured antiretroviral treatment interruptions in chronically HIV-1-infected subjects. 
Proc Natl Acad Sci U S A 98, 13288-13293 (2001). 

9. Grunfeld, C., Delaney, J.A., Wanke, C., Currier, J.S., Scherzer, R., Biggs, M.L., Tien, 
P.C., Shlipak, M.G., Sidney, S., Polak, J.F., O'Leary, D., Bacchetti, P. & Kronmal, 
R.A. Preclinical atherosclerosis due to HIV infection: carotid intima-medial thickness 
measurements from the FRAM study. AIDS 23, 1841-1849 (2009). 

10. Lo, J., Abbara, S., Shturman, L., Soni, A., Wei, J., Rocha-Filho, J.A., Nasir, K. & 



 91 

Grinspoon, S.K. Increased prevalence of subclinical coronary atherosclerosis detected 
by coronary computed tomography angiography in HIV-infected men. AIDS 24, 
243-253 (2010). 

11. Currier, J.S., Lundgren, J.D., Carr, A., Klein, D., Sabin, C.A., Sax, P.E., Schouten, 
J.T., Smieja, M. & Working, G. Epidemiological evidence for cardiovascular disease 
in HIV-infected patients and relationship to highly active antiretroviral therapy. 
Circulation 118, e29-35 (2008). 

12. Triant, V.A., Lee, H., Hadigan, C. & Grinspoon, S.K. Increased acute myocardial 
infarction rates and cardiovascular risk factors among patients with human 
immunodeficiency virus disease. J Clin Endocrinol Metab 92, 2506-2512 (2007). 

13. Freiberg, M.S., Chang, C.C., Kuller, L.H., Skanderson, M., Lowy, E., Kraemer, K.L., 
Butt, A.A., Bidwell Goetz, M., Leaf, D., Oursler, K.A., Rimland, D., Rodriguez 
Barradas, M., Brown, S., Gibert, C., McGinnis, K., Crothers, K., Sico, J., Crane, H., 
Warner, A., Gottlieb, S., Gottdiener, J., Tracy, R.P., Budoff, M., Watson, C., Armah, 
K.A., Doebler, D., Bryant, K. & Justice, A.C. HIV infection and the risk of acute 
myocardial infarction. JAMA Intern Med 173, 614-622 (2013). 

14. Paisible, A.L., Chang, C.C., So-Armah, K.A., Butt, A.A., Leaf, D.A., Budoff, M., 
Rimland, D., Bedimo, R., Goetz, M.B., Rodriguez-Barradas, M.C., Crane, H.M., 
Gibert, C.L., Brown, S.T., Tindle, H.A., Warner, A.L., Alcorn, C., Skanderson, M., 
Justice, A.C. & Freiberg, M.S. HIV infection, cardiovascular disease risk factor 
profile, and risk for acute myocardial infarction. J Acquir Immune Defic Syndr 68, 
209-216 (2015). 

15. Monforte, A., Abrams, D., Pradier, C., Weber, R., Reiss, P., Bonnet, F., Kirk, O., Law, 
M., De Wit, S., Friis-Moller, N., Phillips, A.N., Sabin, C.A., Lundgren, J.D. & Data 
Collection on Adverse Events of Anti, H.I.V.D.S.G. HIV-induced immunodeficiency 
and mortality from AIDS-defining and non-AIDS-defining malignancies. AIDS 22, 
2143-2153 (2008). 

16. Grulich, A.E., van Leeuwen, M.T., Falster, M.O. & Vajdic, C.M. Incidence of cancers 
in people with HIV/AIDS compared with immunosuppressed transplant recipients: a 
meta-analysis. Lancet 370, 59-67 (2007). 

17. Choi, A.I., Shlipak, M.G., Hunt, P.W., Martin, J.N. & Deeks, S.G. HIV-infected 
persons continue to lose kidney function despite successful antiretroviral therapy. 
AIDS 23, 2143-2149 (2009). 

18. Crothers, K., Butt, A.A., Gibert, C.L., Rodriguez-Barradas, M.C., Crystal, S., Justice, 



 92 

A.C. & Veterans Aging Cohort 5 Project, T. Increased COPD among HIV-positive 
compared to HIV-negative veterans. Chest 130, 1326-1333 (2006). 

19. Puoti, M., Torti, C., Bruno, R., Filice, G. & Carosi, G. Natural history of chronic 
hepatitis B in co-infected patients. J Hepatol 44, S65-70 (2006). 

20. Puoti, M., Bruno, R., Soriano, V., Donato, F., Gaeta, G.B., Quinzan, G.P., Precone, D., 
Gelatti, U., Asensi, V., Vaccher, E. & Group, H.H.C.I.-S. Hepatocellular carcinoma in 
HIV-infected patients: epidemiological features, clinical presentation and outcome. 
AIDS 18, 2285-2293 (2004). 

21. Brown, T.T. & Qaqish, R.B. Antiretroviral therapy and the prevalence of osteopenia 
and osteoporosis: a meta-analytic review. AIDS 20, 2165-2174 (2006). 

22. Robertson, K.R., Smurzynski, M., Parsons, T.D., Wu, K., Bosch, R.J., Wu, J., 
McArthur, J.C., Collier, A.C., Evans, S.R. & Ellis, R.J. The prevalence and incidence 
of neurocognitive impairment in the HAART era. AIDS 21, 1915-1921 (2007). 

23. Brothers, T.D., Kirkland, S., Guaraldi, G., Falutz, J., Theou, O., Johnston, B.L. & 
Rockwood, K. Frailty in people aging with human immunodeficiency virus (HIV) 
infection. J Infect Dis 210, 1170-1179 (2014). 

24. Antiretroviral Therapy Cohort, C. Life expectancy of individuals on combination 
antiretroviral therapy in high-income countries: a collaborative analysis of 14 cohort 
studies. Lancet 372, 293-299 (2008). 

25. May, M., Gompels, M., Delpech, V., Porter, K., Post, F., Johnson, M., Dunn, D., 
Palfreeman, A., Gilson, R., Gazzard, B., Hill, T., Walsh, J., Fisher, M., Orkin, C., 
Ainsworth, J., Bansi, L., Phillips, A., Leen, C., Nelson, M., Anderson, J. & Sabin, C. 
Impact of late diagnosis and treatment on life expectancy in people with HIV-1: UK 
Collaborative HIV Cohort (UK CHIC) Study. BMJ 343, d6016 (2011). 

26. Kalayjian, R.C., Lau, B., Mechekano, R.N., Crane, H.M., Rodriguez, B., Salata, R.A., 
Krishnasami, Z., Willig, J.H., Martin, J.N., Moore, R.D., Eron, J.J. & Kitahata, M.M. 
Risk factors for chronic kidney disease in a large cohort of HIV-1 infected individuals 
initiating antiretroviral therapy in routine care. AIDS 26, 1907-1915 (2012). 

27. Scherzer, R., Estrella, M., Li, Y., Choi, A.I., Deeks, S.G., Grunfeld, C. & Shlipak, 
M.G. Association of tenofovir exposure with kidney disease risk in HIV infection. 
AIDS 26, 867-875 (2012). 

28. Helleberg, M., Afzal, S., Kronborg, G., Larsen, C.S., Pedersen, G., Pedersen, C., 
Gerstoft, J., Nordestgaard, B.G. & Obel, N. Mortality attributable to smoking among 
HIV-1-infected individuals: a nationwide, population-based cohort study. Clin Infect 



 93 

Dis 56, 727-734 (2013). 
29. Hoffmann, C.J., Seaberg, E.C., Young, S., Witt, M.D., D'Acunto, K., Phair, J. & Thio, 

C.L. Hepatitis B and long-term HIV outcomes in coinfected HAART recipients. AIDS 
23, 1881-1889 (2009). 

30. Deeks, S.G., Lewin, S.R. & Havlir, D.V. The end of AIDS: HIV infection as a chronic 
disease. Lancet 382, 1525-1533 (2013). 

31. Deeks, S.G. HIV infection, inflammation, immunosenescence, and aging. Annu Rev 

Med 62, 141-155 (2011). 
32. Neuhaus, J., Jacobs, D.R., Jr., Baker, J.V., Calmy, A., Duprez, D., La Rosa, A., Kuller, 

L.H., Pett, S.L., Ristola, M., Ross, M.J., Shlipak, M.G., Tracy, R. & Neaton, J.D. 
Markers of inflammation, coagulation, and renal function are elevated in adults with 
HIV infection. J Infect Dis 201, 1788-1795 (2010). 

33. Hunt, P.W., Martin, J.N., Sinclair, E., Bredt, B., Hagos, E., Lampiris, H. & Deeks, S.G. 
T cell activation is associated with lower CD4+ T cell gains in human 
immunodeficiency virus-infected patients with sustained viral suppression during 
antiretroviral therapy. J Infect Dis 187, 1534-1543 (2003). 

34. Kuller, L.H., Tracy, R., Belloso, W., De Wit, S., Drummond, F., Lane, H.C., 
Ledergerber, B., Lundgren, J., Neuhaus, J., Nixon, D., Paton, N.I., Neaton, J.D. & 
Group, I.S.S. Inflammatory and coagulation biomarkers and mortality in patients with 
HIV infection. PLoS Med 5, e203 (2008). 

35. Postler, T.S. & Desrosiers, R.C. The cytoplasmic domain of the HIV-1 glycoprotein 
gp41 induces NF-kappaB activation through TGF-beta-activated kinase 1. Cell Host 

Microbe 11, 181-193 (2012). 
36. Eggena, M.P., Barugahare, B., Jones, N., Okello, M., Mutalya, S., Kityo, C., 

Mugyenyi, P. & Cao, H. Depletion of regulatory T cells in HIV infection is associated 
with immune activation. J Immunol 174, 4407-4414 (2005). 

37. Hunt, P.W., Sinclair, E., Rodriguez, B., Shive, C., Clagett, B., Funderburg, N., 
Robinson, J., Huang, Y., Epling, L., Martin, J.N., Deeks, S.G., Meinert, C.L., Van 
Natta, M.L., Jabs, D.A. & Lederman, M.M. Gut epithelial barrier dysfunction and 
innate immune activation predict mortality in treated HIV infection. J Infect Dis 210, 
1228-1238 (2014). 

38. Sandler, N.G., Wand, H., Roque, A., Law, M., Nason, M.C., Nixon, D.E., Pedersen, 
C., Ruxrungtham, K., Lewin, S.R., Emery, S., Neaton, J.D., Brenchley, J.M., Deeks, 
S.G., Sereti, I., Douek, D.C. & Group, I.S.S. Plasma levels of soluble CD14 



 94 

independently predict mortality in HIV infection. J Infect Dis 203, 780-790 (2011). 
39. Wittkop, L., Bitard, J., Lazaro, E., Neau, D., Bonnet, F., Mercie, P., Dupon, M., 

Hessamfar, M., Ventura, M., Malvy, D., Dabis, F., Pellegrin, J.L., Moreau, J.F., 
Thiebaut, R., Pellegrin, I. & Groupe d'Epidemiologie Clinique du, S.e.A. Effect of 
cytomegalovirus-induced immune response, self antigen-induced immune response, 
and microbial translocation on chronic immune activation in successfully treated HIV 
type 1-infected patients: the ANRS CO3 Aquitaine Cohort. J Infect Dis 207, 622-627 
(2013). 

40. Osborn, O. & Olefsky, J.M. The cellular and signaling networks linking the immune 
system and metabolism in disease. Nat Med 18, 363-374 (2012). 

41. Hotamisligil, G.S. Inflammation and metabolic disorders. Nature 444, 860-867 
(2006). 

42. Ross, R. Atherosclerosis--an inflammatory disease. N Engl J Med 340, 115-126 
(1999). 

43. Hunt, P.W., Cao, H.L., Muzoora, C., Ssewanyana, I., Bennett, J., Emenyonu, N., 
Kembabazi, A., Neilands, T.B., Bangsberg, D.R., Deeks, S.G. & Martin, J.N. Impact 
of CD8+ T-cell activation on CD4+ T-cell recovery and mortality in HIV-infected 
Ugandans initiating antiretroviral therapy. AIDS 25, 2123-2131 (2011). 

44. Kaplan, R.C., Sinclair, E., Landay, A.L., Lurain, N., Sharrett, A.R., Gange, S.J., Xue, 
X., Hunt, P., Karim, R., Kern, D.M., Hodis, H.N. & Deeks, S.G. T cell activation and 
senescence predict subclinical carotid artery disease in HIV-infected women. J Infect 

Dis 203, 452-463 (2011). 
45. Brenchley, J.M., Karandikar, N.J., Betts, M.R., Ambrozak, D.R., Hill, B.J., Crotty, 

L.E., Casazza, J.P., Kuruppu, J., Migueles, S.A., Connors, M., Roederer, M., Douek, 
D.C. & Koup, R.A. Expression of CD57 defines replicative senescence and 
antigen-induced apoptotic death of CD8+ T cells. Blood 101, 2711-2720 (2003). 

46. Kalayjian, R.C., Landay, A., Pollard, R.B., Taub, D.D., Gross, B.H., Francis, I.R., 
Sevin, A., Pu, M., Spritzler, J., Chernoff, M., Namkung, A., Fox, L., Martinez, A., 
Waterman, K., Fiscus, S.A., Sha, B., Johnson, D., Slater, S., Rousseau, F., Lederman, 
M.M., Adult, A.C.T.G.P.T. & Adult, A.C.T.G.P.T. Age-related immune dysfunction 
in health and in human immunodeficiency virus (HIV) disease: association of age and 
HIV infection with naive CD8+ cell depletion, reduced expression of CD28 on CD8+ 
cells, and reduced thymic volumes. J Infect Dis 187, 1924-1933 (2003). 

47. Serrano-Villar, S., Sainz, T., Lee, S.A., Hunt, P.W., Sinclair, E., Shacklett, B.L., Ferre, 



 95 

A.L., Hayes, T.L., Somsouk, M., Hsue, P.Y., Van Natta, M.L., Meinert, C.L., 
Lederman, M.M., Hatano, H., Jain, V., Huang, Y., Hecht, F.M., Martin, J.N., McCune, 
J.M., Moreno, S. & Deeks, S.G. HIV-infected individuals with low CD4/CD8 ratio 
despite effective antiretroviral therapy exhibit altered T cell subsets, heightened CD8+ 
T cell activation, and increased risk of non-AIDS morbidity and mortality. PLoS 
Pathog 10, e1004078 (2014). 

48. Ramirez, L.A., Daniel, A., Frank, I., Tebas, P. & Boyer, J.D. Seroprotection of 
HIV-infected subjects after influenza A(H1N1) vaccination is directly associated with 
baseline frequency of naive T cells. J Infect Dis 210, 646-650 (2014). 

49. Lee, S.A., Sinclair, E., Jain, V., Huang, Y., Epling, L., Van Natta, M., Meinert, C.L., 
Martin, J.N., McCune, J.M., Deeks, S.G., Lederman, M.M., Hecht, F.M. & Hunt, P.W. 
Low proportions of CD28- CD8+ T cells expressing CD57 can be reversed by early 
ART initiation and predict mortality in treated HIV infection. J Infect Dis 210, 
374-382 (2014). 

50. Rajasuriar, R., Booth, D., Solomon, A., Chua, K., Spelman, T., Gouillou, M., Schlub, 
T.E., Davenport, M., Crowe, S., Elliott, J., Hoy, J., Fairley, C., Stewart, G., Cameron, 
P. & Lewin, S.R. Biological determinants of immune reconstitution in HIV-infected 
patients receiving antiretroviral therapy: the role of interleukin 7 and interleukin 7 
receptor alpha and microbial translocation. J Infect Dis 202, 1254-1264 (2010). 

51. Hunt, P.W., Landay, A.L., Sinclair, E., Martinson, J.A., Hatano, H., Emu, B., Norris, 
P.J., Busch, M.P., Martin, J.N., Brooks, C., McCune, J.M. & Deeks, S.G. A low T 
regulatory cell response may contribute to both viral control and generalized immune 
activation in HIV controllers. PLoS One 6, e15924 (2011). 

52. Panel on Antiretroviral Guidelines for Adults and Adolescents. Guidelines for the use 
of antiretroviral agents in HIV-1-infected adults and adolescents. Department of 

Health and Human Services., H-12-16 (Last updated April 8, 2015). 
53. Geiger, H., Denkinger, M. & Schirmbeck, R. Hematopoietic stem cell aging. Curr 

Opin Immunol 29, 86-92 (2014). 
54. Aspinall, R., Pitts, D., Lapenna, A. & Mitchell, W. Immunity in the elderly: the role of 

the thymus. J Comp Pathol 142 Suppl 1, S111-115 (2010). 
55. Pfister, G., Weiskopf, D., Lazuardi, L., Kovaiou, R.D., Cioca, D.P., Keller, M., 

Lorbeg, B., Parson, W. & Grubeck-Loebenstein, B. Naive T cells in the elderly: are 
they still there? Ann N Y Acad Sci 1067, 152-157 (2006). 

56. Strindhall, J., Nilsson, B.O., Lofgren, S., Ernerudh, J., Pawelec, G., Johansson, B. & 



 96 

Wikby, A. No Immune Risk Profile among individuals who reach 100 years of age: 
findings from the Swedish NONA immune longitudinal study. Exp Gerontol 42, 
753-761 (2007). 

57. Effros, R.B. The role of CD8 T cell replicative senescence in human aging. Discov 

Med 5, 293-297 (2005). 
58. Michaud, M., Balardy, L., Moulis, G., Gaudin, C., Peyrot, C., Vellas, B., Cesari, M. & 

Nourhashemi, F. Proinflammatory cytokines, aging, and age-related diseases. J Am 

Med Dir Assoc 14, 877-882 (2013). 
59. Wang, G.C., Kao, W.H., Murakami, P., Xue, Q.L., Chiou, R.B., Detrick, B., McDyer, 

J.F., Semba, R.D., Casolaro, V., Walston, J.D. & Fried, L.P. Cytomegalovirus 
infection and the risk of mortality and frailty in older women: a prospective 
observational cohort study. Am J Epidemiol 171, 1144-1152 (2010). 

60. Hadrup, S.R., Strindhall, J., Kollgaard, T., Seremet, T., Johansson, B., Pawelec, G., 
thor Straten, P. & Wikby, A. Longitudinal studies of clonally expanded CD8 T cells 
reveal a repertoire shrinkage predicting mortality and an increased number of 
dysfunctional cytomegalovirus-specific T cells in the very elderly. J Immunol 176, 
2645-2653 (2006). 

61. Trzonkowski, P., Mysliwska, J., Szmit, E., Wieckiewicz, J., Lukaszuk, K., Brydak, 
L.B., Machala, M. & Mysliwski, A. Association between cytomegalovirus infection, 
enhanced proinflammatory response and low level of anti-hemagglutinins during the 
anti-influenza vaccination--an impact of immunosenescence. Vaccine 21, 3826-3836 
(2003). 

62. Appay, V., van Lier, R.A., Sallusto, F. & Roederer, M. Phenotype and function of 
human T lymphocyte subsets: consensus and issues. Cytometry A 73, 975-983 (2008). 

63. Murphy, K., Travers, P., Walport, M. & Janeway, C. Janeway's immunobiology, 
(Garland Science, New York, 2012). 

64. Croft, M., So, T., Duan, W. & Soroosh, P. The significance of OX40 and OX40L to 
T-cell biology and immune disease. Immunol Rev 229, 173-191 (2009). 

65. Ishii, N., Takahashi, T., Soroosh, P. & Sugamura, K. OX40-OX40 ligand interaction 
in T-cell-mediated immunity and immunopathology. Adv Immunol 105, 63-98 (2010). 

66. Sugamura, K., Ishii, N. & Weinberg, A.D. Therapeutic targeting of the effector T-cell 
co-stimulatory molecule OX40. Nat Rev Immunol 4, 420-431 (2004). 

67. Perfetto, S.P., Chattopadhyay, P.K. & Roederer, M. Seventeen-colour flow cytometry: 
unravelling the immune system. Nat Rev Immunol 4, 648-655 (2004). 



 97 

68. Cocchi, F., DeVico, A.L., Garzino-Demo, A., Arya, S.K., Gallo, R.C. & Lusso, P. 
Identification of RANTES, MIP-1 alpha, and MIP-1 beta as the major 
HIV-suppressive factors produced by CD8+ T cells. Science 270, 1811-1815 (1995). 

69. Tanaka, R., Takahashi, Y., Kodama, A., Saito, M., Ansari, A.A. & Tanaka, Y. 
Suppression of CCR5-tropic HIV type 1 infection by OX40 stimulation via enhanced 
production of beta-chemokines. AIDS Res Hum Retroviruses 26, 1147-1154 (2010). 

70. Murata, K., Nose, M., Ndhlovu, L.C., Sato, T., Sugamura, K. & Ishii, N. Constitutive 
OX40/OX40 ligand interaction induces autoimmune-like diseases. J Immunol 169, 
4628-4636 (2002). 

71. Soroosh, P., Ine, S., Sugamura, K. & Ishii, N. OX40-OX40 ligand interaction through 
T cell-T cell contact contributes to CD4 T cell longevity. J Immunol 176, 5975-5987 
(2006). 

72. Byun, M., Ma, C.S., Akcay, A., Pedergnana, V., Palendira, U., Myoung, J., Avery, 
D.T., Liu, Y., Abhyankar, A., Lorenzo, L., Schmidt, M., Lim, H.K., Cassar, O., 
Migaud, M., Rozenberg, F., Canpolat, N., Aydogan, G., Fleckenstein, B., Bustamante, 
J., Picard, C., Gessain, A., Jouanguy, E., Cesarman, E., Olivier, M., Gros, P., Abel, L., 
Croft, M., Tangye, S.G. & Casanova, J.L. Inherited human OX40 deficiency 
underlying classic Kaposi sarcoma of childhood. J Exp Med 210, 1743-1759 (2013). 

73. Bastidas, S., Graw, F., Smith, M.Z., Kuster, H., Gunthard, H.F. & Oxenius, A. CD8+ 
T cells are activated in an antigen-independent manner in HIV-infected individuals. J 

Immunol 192, 1732-1744 (2014). 
74. Gattinoni, L., Lugli, E., Ji, Y., Pos, Z., Paulos, C.M., Quigley, M.F., Almeida, J.R., 

Gostick, E., Yu, Z., Carpenito, C., Wang, E., Douek, D.C., Price, D.A., June, C.H., 
Marincola, F.M., Roederer, M. & Restifo, N.P. A human memory T cell subset with 
stem cell-like properties. Nat Med 17, 1290-1297 (2011). 

75. Larbi, A. & Fulop, T. From "truly naive" to "exhausted senescent" T cells: when 
markers predict functionality. Cytometry A 85, 25-35 (2014). 

76. Maartens, G., Celum, C. & Lewin, S.R. HIV infection: epidemiology, pathogenesis, 
treatment, and prevention. Lancet 384, 258-271 (2014). 

77. Trautmann, L., Janbazian, L., Chomont, N., Said, E.A., Gimmig, S., Bessette, B., 
Boulassel, M.R., Delwart, E., Sepulveda, H., Balderas, R.S., Routy, J.P., Haddad, E.K. 
& Sekaly, R.P. Upregulation of PD-1 expression on HIV-specific CD8+ T cells leads 
to reversible immune dysfunction. Nat Med 12, 1198-1202 (2006). 

78. Zeng, M., Southern, P.J., Reilly, C.S., Beilman, G.J., Chipman, J.G., Schacker, T.W. 



 98 

& Haase, A.T. Lymphoid tissue damage in HIV-1 infection depletes naive T cells and 
limits T cell reconstitution after antiretroviral therapy. PLoS Pathog 8, e1002437 
(2012). 

79. Balagopal, A., Philp, F.H., Astemborski, J., Block, T.M., Mehta, A., Long, R., Kirk, 
G.D., Mehta, S.H., Cox, A.L., Thomas, D.L. & Ray, S.C. Human immunodeficiency 
virus-related microbial translocation and progression of hepatitis C. Gastroenterology 
135, 226-233 (2008). 

80. Buzon, M.J., Massanella, M., Llibre, J.M., Esteve, A., Dahl, V., Puertas, M.C., Gatell, 
J.M., Domingo, P., Paredes, R., Sharkey, M., Palmer, S., Stevenson, M., Clotet, B., 
Blanco, J. & Martinez-Picado, J. HIV-1 replication and immune dynamics are affected 
by raltegravir intensification of HAART-suppressed subjects. Nat Med 16, 460-465 
(2010). 

81. Eriksson, S., Graf, E.H., Dahl, V., Strain, M.C., Yukl, S.A., Lysenko, E.S., Bosch, 
R.J., Lai, J., Chioma, S., Emad, F., Abdel-Mohsen, M., Hoh, R., Hecht, F., Hunt, P., 
Somsouk, M., Wong, J., Johnston, R., Siliciano, R.F., Richman, D.D., O'Doherty, U., 
Palmer, S., Deeks, S.G. & Siliciano, J.D. Comparative analysis of measures of viral 
reservoirs in HIV-1 eradication studies. PLoS Pathog 9, e1003174 (2013). 

82. Adams, M., Sharmeen, L., Kimpton, J., Romeo, J.M., Garcia, J.V., Peterlin, B.M., 
Groudine, M. & Emerman, M. Cellular latency in human immunodeficiency 
virus-infected individuals with high CD4 levels can be detected by the presence of 
promoter-proximal transcripts. Proc Natl Acad Sci U S A 91, 3862-3866 (1994). 

83. Palangat, M., Meier, T.I., Keene, R.G. & Landick, R. Transcriptional pausing at +62 
of the HIV-1 nascent RNA modulates formation of the TAR RNA structure. Mol Cell 
1, 1033-1042 (1998). 

84. Mizutani, T., Ishizaka, A., Suzuki, Y. & Iba, H. 7SK small nuclear ribonucleoprotein 
complex is recruited to the HIV-1 promoter via short viral transcripts. FEBS Lett 588, 
1630-1636 (2014). 

85. Verdin, E. DNase I-hypersensitive sites are associated with both long terminal repeats 
and with the intragenic enhancer of integrated human immunodeficiency virus type 1. 
J Virol 65, 6790-6799 (1991). 

86. Verdin, E., Paras, P., Jr. & Van Lint, C. Chromatin disruption in the promoter of 
human immunodeficiency virus type 1 during transcriptional activation. EMBO J 12, 
3249-3259 (1993). 

87. Van Lint, C., Emiliani, S., Ott, M. & Verdin, E. Transcriptional activation and 



 99 

chromatin remodeling of the HIV-1 promoter in response to histone acetylation. 
EMBO J 15, 1112-1120 (1996). 

88. Henderson, A., Holloway, A., Reeves, R. & Tremethick, D.J. Recruitment of 
SWI/SNF to the human immunodeficiency virus type 1 promoter. Mol Cell Biol 24, 
389-397 (2004). 

89. Mahmoudi, T., Parra, M., Vries, R.G., Kauder, S.E., Verrijzer, C.P., Ott, M. & Verdin, 
E. The SWI/SNF chromatin-remodeling complex is a cofactor for Tat transactivation 
of the HIV promoter. J Biol Chem 281, 19960-19968 (2006). 

90. He, G. & Margolis, D.M. Counterregulation of chromatin deacetylation and histone 
deacetylase occupancy at the integrated promoter of human immunodeficiency virus 
type 1 (HIV-1) by the HIV-1 repressor YY1 and HIV-1 activator Tat. Mol Cell Biol 
22, 2965-2973 (2002). 

91. Mizutani, T., Ishizaka, A., Tomizawa, M., Okazaki, T., Yamamichi, N., 
Kawana-Tachikawa, A., Iwamoto, A. & Iba, H. Loss of the Brm-type SWI/SNF 
chromatin remodeling complex is a strong barrier to the Tat-independent 
transcriptional elongation of human immunodeficiency virus type 1 transcripts. J Virol 
83, 11569-11580 (2009). 

92. Garcia-Rodriguez, C. & Rao, A. Nuclear factor of activated T cells 
(NFAT)-dependent transactivation regulated by the coactivators p300/CREB-binding 
protein (CBP). J Exp Med 187, 2031-2036 (1998). 

93. Ishizaka, A., Mizutani, T., Kobayashi, K., Tando, T., Sakurai, K., Fujiwara, T. & Iba, 
H. Double plant homeodomain (PHD) finger proteins DPF3a and -3b are required as 
transcriptional co-activators in SWI/SNF complex-dependent activation of NF-kappaB 
RelA/p50 heterodimer. J Biol Chem 287, 11924-11933 (2012). 

94. Lucas, C.L., Kuehn, H.S., Zhao, F., Niemela, J.E., Deenick, E.K., Palendira, U., 
Avery, D.T., Moens, L., Cannons, J.L., Biancalana, M., Stoddard, J., Ouyang, W., 
Frucht, D.M., Rao, V.K., Atkinson, T.P., Agharahimi, A., Hussey, A.A., Folio, L.R., 
Olivier, K.N., Fleisher, T.A., Pittaluga, S., Holland, S.M., Cohen, J.I., Oliveira, J.B., 
Tangye, S.G., Schwartzberg, P.L., Lenardo, M.J. & Uzel, G. Dominant-activating 
germline mutations in the gene encoding the PI(3)K catalytic subunit p110delta result 
in T cell senescence and human immunodeficiency. Nat Immunol 15, 88-97 (2014). 

 


