
� �� �

AIDS������	
�����

A New Aspect for the Pathogenesis of AIDS Establishment

� � � �
Hidemi TAKAHASHI

�������������	

Department of Microbiology and Immunology, Nippon Medical School

����� : HIV, AIDS pathogenesis, dendritic cells, innate immunity, acquired immunity

������� 0 : 3+�30� ,**.

� � � �

�����	�����HIV : human immunodeficiency virus�
��
������� !����	"#$ �AIDS :

acquired immune-deficiency syndrome� �%&'� �()�
� CD.� T*+,-�./�0&1 2����34
 5 67689:� ���;<6=>�?@��A43B
�C2DE� SHIV-23.0PC� F 4' SHIV-C,�+CG
�H6=IJKL��MN� CD.� T*+,-�OP
8./'�Q R�� AIDS��S8���	��'�T
6R�Q:�845 �:�� HIV9US6= CD.� T

V�GW= M263�����1 2��6=MN�
CD.� T*+,-9�6X./6=�
�Y����
	Z��A43HIV9 [�!8\]��G"1 ��
G#$1 U2']^845 \=� _%`�ab9&'�
�34 B(8cHIV)*]F HAART �highly active

anti-retroviral therapy� )*����()������+
9�$8./Gd122R�� e)fg$�,-./�A
43�( CD.-�h09�Q:� U291i��34
 +�9� OY�"2Gj^k)��3�������'
lm��Gno6 CD.�./22R�R2����	�
�945�� ,, -� U27:� p689:US6=k)9
HIV�q^0U6=7�`�R�Grk�5XR�2R
st:�845 AIDS�7�9q^0U�� 8u263
vw�9Gxy �� HIV�z{:|�W�' CD.�
T*+,-]'8X� ;����	�}<1 �=~��
�]'8472��99>^w9�3X 5
�?#]'US6=�97:� HIV�@AB��CD6

������YE[�}� ����� �innate immuni-

ty� �&'6� U��������
�FSGHU`9
AIDS7�G�I1 ��]'8472�JM7:� HIV

�
Gls6 AIDSk)��K=8LMGst3y=45

+� ������� ���

����
E[~���]F ���'� W263NO
G�63@A6=P�87%�G� QQRS�T�6=�
H������$G�63��6`�Uj�}<1 ��
��~���2� @A6=7%��Z���VWXYGX
�W��Z6S �����$GT�6� `�:�l/�
@AF 4'�=��� [G[S�\��~���2�
�Z�� 5
a� � ����!"
�]�^��\���'����2V���27:
I��_g�W`]F �c�� '� B*+,-��a�6
=c���V����3���� 5 U�c�� X��=
G ¡1 IgM8:m� IgGc�'� @A7%��b�
¢N6c�24S��d£&¤�c¥�R2`�:GG¦
1 5 \=U�: IgMA�m IgG2'Z�� NO7:a
e�����@AGf§1 IgA, ¨��V�7:���
�©+gª8«G�6ae��hi¬X6y8«G4T
6���NO���jGf§1 IgE, `63�Yc�2
63� IgM7:��ak��4 IgGF 4' IgA8«G
��1 ®.]¯®��Q:� IgD��?° /Hl�
c�9���gª��34 5 vwc�$'� c����
��G�6V�±�m²1 ��a¤�b�¢N1 U2
���3� P�87%��UjG[�34 �n +�5
U��:6V����W`]F ³o �Thymus� ]	
´Gµ¶= TV�'� V�=�A¶ ��p1G`�RS
�T�6=p1q·a¤]F MHCa¤G�63��1
 5 U�MHCa¤'� V�=]��6=����¸r¤

�gstu : ���� �¹++-�20*, vºwxº»yz{ +�+�/
�������������	
�
Fax : *-�--+0�+3*.

,**.% /¼ 0�µ|

�,**. The Japanese Society for AIDS Research The Journal of AIDS Research

� -/ �3+



�������������	
��MHC��� ��
������������	��
��������	

��MHC��������� � !�����"#��
$� CD2%�&$ CD.���� � T'()*�+��
�����, � ab- T��./012 3abTCR4 �
5 !�6���7���� 8��� CD2���9� ab

- T��$� 	
��MHC���5 !�������
��6:;����
��6��<=>? � �����
����;���@
@
���ABC2D��5 !E
F���������G� ��<
2 T��HI�!&
�� J��K CD.���9� ab- T��$� 	
�
�MHC���5 !�������L�6
���
<=>? � ��M�NF���G�"O�P�QR��
�������G� ��S�)2 T��HI�!&��
J�S�)2 T��$� �(12T�<( 3IL4-.� /� 0�
+*� +-���U "O�P��V��S�)2 T�� ,

- 3Th,4 � IL-,W IFN-g��U�5 <
2 T���
���XY��V��S�)2 T�� +- 3Th+4 ��
���� 3Z ,4�
[\� ]^�O��$8�_`����P
�a��_
 �K��!b !� Oc9"OW<
2 T���dO
 �e"#fgMh��6�i$j%klm9�nh�
��� � !� J�e"#fD�op�qr�&s�tu
!&�S�)2 T���vw � x'9�e"#f(l�
�����kHIVy%�zbM�!{��
b� �������	
J| �e"#f}$~�)#O�_ x�nh���

��K � ]^�O��$*G+^i6
%�&$)#�
P
��j���G�$jD�opk����!&�� J
�$jD�op� ��,#f}� %�&$ ��'#f}�
H�k� J| �D�op�dOk���-i./W0
1��������G� ���O�K !$2�(3i4
k�&� ����./W01�����cq��GM��
ab- TCR���� T'()*W"O�P���� B'
()*��e"#f}�����k� J| �O���
h������$_ 6
�+^i���9�<=>?�
�+|i./012k*G�, !&�Jk53 !{
�� ��./012�8�k� �	T��2�W ¡��
3DC : dendritic cell4 ������, � Toll-like recep-

tor 3TLR4 HI����y%�� ,�J� TLR$¢C
�£&! +*��¤¥����Jk53 !£��  +

��G�+|��¦��������67W§7� %
�&$8¨ !�9W©ªgMh� LPS 3lipopolysac-

charide4� PG 3peptideglycan4� LAM 3lipoarabinomannan4�
�M�$�¦��� CpG«?2�&|¬��:;��
����DNAW� �����<®=y�P���
dsRNA 3double-strand RNA4 W�¯i>?� RNA 3poly

U4 i¥�:°��Jk53 !{�.�04� J�M TLR

�5 !±²����	T��2�W ¡��$� _ 6

�@N���G�+^i³���U��J�+�´q
*W'()*��±² � 6
�a��_ �!b��G
e"#f}�µ9¶��14� AbI� ·
p¸9¦���
LPS�+�µ9¶�����$� �B
ª IL-+��U�
�Jy�¹�B�P�CR �¦º»�D����


 + �¼"O���Oc9#f

H Takahashi : A New Aspect for the Pathogenesis of AIDS Establishment

3 -0 43,



�� ��������	
�������������
����������� A,����� !"����#
��$	�	
%&�'()�* +,-	�./� LPS�
01234�,DC� IL-+*���)�5678	9:�
�; Th,<�=>� T?��@AB)�����
dsRNA7�� Poly CI : CD �01234�,DC� IL-+,

���)�567?�A�E��;�F��G� T?�
���)�56�H��,2D* 5�0;��:�����
IJKLM�� TLR�N�2O��EP��;QR�
ST�UKDC�34B�V� 	
�W��E�@AB�

X�)�56YZ��[2\,*
]��� 	���^��	
�W��E����_`�
X�)�?�a6�2� T?��bc7���d��ef
2�#�F��gh�i �j!)�,f��"< T?
�klmn� Cinvariant TCRD 6op�[� gd< TCR�
#q�, T?�aK� ab< TCR7���d��r�$s
�"< TCR�#q�2tu$v�NK Cnatural killerD ?
��w%d&p2x�NKT Cnatural killer TD ?��� �
"<klmn��#q)�56�012#�F��yz�
',12x��YO��EP7��* 5[�O��E�'
?���(6�2� {|�,0;
)f#q�2x��"
<klmn��N�2#�F��*i+})�56�~

��� ]�klmn��012*i�[�%��"���
AY���[�* )
��� O��EP�@AB)�56
�7\��"a��	�� ���0;
�m���,�6
�,-.8$7�
�� IJ��x�LMX/8$7��
56Y���6
12\,*
+,� ./5;�,IJ8$�0�)��"a�1�Y
2��,3D* 5[��IJ8$0��"a�RG��MHC

�"����,���3)� CD+6��[� 0��[,
IJX/8$��"<� ab< TCR�012*i�[2
x,* 5� CD+�"a�� CD+a, CD+b, CD+c, CD+d� .

���a����[][�[�3�IJ8$� T?��
0�)�Y� �	�	
7�~b"
MHC�"6�F

u� ��6x;c�,7�4r�51AY�x�"7��
56��� CD+�0120��[,8$�"�����
�����p2*i�[�d�6�p�*  ¡� CD+d�

� , 	
W��EP�¢6

� + TLR6*i�"a

TLR + :

TLR , :

TLR - :

TLR . :

TLR / :

TLR 0 :

TLR 1 :

TLR,6=£�¤�Q��¥3� *i�"7�
?�?�8��3)��m��¦�§�CPGD
Q�¨mG©Q����ª�m��CMALP-,D
«L�����ª�G¬Q�®� CLAMD
Poly I : C�� dsRNA7¯�>�X/9�
¦G°±A�����IJ CLPSD
¦G°9A���ªn�¨M� K²:�
?��;:��3)�SGU³��
TLR,66d�MALP-,�*i
<� =� >?� @´�H�[� ssRNA�*i

TLR 2 : <� �´� =� µ´� ¶A� B·¸�H�[�
]�*i�"�7�

TLR 3 :

TLR+* :

?� DNA,� CpG¹��S�*i
@´���º�»¼�H�[�*i�"�7�

The Journal of AIDS Research Vol. 0 No. , ,**.

C -1 D3-



���������	
���������� a-Gal-

actosyl-Ceramide �a-Gal-Cer� ������������
�	������+*�� �� a-Gal-Cer���	
��
�
������� ! ��"#��$��NKT%��&
�'(	���)���*+�,��-.	���(	
/! 01�2�%�� 34�5����/ CD+d���
6����NKT%��&�'(	���75�! 89:
�������;��<	++�� *+� CD+d���=��
NKT%��&�'(	��>/��?7@�	A��B
� �	�
C�01�! DEFGH�%���I��$%���!
J
�KLG�MHC���M����NOPQ��R
�STLU T%��H�%���H�%������H
�%��V��I(	 gdT%�/�	���WX75�
�+,�� �� gdT%�AY�Z ![�\"(	%�>�C
]��6! :�������^]_FTF_`a+-� b
IPP �isopentenyl-pyrophosphate�+.� Sc�_FTFdef
a4! theanine#�g$�"�+/��	<�h%&i�j'
�(< �	 risedronateSc� aminobisphosphonate)k
#/�����l�+0�� �$�� gdT%��&�'��m
n��VH�%���I*�+o�! :�&�'��p,
�S�qr/-.S��� ! gdT%��s,�&�'
��	H��I/�t+A*+�u.Sv0��w$�

,� �������	
������

xyz{��$�! 01��12��DEFG#�34
�56|}�T~�P�! :�34�7��8![�9:
�:��;�34�<�	���=>�S?����	
DC>! S ��H�%���I(	 gdT%�>! :��
CD+d���=��&�'(	NKT%�� S	Z !
[�/@9(	� yz���$�DC>� IL-+,b IL-+*

�=���8![��&�'��$�����! &�'�
� gdT%�� IFN-g�A5(	����6 Th+���F
�U T%�/&�'�! Y� IL-.�A5(	����6
Th,���F�U T%�/&�'��$��/7���
�<	+1�� Y�!NKT%�A CD+d���=������
	�
�����]B����! gdT%���C IFN-g

�A5(	����6 Th+���F�U T%��! Y�
IL-.�A5(	����6 Th,���F�U T%��&
�'(	����6���8![���I��<	��
/D ��S��+2�� ���$�! �12�Z ![��
	%�>�! 34E������]B��6���
8![��! �����������![�TLU T%�
#�=>���%��![������	*F�G(	A
��B� �	 �H -��

-� HIV�������������

��Y�z{�l��$�! �8![��Z ![��
���C1S�;� II���<	A��JK��	�
:��! :�=>��R��34�7�<�L?:�12
�15����O�U TLR����T~�P�! C1S
�E��Ea�=���H�MI�G���\N(	�
�A�! �O�12�+8��<	 CD+d���=��
NKT%��&�'�\N�G���P����	 ¡%
� �DC� /@9��<	� ��DC�! myeloid� ¡%
� �mDC : myeloid dendritic cells� � plasmacytoid� ¡
%� �pDC : plasmacytoid dendritic cells� �Q���!R¢
�mDC� IL-+,�A5��6%��![��$ CTLb
NK�=��H�%��I�"£(	��S�! +¢�
pDC� IFN-a�b�A5��6DEFG¤T�UV�W�
(	��/XD��l�+3�� :��WX! HIVY��@9
��6mDCS �� pDCZ����¥¦/�� �	
��! ��� /,***§dU�mlxy�HIV/¨�=�@9
(	�mDC�[DS¥¦/�� �! CD.\� T%�
� Th+���E��Ea¤T�A5�]( IL-+,��
^/[�?©ª��	��/7����,*��
01�! IgA�Q_�«G�56![�`¬(	�B�
 �	a=�®Ke�¯U°��b�! :��O/DC

±��'²���	GM-CSF�¤T(	DC�³>��
	��! :�� CD.S �� CCR/�+8��HIVH´
��G(	%���	���75�,+�! 56cµ�de(
	DC/HIVH´��G(	���JK(	��A�!
f¶¨�6gh��DC/HIV�H�(	���·��
�l�� � �! WXHIV�H���DC/�¸� CD.

\� T%��! HIVH��Gi�)¹ � Apoptosis�º
 �	��/7����,,�� xy�»"�! Z ![��
=>�?����	DC/HIV�H�(	���:/!
IFN-a�b�A5��	DEFGY��¤TW��jV IL-

+,�=��%��![�k¼��©ª(	��A�! CD

� - Z ![��	�8![��I

H Takahashi : A New Aspect for the Pathogenesis of AIDS Establishment

� -2 �3.



.�� T������	
��� AIDS���	���
�������	�������

� � � �

� ! "�HIV#$%&'(�)*+,-	./ CD.

��0123 T��456�! 7��89:+���#
;:+4 CD.�� T������4<8=! &'>?@
���� AIDS8A�BC��DEFC��G� �H�I
8F! JK�HARRTLM�NO#! PQ�4 CD.8R
S���8&'>?@��TU	VGF�V��#I�
�	WXYZ��[=! \1]^1# CD.���89
_4 AIDS��4#<8FI��	Y����� �`�
abGc/4! HIV4c=A�BCG&'>?��8! d
#e�&'(! �4HIV456�GDC�fg4�h
��V�IFi! DC	HIV56HFj���V4! HIV

456�GDC�kl	RSBm�no�pq78!
HAARTLM�rstumGvw�xGIULyz�I
�V��DEFC� {| .}� �~! DC��V4���
�4���56�����4�u� gdT��! IF�4
NKT������M�pqV��I��	���4I
����/� "��$%&'������4�E! e�&
'��������4c�xGI AIDS���M8��C
��	� �G�,-}�

� �

+ } Autran B, Caarcelain G, Li TS, Blanc C, Mathez D,

Tubiana R, Katlama C, Debre P, Leibowitch J : Positive

e#ects of combined antiretroviral therapy on CD.¡ T

cell homeostasis and function in advanced HIV disease.

Science ,11 : ++,�++0, +331.

, } Pontesilli O, Kerkhof-Garde S, Notermans DW, Found-

raine NA, Roos MTL, Klien MR, Danner SA, Lange

JMA, Miedemq F : Functional T cell reconstitution and

human immunodeficiency virus-+-specific cell-mediated

immunity during highly active antiretroviral therapy. J

Infect Dis +2* : 10�20, +333.

- } Chun T-W, Fauci AS : Latent reservoirs of HIV : Obsta-

cles to the eradication of virus. Proc Natl Acad Sci USA

30 : +*3/2�+*30+, +333.

. } Hemmi H, Takeuchi O, Kawai T, Kaisho T, Sato S,

Sanjo H, Matsumoto M, Hoshino K, Wagner H, Takeda

K, Akira S : A toll-like receptor recognizes bacterial

DNA. Nature .*2 : 1.*�1./, ,***.

/ } Alexopoulou L, Holt AC, Medzhitov R, Flavell RA :

Recognition of double-stranded RNA and activation of

NF-kappaB by Toll-like receptor -. Nature .+- : 1-,�
1-2, ,**+.

0 } Heil F, Hemmi H, Hochrein H, Ampenberger F,

Kirschning C, Akira S, Lipford G, Wagner H, Bauer S :

Immunology : After the toll rush. Science -*- : +.2+�
+.2,, ,**..

1 } Takeuchi J, Watari E, Shinya E, Norose Y, Matsumoto

M, Seya T, Sugita M, Kawana S, Takahashi H : Down-

regulation of Toll-like receptor expression in monocyte-

derived Langerhans cell-like cells : implications of low-

responsiveness to bacterial components in the epidermal

Langerhans cells. Biochem Biophys Res Commun -*0 :

01.�013, ,**-.

� . HIV56¢@��4c� CD. T���£¤

The Journal of AIDS Research Vol. 0 No. , ,**.

{ -3 }3/



2 � Fujimoto C, Nakagawa Y, Ohara K, Takahashi H :

Polyriboinosinic polyribocytidylic acid [poly (I : C)]/

TLR- signaling allows class I processing of exogenous

protein and induction of HIV-specific CD2� cytotoxic T

lymphocytes. Int Immunol +0 : //�0-, ,**..

3 � Brigl M, Brenner MB : CD+ : Antigen presentation and

T cell function. Annu Rev Immunol ,, : 2+1�23*, ,**..

+*� Kawano T, Cui J, Koezuka Y, Toura I, Kaneko Y,

Motoki K, Ueno H, Nakagawa R, Sato H, Kondo E,

Koseki H, Taniguchi M : CD+d-restricted and TCR-

mediated activation of valpha+. NKT cells by glyco-

sylceramides. Science ,12 : +0,0�+0,3, +331.

++� Ishii R, Shimizu M, Nakagawa Y, Shimizu K, Tanaka S,

Takahashi H : In vivo priming of natural killer T cells by

dendritic cells pulsed with hepatoma-derived acid-eluted

substances. Cancer Immunol Immunother /- : -2-�-3*,

,**..

+,� Kuribayashi H, Wakabayashi A, Shimizu M, Kaneko H,

Norose Y, Nakagawa Y, Wang J, Kumagai Y, Margulies

DH, Takahashi H : Resistance to viral infection by in-

traepithelial lymphocytes in HIV-+ P+2-I+* -specific T-

cell receptor transgenic mice. Biochem Biophys Res

Commun -+0 : -/0�-0-, ,**..

+-� Bukowski JF, Morita CT, Brenner MB : Human gamma

delta T cells recognize alkylamines derived from mi-

crobes, edible plants, and tea : implications for innate

immunity. Immunity ++ : /1�0/, +333.

+.� Wesch D, Marx S, Kabelitz D : Comparative analysis of

alpha beta and gamma delta T cell activation by

Mycobacterium tuberculosis and isopentenyl pyrophos-

phate. Eur J Immunol ,1 : 3/,�3/0, +331.

+/� Kamath AB, Wang L, Das H, Li L, Reinhold VN,

Bukowski JF : Antigens in tea-beverage prime human

Vgamma, Vdelta, T cells in vitro and in vivo for

memory and nonmemory antibacterial cytokine re-

sponses. Proc Natl Acad Sci USA +** : 0**3�0*+., ,**-.

+0� Saito T, Tada K, Shimizu M, Nakamura T, Ito H,

Takahashi H : Orally administrated risedronate can

commit Vgamma,Vdelta, T cells to IFN-gamma secret-

ing e#ectors in patients with osteoporosis. Biomed Res

,/ : +�2, ,**..

+1� Ferrick DA, Schrenzel MD, Mulvania T, Hsiel B, Ferlin

WG, Lepper H : Di#erential production of interferon-

gamma and interleukin-. in response to Th+- and Th,-

stimulating pathogens by gamma delta T cells in vivo.

Nature -1- : ,//�,/1, +33/.

+2� Miyamoto K, Miyake S, Yamamura T : A synthetic

glycolipid prevents autoimmune encephalomyelitis by in-

ducing TH, bias of natural killer T cells. Nature .+- :

/-+�/-., ,**+�
+3� Knight SC, Patterson S : Bone marrow-derived dendritic

cells, infection with human immunodeficiency virus, and

immunopathology. Annu Rev Immunol +/ : /3-�0+/,

+331.

,*� Jerandi G, Mounzer K, Kostman J, Trinchieri G,

Montaner LJ : Persistent decreases in blood plasmacy-

toid dendritic cell number and function despite e#ective

highly active antiretroviral therapy and increased blood

myeloid dendritic cells in HIV-infected individuals. J

Immunol +02 : .130�.2*+, ,**,.

,+� Ichikawa M, Sugita M, Takahashi M, Satomi M,

Takeshita T, Araki T, Takahashi H : Breast milk macro-

phages spontaneously produce granulocyte-macrophage

colony-stimulating factor and di#erentiate into dendritic

cells in the presence of exogenous interleukin-. alone.

Immunology +*2 : +23�+3/, ,**-.

,,� Lichtner M, Maranon C, Vidalain PO, Azocar O, Hanau

D, Lebon P, Burgard M, Rouzioux C, Vullo V, Yagita H,

Rabourdin-Combe C, Servet C, Hosmalin A : HIV type

+-infected dendritic cells induce apoptotic death in in-

fected and uninfected primary CD. T lymphocytes.

AIDS Res Hum Retroviruses ,* : +1/�+2,, ,**..

,-� Takahashi H : Antigen presentation in vaccine develop-

ment. Comp Immun Microbiol Infect Dis ,0 : -*3�-,2,

,**-.

H Takahashi : A New Aspect for the Pathogenesis of AIDS Establishment

� .* �30




