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ABSTRACT
Objectives. Takayasu’s arteritis (TAK) 
LQYROYHV� LQÁDPPDWRU\� YDVFXOLWLV� RI�
large vessels and mainly affects the 
aorta and its major branches. Abnor-
mal immunity may play a vital role in 
TAK pathogenesis. Regulatory T cells 
(Treg cells) are important for periph-
eral tolerance, but under certain con-
ditions Treg cells can differentiate into 
Th-like cells that have lost immune sup-
pressive function and promote the de-
velopment of autoimmune diseases. The 
role of Th-like Treg cells in TAK is un-
clear and this study aims to investigate 
the function of Th-like Treg cell subsets 
and associated cytokines in TAK.
Methods. A total of 51 patients with 
TAK and 32 healthy controls were en-
rolled. The percentage of Th1, Th2, 
Th17, Tregs and Th-like Treg cells in 
EORRG� VDPSOHV� ZDV� DQDO\VHG� E\� ÁRZ�
cytometry. Serum cytokine levels were 
detected using a cytometric bead array 
for cytokines.
Results. TAK patients had decreased 
numbers of Th2-like Treg cells in the 
peripheral blood (p=0.002) relative 
to healthy controls. The percentage of 
Treg cells in samples from TAK patients 
also decreased (p=0.002), but the Th2 
cell percentage (p=0.04) increased 
compared to healthy controls. TAK pa-
tients had higher serum levels of IL-4 
(p<0.001) and IL-13 (p<0.001) than 
healthy controls, and levels of both cy-
tokines correlated to IL-6 levels. 
Conclusions. We studied changes in T 
helper-like Treg cell subsets in TAK for 
WKH� ÀUVW� WLPH� DQG� GLVFRYHUHG� WKDW� WKH�
number of Th2-like Treg cells in periph-
eral blood decreased. Results of this 
study suggested that Th2-like Treg cells 
could contribute to TAK pathogenesis.

Introduction
Takayasu’s arteritis (TAK) is a rare, 
V\VWHPLF� LQÁDPPDWRU\� YDVFXOLWLV� RI�
ODUJH� YHVVHOV� DQG� SDUWLFXODUO\� DIIHFWV�

WKH� DRUWD� DQG� LWV� EUDQFKHV� DV� ZHOO� DV�
SXOPRQDU\� DUWHULHV�� $UWHULDO� LQÁDP-
PDWLRQ�LQ�7$.�UHVXOWV�LQ�YDVFXODU�ZDOO�
WKLFNHQLQJ� DQG� UHPRGHOOLQJ� IROORZHG�
E\�DUWHU\�VWHQRVLV��RFFOXVLRQ��DQHXU\VP�
RU� GLVVHFWLRQ�� &OLQLFDO� PDQLIHVWDWLRQV�
RI�7$.�LQFOXGH�WLVVXH�DQG�RUJDQ�LVFKDH-
PLD�DQG�KDHPRUUKDJLF�VKRFN�FDXVHG�E\�
YDVFXODU�UXSWXUH��,Q�VHYHUH�FDVHV��7$.�
FDQ�EH�OLIH�WKUHDWHQLQJ������7KH�PRUWDO-
LW\� RI� SDWLHQWV� ZLWK� 7$.� LV� �����IROG�
KLJKHU� WKDQ� WKDW� RI� KHDOWK\� FRQWUROV�
�����$OWKRXJK�WKH�SDWKRJHQHVLV�RI�7$.�
UHPDLQV� XQFOHDU�� DEQRUPDO� LPPXQH�
IXQFWLRQ�PD\� SOD\� D� YLWDO� UROH�� 7KHUH�
LV�HYLGHQFH�WKDW�LQ�7$.��PDFURSKDJHV�
DQG�D�YDULHW\�RI�O\PSKRLG�FHOOV�LQFOXG-
LQJ�&'�+�DQG�&'�+�7�FHOOV��Ƣƣ�7�FHOOV��
1.�FHOOV�DQG�%�FHOOV�LQÀOWUDWH�WKH�DUWH-
ULDO�ZDOO��DQG�FLUFXODWLQJ�OHYHOV�RI�SUR�
LQÁDPPDWRU\� F\WRNLQHV� VXFK� DV� LQWHU-
OHXNLQ����,/�����,/����&;&/����&&/��
DQG�&&/��DUH�HOHYDWHG�����
5HJXODWRU\� 7� FHOOV� �7UHJ� FHOOV�� DUH� D�
VXEVHW�RI�&'�+7�FHOOV�WKDW�H[SUHVV�KLJK�
OHYHOV�RI�,/���UHFHSWRU�Ơ�FKDLQ��&'����
LQ� DGGLWLRQ� WR� WKH� WUDQVFULSWLRQ� IDFWRU�
)R[S��� 7UHJ� FHOOV� DUH� LPSRUWDQW� IRU�
SHULSKHUDO� WROHUDQFH� WKDW� LV� QHFHVVDU\�
WR� LQKLELW� WKH� GHYHORSPHQW� RI� DXWRLP-
PXQH� GLVHDVHV�� 7� FHOOV� RI� WKLV� OLQHDJH�
IXQFWLRQ�YLD�FHOO�FRQWDFW�PHFKDQLVPV�RU�
VHFUHWLRQ� RI� LQKLELWRU\� F\WRNLQHV� VXFK�
DV�,/�����7*)�ơ�DQG�,/���������'HIHFWV�
LQ�HLWKHU�WKH�QXPEHU�RU�IXQFWLRQ�RI�7UHJ�
FHOOV�PD\�EH�LQYROYHG�LQ�PDQ\�DXWRLP-
PXQH�GLVHDVHV�LQFOXGLQJ�V\VWHPLF�OXSXV�
HU\WKHPDWRVXV��UKHXPDWRLG�DUWKULWLV�DQG�
JLDQW�FHOO�DUWHULWLV��������+RZHYHU��WKHUH�
LV� OLPLWHG� LQIRUPDWLRQ� FRQFHUQLQJ� WKH�
UROH� RI� 7UHJ� LQ� 7$.� ������� (PHUJLQJ�
HYLGHQFH� LQGLFDWHV� WKDW� 7UHJ� FHOOV� FDQ�
GLIIHUHQWLDWH�LQWR�7K���7K��RU�7K���OLNH�
FHOOV�DQG�LQ�WXUQ�ORVH�WKHLU�LPPXQH�VXS-
SUHVVLYH� IXQFWLRQ� XQGHU� FHUWDLQ� FRQGL-
WLRQV��7UHJ�FHOO�SODVWLFLW\�FDQ�FRQWULEXWH�
WR� DXWRLPPXQH� GLVHDVH� SDWKRJHQHVLV��
,Q� WKLV� VWXG\�� ZH� IRFXVHG� RQ� WKHVH� 7�
KHOSHU�OLNH�7UHJV�DQG�UHODWHG�F\WRNLQHV�
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LQ�WKH�SHULSKHUDO�EORRG�RI�7$.�SDWLHQWV��
DQG�DOVR�LQYHVWLJDWHG�KRZ�WKHLU�QXPEHU�
DQG� IXQFWLRQ� FRUUHODWH� ZLWK� 7$.� GLV-
HDVH�DFWLYLW\�����

Materials and methods
Study subjects
$� WRWDO� RI� ��� FRQVHFXWLYH�&KLQHVH� SD-
WLHQWV�ZLWK�7$.�ZKR�ZHUH�UHIHUUHG�EH-
WZHHQ�0DUFK������DQG�1RYHPEHU������
WR� $Q]KHQ� +RVSLWDO�� DIÀOLDWHG� ZLWK�
&DSLWDO� 0HGLFDO� 8QLYHUVLW\� LQ� &KLQD��
IXOÀOOHG�WKH�FULWHULD�IRU�FODVVLÀFDWLRQ�RI�
7$.� GHYHORSHG� E\�$PHULFDQ� &ROOHJH�
RI�5KHXPDWRORJ\� �$&5�� LQ�������$F-
WLYLW\�RI�7$.�ZDV�GHÀQHG�E\�DQ�,QGLDQ�
7DND\DVX� $FWLYLW\� �,7$6�$�� LQWHJUDO�
VFRUH� ��� GHWHUPLQHG� XVLQJ� DQ� LQWHJUDO�
PHWKRG� ����� 2I� WKH� ��� 7$.� SDWLHQWV��
�����������DQG������������ZHUH�LQ�DQ�
DFWLYH� DQG� LQDFWLYH� GLVHDVH� VWDWH�� UH-
VSHFWLYHO\��7KH�SDWWHUQ�RI�DQJLRJUDSKLF�
LQYROYHPHQW� LQ� 7$.� SDWLHQWV� ZDV� GH-
VFULEHG� DFFRUGLQJ� WR� WKH� FODVVLÀFDWLRQ�
RI�1XPDQR�et al.�������$V�FRQWUROV�����
DJH� DQG� VH[�PDWFKHG� KHDOWK\� YROXQ-
WHHUV�ZHUH�HQUROOHG��7KH�VWXG\�SURWRFRO�
ZDV� DSSURYHG� E\� WKH� 0HGLFDO� (WKLFV�
&RPPLWWHH�RI�$Q]KHQ�+RVSLWDO�

Flow cytometry
&HOO� SKHQRW\SH� ZDV� DQDO\VHG� E\� ÁRZ�
F\WRPHWU\��$�����ƫ/�DOLTXRW�RI�KHSDULQ-
LVHG�EORRG�VDPSOHV�ZDV�VWLPXODWHG�ZLWK�
��� QJ�P/�SKRUERO����P\ULVWDWH����DF-
HWDWH��30$��DQG�������QJ�P/�LRQRP\-
FLQ� LQ� WKH�SUHVHQFH�RI�*ROJL�6WRS��%'�
%LRVFLHQFHV��IRU���KRXUV��DQG�WKHQ�LQFX-
EDWHG�ZLWK�DQWL�KXPDQ�PRXVH�DQWLERG-
LHV�DJDLQVW�&'��),7&�$��&'��%9����
$��%'�3KDUPLQJHQ��DQG�&'���%9����
$��%'�3KDUPLQJHQ���$IWHU�À[DWLRQ�DQG�
SHUPHDELOLVDWLRQ�� VDPSOHV� ZHUH� LQFX-
EDWHG� ZLWK� DQWLERGLHV� DJDLQVW� )R[3��
$OH[D� )OXRU� ����$� �%'�3KDUPLQJHQ���
,/���3(�&\��$��%'�3KDUPLQJHQ���DQG�
,/����%9����$� �%'� 3KDUPLQJHQ��� ,Q�
DOO�H[SHULPHQWV��D�FRQWURO�DQWLERG\�IRU�
WKH�UHVSHFWLYH�,J*�LVRW\SH�ZDV�LQFOXG-
HG��)ORZ�DVVD\V�ZHUH�FRQGXFWHG�XVLQJ�
D� )$&6� &DOLEXU� ÁRZ� F\WRPHWHU� �%'��
86$��DQG�DQDO\VHG�ZLWK�)ORZ-R�Y�������
VRIWZDUH��7UHH�6WDU��

Cytokine assay
6HUXP�VDPSOHV�IRU�������7$.�SDWLHQWV�
DQG� ������ KHDOWK\� FRQWUROV� ZHUH� FRO-

OHFWHG� DQG� F\WRNLQH� OHYHOV� ZHUH� GH-
WHFWHG�XVLQJ�WKH�%LR�3OH[�3UR��+XPDQ�
&\WRNLQH����SOH[�$VVD\��%LR�5DG��DF-
FRUGLQJ� WR� WKH�PDQXIDFWXUHU·V� LQVWUXF-
WLRQV��/HYHOV�RI� VHUXP�F\WRNLQHV� ,/����
,/����� ,/���� ,/���� ,)1�Ƣ�� 71)�Ơ� DQG�
,/����ZHUH�PHDVXUHG�

Statistical analysis
6WDWLVWLFDO� GHVFULSWLRQV� DQG� LQIHUHQFHV�
ZHUH�SHUIRUPHG�ZLWK�WKH�6366�Y�������
VWDWLVWLFV�SDFNDJH��&KLFDJR��,/��86$���
$FFRUGLQJ� WR� WKH� QRUPDOLW\�� YDULDEOHV�
ZHUH�GHVFULEHG�DV�PHDQ���6(�RU�DV�PH-
GLDQ��30����30�����6WXGHQW·V�W�WHVW�RU�
:LOFR[RQ�UDQN� WHVW�ZHUH�XVHG� WR�FRP-
SDUH� GLIIHUHQFHV� EHWZHHQ� WZR� JURXSV��
7KH� 3HDUVRQ� FRUUHODWLRQ� WHVW�ZDV� XVHG�
WR� HYDOXDWH� FRUUHODWLRQV� EHWZHHQ� SD-
UDPHWHUV��p-YDOXHV�������ZHUH� FRQVLG-
HUHG�WR�EH�VWDWLVWLFDOO\�VLJQLÀFDQW�

Results
Clinical characteristics 
of TAK patients
$PRQJ� WKH�7$.�SDWLHQWV� LQ� WKLV� VDP-
SOH�� WKH� SHUFHQWDJH� RI� IHPDOHV� ZDV�
������WLPHV�WKDW�RI�PDOHV�DQG�RQ�DYHU-
DJH� GLVHDVH� RQVHW� RFFXUUHG� GXULQJ� WKH�
WKLUG�GHFDGH�RI�OLIH��7KH�PHGLDQ�,7$6�
$� OHYHO� ZDV� ��� SRLQWV��0RVW� SDWLHQWV�
ZHUH�WDNLQJ�VHYHUDO�FRQFRPLWDQW�PHGL-
FDWLRQV��7DEOH�,���7\SH�9�ZDV�WKH�PRVW�
FRPPRQ� DQJLRJUDSKLF� FODVVLÀFDWLRQ�
SDWWHUQ��7DEOH�,,��

Decreased numbers of peripheral
Treg cells and increased numbers 
of Th2 cells in patients with TAK
,Q� WKLV� VWXG\�� &'�+&'�+,)1�Ƣ+T 
FHOOV�� &'�+&'�+,/��+ T cells, 
&'�+&'�+,/���+� 7� FHOOV� DQG�
&'�+&'�+&'��+)R[S�+� 7� FHOOV� ZHUH�
GHÀQHG� DV� 7K��� 7K��� 7K��� DQG� 7UHJ�
FHOOV�� UHVSHFWLYHO\�� :H� IRXQG� WKDW�
7$.� SDWLHQWV� KDG� D� VLJQLÀFDQWO\� ORZ-
HU� SURSRUWLRQ� RI� 7UHJ� FHOOV� FRPSDUHG�
WR� KHDOWK\� FRQWUROV� >)LJ�� �$�� �����
������� ������ vs.� ����� ������� ������ ���
p �������@�� 7KH� QXPEHU� RI� 7K�� FHOOV�
ZDV�VLJQLÀFDQWO\�KLJKHU�LQ�SDWLHQWV�ZLWK�
7$.�UHODWLYH�WR�WKH�FRQWURO�JURXS�>�����
������� ������� vs.� ����� ������� ��������
p �������0HDQZKLOH��WKH�SHUFHQWDJHV�RI�
7K��DQG�7K���FHOOV�LQ�SHULSKHUDO�EORRG�
IURP� 7$.� SDWLHQWV� DQG� FRQWUROV� ZHUH�
QRW� VLJQLÀFDQWO\� GLIIHUHQW�� ����� �������

�����vs.����������������������p ������
DQG������ ��������������vs.������ �������
�������� p ������� UHVSHFWLYHO\� �)LJ��
�%���
)RU� SDWLHQWV� ZLWK� DFWLYH� DQG� LQDFWLYH�
7$.�� QR� VLJQLÀFDQW� GLIIHUHQFH� ZDV�
VHHQ� LQ� WKH� SHUFHQWDJH� RI� HLWKHU� 7UHJ�
FHOOV�>�������������������vs��������������
��������p �����@�RU�7K��FHOO�SHUFHQW-
DJH�>�������������������vs.�������������
��������p �����@�
:H�DOVR�LQYHVWLJDWHG�WKH�UDWLR�RI�HIIHF-
WRU�7�FHOOV�WR�7UHJ�FHOOV��DQG�GLVFRYHUHG�
WKDW�WKH�UDWLRV�RI�7K��WR�7UHJ�FHOOV�DQG�
7K��� WR� 7UHJ� FHOOV� ZHUH� VLJQLÀFDQWO\�
KLJKHU� LQ� 7$.� SDWLHQWV� FRPSDUHG� WR�
FRQWUROV� >����� ������� ������ vs.� �����
������� ������� p ������ DQG� ����� �������
������vs.��������������������p �������UH-
VSHFWLYHO\@��+RZHYHU��WKHUH�ZDV�QR�VLJ-
QLÀFDQW�GLIIHUHQFH�LQ�WKH�UDWLR�RI�7K��WR�
7UHJ�FHOOV�LQ�7$.�SDWLHQWV�DQG�FRQWUROV�
�������������������vs.��������������������
p �������)LJ������
7KH�7K��7UHJ� UDWLR� >����� ������� ������

Table I. 'HPRJUDSKLF�GDWD��GLVHDVH�DFWLYLW\�
DQG�PHGLFDWLRQV�RI�7$.�SDWLHQWV�

*HQGHU��Q�����
 ��0DOH� ���������
���)HPDOH� ��� �������
$JH��\HDUV��PHDQ���6(�� ������������
$JH�RI�RQVHW��\HDUV��PHDQ���6(�� ������������
(65�>PP�K��PHGLDQ��3����3���@� ����������
&53�>PJ�/��PHGLDQ��3����3���@����������������������
1,+�>PHGLDQ��3����3���@� ���������
,7$6�$�>PHGLDQ��3����3���@� ���������
,7$6������>PHGLDQ��3����3���@� ���������

0HGLFDWLRQV��Q�����
���6WHURLGV� ����������
���7RFLOL]XPDE� ����������
���&\FORSKRVSKDPLGH� ����������
���0\FRSKHQRODWH�PRIHWLO� ����������
���7DFUROLPXV� ��������
���0HWKRWUH[DWH� ����������
���/HÁXQRPLGH� ������
���$]DWKLRSULQH� ��������
���$QWLPDODULDOV� ��������
���7ULSWHU\JLXP� ��������

Table II. $QJLRJUDSKLF� FODVVLÀFDWLRQ� RI�
7$.�SDWLHQWV�

$QJLRJUDSKLF�FODVVLÀFDWLRQ��Q������

��7\SH�,� ���������
 �7\SH�,,D� ������
��7\SH�,,E� ����������
��7\SH�,,,� ��������
��7\SH�,9� ��������
��7\SH�9� ����������
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vs.� ����� ������� ������� p �����@� DQG�
7K���7UHJ� UDWLR� >����� ������� ������ vs. 
����� ������� ������� p �����@�ZHUH� DOVR�
QRW� VWDWLVWLFDOO\� GLIIHUHQW� EHWZHHQ� DF-
WLYH�DQG�LQDFWLYH�7$.�JURXSV�

Numbers of peripheral 
Th2-like Treg cells were 
decreased in patients with TAK
7UHJ�FHOOV�FRXOG�DFTXLUH�FKDUDFWHULVWLFV�
RI� 7K��� 7K�� RU� 7K���OLNH� FHOOV� LQ� WKH�

SUHVHQFH�RI�VRPH�VWLPXODWRU�DJHQWV�DQG�
WKH� SODVWLFLW\� RI� 7UHJ� FHOOV� FRQWULEXWHV�
WR� DXWRLPPXQH� GLVHDVH� SDWKRJHQHVLV��
:H� GHÀQHG� &'�+&'�+)R[S�+,)1�Ƣ+ 
7�FHOOV��&'�+&'�+)R[S�+,/��+ T cells, 

Fig. 1A��3HUFHQWDJH�RI�7UHJ�
FHOOV� GHWHFWHG� E\� ÁRZ� F\WR����
PHWU\�� 7$.� SDWLHQWV� KDG� D�
VLJQLÀFDQWO\� ORZHU� SURSRU-
WLRQ�RI�7UHJ�FHOOV�WKDQ�KHDOWK\�
FRQWUROV�

Fig. 1B��3HUFHQWDJH�RI�7K���7K���7K���FHOOV�GHWHFWHG�E\�ÁRZ�F\WRPHWU\��7$.�SDWLHQWV�KDG�D�VLJQLÀFDQWO\�KLJKHU�SURSRUWLRQ�RI�7K��FHOOV�WKDQ�KHDOWK\�FRQWUROV�
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DQG� &'�+&'�+)R[S�+,/���+ T cells 
DV� 7K��OLNH�� 7K��OLNH�� DQG� 7K���OLNH�
7UHJ� FHOOV�� UHVSHFWLYHO\�� LQ� WKLV� VWXG\��
7KH� SHUFHQWDJH� RI� 7K��OLNH� 7UHJ� FHOOV�
ZDV�VLJQLÀFDQWO\�ORZHU�LQ�SDWLHQWV�ZLWK�
7$.�WKDQ�KHDOWK\�FRQWUROV�>������������
�������vs.���������������������p ��������
ZKHUHDV� WKHUH� ZHUH� QR� GLIIHUHQFHV� LQ�
HLWKHU� WKH� SURSRUWLRQ� RI� 7K��OLNH� RU�
7K���OLNH�7UHJ�FHOOV�EHWZHHQ�7$.�SD-
WLHQWV� DQG� FRQWURO� JURXSV� >����� �������
������vs.��������������������p ������DQG�

����� ������� ������vs.� ����� ������� �������
p �����@��)LJ������1R�VLJQLÀFDQW�GLIIHU-
HQFH�LQ�WKH�SHUFHQWDJH�RI�7K��OLNH�7UHJ�
FHOOV�ZDV�VHHQ�EHWZHHQ�DFWLYH�DQG�LQDF-
WLYH�7$.�JURXSV�>�������������������vs. 
��������������������p �����@�

Elevated serum levels of 
Th2-associated cytokines in patients 
with TAK and positive correlation 
with IL-6 levels
7R�GHWHUPLQH�ZKHWKHU� WKHUH� DUH� DEQRU-

PDOLWLHV� LQ� 7K��DVVRFLDWHG F\WRNLQHV�
LQYROYHG� LQ� 7$.�� WKH� VHUXP� OHYHOV� RI�
,/���� ,/���� ,/����ZHUH�PHDVXUHG�� ,/���
OHYHOV�ZHUH�VLJQLÀFDQWO\�HOHYDWHG�LQ�SD-
WLHQWV�ZLWK�7$.�UHODWLYH�WR�KHDOWK\�FRQ-
WUROV� ����������� vs.� ���������� SJ�PO��
p���������0HDQZKLOH��,/���ZDV�GHWHFW-
HG�LQ�RQO\�RQH�7$.�SDWLHQW�DQG�QR�VDP-
SOHV�IURP�KHDOWK\�FRQWUROV�KDG�GHWHFWD-
EOH�,/���OHYHOV��7$.�SDWLHQWV�KDG�KLJKHU�
OHYHOV� RI� ,/���� >����� ������� ������� vs. 
���������������SJ�PO��p������@�

Fig. 2.�5DWLRV�RI�KHOSHU�7�FHOOV�WR�7UHJ�FHOOV�LQ�7$.�SDWLHQWV�DQG�FRQWUROV��7KH�UDWLRV�RI�7K��WR�7UHJ�FHOOV�DQG�7K���WR�7UHJ�FHOOV�ZHUH�VLJQLÀFDQWO\�KLJKHU�
LQ�7$.�SDWLHQWV�WKDQ�FRQWUROV�

Fig. 3.�3HUFHQWDJH�RI�7K�OLNH�7UHJ�FHOOV�GHWHFWHG�E\�ÁRZ�F\WRPHWU\��7$.�SDWLHQWV�KDG�D�VLJQLÀFDQWO\�ORZHU�SURSRUWLRQ�RI�7K��OLNH�7UHJ�FHOOV�WKDQ�KHDOWK\�FRQWUROV�
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$V�H[SHFWHG��OHYHOV�RI�RWKHU�VHUXP�F\-
WRNLQHV�LQFOXGLQJ�,/��>������������������
vs.� ����� ������� ������ SJ�PO��p������@��
,)1�Ƣ>����� ������� ������� vs.� �� ���� ���
SJ�PO��p������@��71)�Ơ>��������������
������� vs.� ������ �������� ������� SJ�
ml, p �����@�DQG�,/����>��������������
�������� vs.� ������ �������� ������� SJ�
ml, p������@�ZHUH�PDUNHGO\�KLJKHU�LQ�
7$.�SDWLHQWV� WKDQ� LQ� KHDOWK\� FRQWUROV�
�)LJ�����
:H� QH[W� FDOFXODWHG� WKH� FRUUHODWLRQ�
RI� OHYHOV� RI� VHUXP� F\WRNLQHV� WR� 7$.�
GLVHDVH�DFWLYLW\��/HYHOV�RI� VHUXP� ,/���
�U ������� p �������� ,/���� �U �������
p �������� ,)1�Ƣ� �U ������� p ��������
71)�Ơ� �U ������� p ������� DQG� ,/����
�U �������p �������ZHUH�DOO�SRVLWLYHO\�
FRUUHODWHG�ZLWK�,/���OHYHOV��D�ZLGHO\�DF-
FHSWHG�PDUNHU�RI�7$.�GLVHDVH�DFWLYLW\��
DOWKRXJK� ,7$6�$� UHVXOWV� VKRZHG� WKDW�
OHYHOV�RI� WKHVH� F\WRNLQHV�ZHUH� VLPLODU�
IRU�WKH�DFWLYH�DQG�LQDFWLYH�7$.�JURXSV�
�,/���� ���������� vs.� ���������� SJ�
ml, p ������� ,/����� ����� ������� ������
vs.��������������������SJ�PO��p �������
,)1�Ƣ�� ����� ���� ������� vs.� ����� �������
������� SJ�PO��p �������71)�Ơ�� ������
���������������vs.����������������������
SJ�PO��p �������,/����������������vs. 
�����������SJ�PO��p� �������
7KH�QXPEHU�RI�FLUFXODWLQJ�HRVLQRSKLOV�LQ�
7$.�SDWLHQWV�ZDV�GHWHUPLQHG�WR�EH������
�������������[���9�/�DQG�WKH�SHUFHQWDJH�
RI� HRVLQRSKLOV� DPRQJ� WKH� WRWDO� ZKLWH�
EORRG�FHOO�FRXQW�ZDV��������������������
7KH�HRVLQRSKLO�FRXQW�ZDV�QRW�FRUUHODWHG�

ZLWK�VHUXP�,/��� �U �������p ������DQG�
,/�����U �������p �������OHYHOV�
7KH�OHYHO�RI�WRWDO�,J(�LQ�7$.�SDWLHQWV�
ZDV����������������������,8�PO�EXW�WKLV�
YDOXH�GLG�QRW�FRUUHODWH�ZLWK�WKH�VHUXP�
OHYHOV�RI�,/����U ��������p ������RU�,/�
����U ��������p �������

Discussion
,Q�WKLV�VWXG\�ZH�LQYHVWLJDWHG�7�KHOSHU�
OLNH� 7UHJ� VXEVHWV� LQ� 7$.� DQG� LGHQWL-
ÀHG� DEQRUPDO� QXPEHUV� RI� 7K��OLNH�
7UHJV� LQ� SHULSKHUDO� EORRG� IURP� 7$.�
SDWLHQWV��3ODVWLFLW\�ZDV� UHFHQWO\� IRXQG�
WR�EH�D�FKDUDFWHULVWLF�RI�7UHJ�FHOOV�WKDW�
HQDEOHV� WKHVH� FHOOV� WR� DGDSW� WR� FKDQJ-
LQJ� HQYLURQPHQWDO� VLJQDOV��8QGHU� FHU-
WDLQ� FRQGLWLRQV�� VXFK� DV� WKRVH� VHHQ� LQ�
DOOHUJLF�DQLPDO�PRGHOV�RI�DXWRLPPXQH�
GLVHDVH� DQG� IRRG�DOOHUJLF� SDWLHQWV�� DV�
ZHOO� DV� LQ� DQG� WXPRXULJHQLF� HQYLURQ-
PHQWV�� 7UHJ� FHOOV� XSUHJXODWH� WKH� H[-
SUHVVLRQ� RI� WKH� WUDQVFULSWLRQ� IDFWRUV�
,5)��DQG�67$7���DQG�VHFUHWH�WKH�SUR�
LQÁDPPDWRU\�F\WRNLQHV�,/���DQG�,/����
WR�DFTXLUH�7K��OLNH�SKHQRW\SHV��7KHVH�
7UHJ� FHOOV� KDYH� GLPLQLVKHG� IXQFWLRQ��
ZKLOH� PDLQWDLQLQJ� )R[S�� H[SUHVVLRQ�
������ 5HSURJUDPPLQJ� LQWR� 7K��OLNH�
FHOOV�FRXOG�HOLFLW�7UHJ�FHOO�G\VIXQFWLRQ�
DQG�LQGXFH�DXWRLPPXQH�GLVHDVH��,Q�SD-
WLHQWV�ZLWK�V\VWHPLF�VFOHURVLV��7UHJ�FHOO�
SODVWLFLW\�FDQ�HPHUJH�LQ�VNLQ�WLVVXH�DQG�
FRQWULEXWH�WR�ÀEURVLV��7UHJ�FHOOV�LQ�WKH�
DIIHFWHG� VNLQ� RI� 66F� SDWLHQWV� DSSHDU�
WR�SURGXFH�PRUH�RI� WKH�7K��FHOO�DVVR-
FLDWHG� F\WRNLQHV� ,/��� DQG� ,/���� WKDQ�

KHDOWK\� FRQWUROV�� LQGLFDWLQJ� D� UROH� IRU�
WLVVXH�VSHFLÀF� GLIIHUHQWLDWLRQ� RI� 7UHJ�
FHOOV� LQWR�7K��OLNH� FHOOV� LQ� 66F� ÀEUR-
VLV��7KHVH�UHVXOWV�VXJJHVW�WKDW�7K��OLNH�
7UHJ�FHOOV�PD\�EH�LQYROYHG�LQ�DXWRLP-
PXQH� GLVHDVH� SDWKRJHQHVLV�� DOWKRXJK�
7K��OLNH� 7UHJ� FHOOV� LQ� 7$.� KDYH� QRW�
EHHQ� SUHYLRXVO\� HYDOXDWHG�� 2XU� ÀQG-
LQJV� FKDUDFWHULVHG�7K��OLNH�7UHJ� FHOOV�
LQ�7$.� IRU� WKH� ÀUVW� WLPH� DQG� VKRZ� D�
SRWHQWLDO� UROH� IRU� 7UHJ� SODVWLFLW\� LQ�
YDVFXOLWLV��,QWHUHVWLQJO\��ZH�IRXQG�WKDW�
WKH� SURSRUWLRQ� RI� 7K��OLNH� 7UHJ� FHOOV�
GHFUHDVHG� LQ�SHULSKHUDO�EORRG�RI�7$.�
SDWLHQWV� UHODWLYH� WR�KHDOWK\� FRQWUROV�� D�
result that suggests that Th2-like Treg 
FHOOV� PD\� LQÀOWUDWH� DQG� GDPDJH� ORFDO�
WLVVXHV��5HFHQW�DGYDQFHV�UHYHDOHG�WKDW�
DUWHULHV� DUH� LPPXQH�SULYLOHJHG� VLWHV��
EXW� XQGHU� FHUWDLQ� VWLPXODWLRQV�� ORFDO�
LPPXQH�UHVSRQVHV�FDQ�EH�DFWLYDWHG�DQG�
YHVVHO�LQMXU\�PD\�RFFXU��:KHWKHU�WKHUH�
LV� YHVVHO�ORFDOLVHG�7K��OLNH�7UHJ� FHOOV�
LQ�WKH�DUWHULHV�RI�7$.�SDWLHQWV�UHTXLUHV�
IXUWKHU�LQYHVWLJDWLRQ��
$V� HYLGHQFHG� E\� UHFHQW� VWXGLHV�� WKH�
PHFKDQLVP� E\� ZKLFK� 7UHJ� FHOOV� DUH�
UHSURJUDPPHG� LQWR� 7K��OLNH� FHOOV� LV�
OLNHO\� FRPSOH[�� 6HOHFWLYH� DXJPHQWD-
WLRQ� RI� ,/��5� VLJQDOOLQJ�PD\� SURPRWH�
7K��SRODULVHG� 7UHJ� FHOOV�� ZKHUHDV� WKH�
DEVHQFH� RI� ,/��� DQG� ,/���� FRXOG� SUR-
WHFW�7UHJ�FHOO� OLQHDJHV� IURP�GLIIHUHQWL-
DWLQJ� WR� 7K��OLNH� FHOOV�� 7K�� F\WRNLQHV�
DOVR� SOD\� DQ� LPSRUWDQW� UROH� LQ� LQGXF-
WLRQ� RI� 7K��OLNH� 7UHJV� ������ ,QWHUOHX-
NLQ���� �,/����� LV� D� 7K�� FHOO²LQGXFLQJ�

Fig. 4.�6HUXP�OHYHOV�RI�
F\WRNLQHV� GHWHFWHG� E\�
D� F\WRPHWULF� EHDG� DU-
UD\� IRU� F\WRNLQHV�� 7$.�
SDWLHQWV� KDG� D� VLJQLÀ-
FDQWO\� KLJKHU� OHYHOV� RI�
F\WRNLQHV� LQFOXGLQJ� ,/�
��� ,/����� ,/���� ,)1�Ƣ��
71)�Ơ� DQG� ,/���� WKDQ�
KHDOWK\�FRQWUROV�
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F\WRNLQH� WKDW� LV� SULQFLSDOO\� H[SUHVVHG�
LQ� HQGRWKHOLDO� FHOOV� XSRQ� LQGXFWLRQ� E\�
LQÁDPPDWLRQ�DQG�DFWV�DV�D�PDMRU�UHJX-
ODWRU� RI� WLVVXH�7UHJV� DV�ZHOO� DV� W\SH���
LPPXQH� UHVSRQVHV�� 7KXV�� ,/���� FRXOG�
PRGXODWH�ERWK�KRPHRVWDVLV�DQG�LQÁDP-
PDWLRQ� ������ ([SUHVVLRQ� RI� WKH� ,/����
UHFHSWRU�67��FRORFDOLVHG�ZLWK�)R[S��LQ�
VNLQ�WLVVXH�IURP�66F�SDWLHQWV��VXSSRUW-
LQJ� WKH�QRWLRQ� WKDW� VNLQ�ORFDOLVHG�7UHJ�
FHOOV�DUH�SRLVHG�WR�GLIIHUHQWLDWH�LQWR�7K��
F\WRNLQH�SURGXFLQJ�FHOOV��2WKHU�PHFKD-
QLVPV� RI� 7UHJ� FHOO� WUDQVGLIIHUHQWLDWLRQ�
WR� 7K��OLNH� FHOOV� VKRZHG� WKH� LQYROYH-
PHQW� RI� UHFRPELQDWLRQ� VLJQDO�ELQGLQJ�
SURWHLQ�IRU�WKH�LPPXQRJOREXOLQ�NDSSD�-�
UHJLRQ��5ESM���D�NLQG�RI�WUDQVFULSWLRQDO�
UHJXODWRU� WKDW� LV� FRPPRQO\� NQRZQ� WR�
DFW�DV�D�FR�IDFWRU�GXULQJ�1RWFK�VLJQDO-
OLQJ� DQG� WKDW� LV� FULWLFDO� IRU� UHVWUDLQLQJ�
7K�� UHVSRQVHV�� 0HDQZKLOH�� 7UHJ�VSH-
FLÀF� 5ESM� GHOHWLRQ� FRXOG� LQGXFH� 7K��
OLNH� GLIIHUHQWLDWLRQ� SRWHQWLDO� RI� 7UHJ�
FHOOV�LQ�D�PRXVH�PRGHO�������7KH�KDOO-
PDUN� WUDQVFULSWLRQ� UHJXODWRU� RI� 7UHJ��
)R[S��� KDV� D� GLUHFW� UROH� LQ� VXSSUHVV-
LQJ�7K��OLNH�7UHJ� FHOOV�� VR� UHFDSLWXOD-
WLRQ�RI�WKH�)R[S��YDULDQW�FRXOG�LQGXFH�
D�7K��PHGLDWHG� LPPXQH� UHVSRQVH� WKDW�
SURGXFHV�DXWRLPPXQH�V\PSWRPV�GXH�WR�
W\SH���F\WRNLQH�SURGXFWLRQ������
:KHWKHU� 7K��DVVRFLDWHG� F\WRNLQHV� DUH�
LQYROYHG�LQ�7$.�SDWKRJHQHVLV�UHPDLQV�
D� PDWWHU� RI� GHEDWH�� ,/��� LV� D� W\SLFDO�
7K�� F\WRNLQH� WKDW� UHJXODWHV�7� FHOO� DF-
WLYDWLRQ�� GLIIHUHQWLDWLRQ�� SUROLIHUDWLRQ��
DQG� VXUYLYDO�� ,/��� DOVR� FRQWUROV� LP-
PXQRPRGXODWLRQ� RI�%� FHOOV� DQG�PDQ\�
RWKHU� FHOO� W\SHV�� 7KH� IXQFWLRQ� RI� ,/���
LQ� LQÁDPPDWLRQ� LV� FRPSOH[�� 2Q� WKH�
RQH� KDQG�� ,/��� FDQ� LQKLELW� SURGXFWLRQ�
RI� SURLQÁDPPDWRU\� F\WRNLQHV� VXFK� DV�
71)�Ơ�� ,/���� ,/��� DQG� SURVWDJODQGLQ�
(�� �3*(���� ZKLOH� RQ� WKH� RWKHU� KDQG��
,/��� VLJQDOOLQJ� SDUWLFLSDWHV� LQ� SUR�
LQÁDPPDWRU\� PHFKDQLVPV� ������ ,/���
LV� HVVHQWLDO� IRU� WKH� LQGXFWLRQ� DQG� SUR-
OLIHUDWLRQ�RI�HRVLQRSKLOV��DV�ZHOO�DV�IRU�
%� FHOOV� WR� LQGXFH� DQWLERG\� VHFUHWLRQ��
7K�� FHOOV� DUH� D�PDMRU� SURGXFHU� RI� ,/�
���ZKLFK�LV�PDLQO\�LQYROYHG�LQ�DOOHUJLF�
GLVHDVHV�� VXFK� DV� DVWKPD�� HRVLQRSKLOLF�
HVRSKDJLWLV� DQG� HRVLQRSKLOLF� JUDQXOR-
PDWRVLV�ZLWK�SRO\DQJLLWLV��(*3$��������
,/����LV�PDLQO\�SURGXFHG�E\�7K��FHOOV��
EXW�FDQ�RULJLQDWH�IURP�D�UDQJH�RI�VRXUF-
HV��LQFOXGLQJ�7K���7K���DQG�,/&��FHOOV��

,/����KDV�SURPLQHQW�UROHV�LQ�LPPXQLW\��
LQÁDPPDWLRQ��ÀEURVLV��DQG�DOOHUJLF�GLV-
HDVHV��3UHYLRXV�VWXGLHV�LQGLFDWHG�WKH�LQ-
YROYHPHQW�RI�,/����LQ�WKH�SDWKRJHQHVLV�
RI�DXWRLPPXQH�GLVHDVHV��ZLWK�DEQRUPDO�
H[SUHVVLRQ�OHYHOV�LQ�V\VWHPLF�OXSXV�HU\-
WKHPDWRVXV��6/(���UKHXPDWRLG�DUWKULWLV�
�5$���V\VWHPLF�VFOHURVLV��66F���XOFHUD-
WLYH�FROLWLV��8&���W\SH���GLDEHWHV��7�'��
DQG� 6M|JUHQ·V� V\QGURPH� �66��� ZKLFK�
PDNHV� ,/���� D� SURPLVLQJ� WKHUDSHXWLF�
WDUJHW�������
&KDQJHV� LQ� ,/��� DQG� ,/���� OHYHOV� LQ�
SDWLHQWV�ZLWK�7$.�KDG�QRW�EHHQ�SUHYL-
RXVO\� H[DPLQHG�� ZKHUHDV� WKH� UROH� RI�
,/���LQ�GLIIHUHQW�DXWRLPPXQH�GLVHDVHV��
LQFOXGLQJ� 7$.�� LV� FRQWURYHUVLDO�� SHU-
KDSV� LQ� SDUW� EHFDXVH� RI� GLIIHUHQFHV� LQ�
GLVHDVH�DFWLYLW\�DQG�DQJLRJUDSKLF�W\SH�
������,Q�WKLV�VWXG\��ZH�IRXQG�WKDW�VHUXP�
,/���DQG�,/����OHYHOV�ZHUH�HOHYDWHG�LQ�
7$.�SDWLHQWV��&LUFXODWLQJ�,/���ZDV�GH-
WHFWDEOH�LQ�RQO\�RQH�7$.�SDWLHQW�LQ�WKLV�
VWXG\��:H�SURSRVH�WKDW�,/���DQG�,/����
PD\�FRQWULEXWH� WR� LPEDODQFHV� LQ�DXWR-
LPPXQH�DQG�LQÁDPPDWRU\�FKDUDFWHULV-
WLFV�RI�7$.�
,Q� WHUPV� RI� WKH� FRUUHODWLRQ� EHWZHHQ�
7K��OLNH� 7UHJV� DQG� 7$� GLVHDVH� DF-
WLYLW\�� ZH� VDZ� QR� GLIIHUHQFH� LQ� WKH�
SHUFHQWDJH� RI� 7K��OLNH� 7UHJ� FHOOV� RU�
7UHJ� FHOOV� EHWZHHQ� JURXSV� ZLWK� DF-
WLYH� DQG� LQDFWLYH� 7$.�� 3UHYLRXV� HYL-
GHQFH� VKRZHG� WKDW� WKH� IUHTXHQF\� RI�
&'�+)R[S�+&'��KL&'����7UHJV� ZDV�
VLPLODU�LQ�SHULSKHUDO�EORRG�IURP�DFWLYH�
DQG�LQDFWLYH�7$�JURXSV��6SHFLÀFDOO\��WKH�
QXPEHU� RI� &'��5$�&'��+++)R[S�+ 
DFWLYDWHG� PHPRU\� 7UHJV� �D7UHJV�� RU�
&'��5$+&'��++)R[S�+ resting Tregs 
�U7UHJV��GLG�QRW�GLIIHU�EHWZHHQ�WKH�DF-
WLYH�7$�JURXS�DQG�WKH�LQDFWLYH�7$�JURXS�
������ 0HDQZKLOH�� ZH� VDZ� QR� GLIIHU-
HQFHV�LQ�,/���DQG�,/����OHYHOV�EHWZHHQ�
DFWLYH�DQG�LQDFWLYH�7$�JURXSV��DOWKRXJK�
ERWK� ,/��� DQG� ,/���� OHYHOV�ZHUH�SRVL-
WLYHO\�FRUUHODWHG�WR�,/���OHYHOV��D�SULPH�
ELRPDUNHU� WKDW� UHÁHFWV�GLVHDVH�DFWLYLW\�
DQG�LV�DVVRFLDWHG�ZLWK���)�)'*�XSWDNH�
LQ�WKH�DUWHULDO�ZDOO�LQ�7$.�SDWLHQWV��7R�
RXU�NQRZOHGJH��DOO�DVVHVVPHQWV�RI�7$.�
DFWLYLW\� VXFK� DV� WKH� 1DWLRQDO� ,QVWLWXWH�
RI�+HDOWK��1,+��VFRUH������� WKH�,QGLDQ�
7DND\DVX� $FWLYLW\� VFRUH� �,7$6�� DQG�
GLVHDVH�H[WHQW�LQGH[������DV�ZHOO�DV�7D-
ND\DVX� DUWHULWLV� GDPDJH� VFRUH� �7$'V��
�����KDYH�OLPLWDWLRQV�DQG�WKH�LQFRUSRUD-

WLRQ�RI� LPDJLQJ�GDWD� LV�QHHGHG� WR�JDLQ�
D� PRUH� FRPSOHWH� GHVFULSWLRQ� RI� 7$.�
GLVHDVH� DFWLYLW\�� :KHWKHU� VHUXP� ,/���
DQG� ,/���� OHYHOV� FDQ� UHÁHFW� UDGLRORJL-
FDO�FKDQJHV�LQ�WKH�DUWHULDO�ZDOO�LQ�7$.�
SDWLHQWV�VKRXOG�EH�H[SORUHG�LQ�D�IXWXUH�
VWXG\�
$� SUHYLRXV� VWXG\� IRXQG� D� PDUNHG� LQ-
FUHDVH�LQ�7K��DQG�7K���FHOOV�DQG�DVVR-
FLDWHG�F\WRNLQHV� LQ�7$.�SDWLHQWV� ������
:H� GLVFRYHUHG� WKDW� WKH� SHUFHQWDJHV�
RI� 7K�� DQG� 7K��� FHOOV� LQ� SHULSKHUDO�
EORRG� GLG� QRW� GLIIHU� VLJQLÀFDQWO\� EH-
WZHHQ�7$.�SDWLHQWV� DQG� FRQWUROV��7KH�
GLIIHUHQW�UHVXOWV�PD\�EH�GXH�WR�GLVWLQFW�
DQJLRJUDSKLF� W\SHV� DQG�RU� PHGLFDWLRQ�
VWDWXV�� +RZHYHU�� LQ� DFFRUGDQFH� ZLWK�
WKH� UHVXOWV�RI� WKH� VWXG\�E\�6DDGRXQ�et 
al���ZH�UHYHDOHG�WKH�VHUXP�OHYHOV�RI�7K��
F\WRNLQHV�,)1�Ƣ�DQG�71)�Ơ��DV�ZHOO�DV�
7K���F\WRNLQH�,/����ZHUH�VLJQLÀFDQWO\�
KLJKHU�LQ�7$.�SDWLHQWV�WKDQ�LQ�KHDOWK\�
FRQWUROV��ZKLFK�VXJJHVWHG�WKH�VHFUHWLRQ�
IXQFWLRQV� RI� 7K�� DQG� 7K��� FHOOV� HQ-
KDQFHG�LQ�7$.�SDWLHQWV�
+HUH� ZH� IRXQG� WKDW� WKH� IUHTXHQF\� RI�
7K��OLNH�7UHJ�FHOOV�LQ�SHULSKHUDO�EORRG�
GHFUHDVHG�DQG�VHUXP�OHYHOV�RI�ERWK�,/���
DQG� ,/����ZHUH� LQFUHDVHG� LQ�7$.�SD-
WLHQWV�� 7R� RXU� NQRZOHGJH�� WKLV� UHSRUW�
LV� WKH�ÀUVW� WR� VKRZ�DEQRUPDOLWLHV� LQ�7�
KHOSHU�OLNH�7UHJ�FHOO�VXEVHWV�LQ�SDWLHQWV�
ZLWK�7$.��7KH�OLPLWDWLRQ�RI�WKLV�VWXG\�
LV� D� ODFN� RI� IXQFWLRQDO� UHVHDUFK�� 6LQFH�
7$.�LV�D�UDUH�GLVHDVH�DQG�VXUJHULHV�RQ�
WKH� DRUWD� DUH� LQIUHTXHQW�� FROOHFWLRQ� RI�
DUWHULDO� WLVVXH� VSHFLPHQV� IURP�SDWLHQWV�
ZLWK�7$.�ZDV�GLIÀFXOW��)XUWKHU�VWXGLHV�
FRQFHUQLQJ�7K��OLNH�7UHJ�FHOO�IXQFWLRQV�
LQ� 7$.� SDWKRJHQHVLV� DUH� ZDUUDQWHG�
DQG� VKRXOG� IRFXV� RQ� YHVVHO�ORFDOLVHG�
LPPXQH� GLVWXUEDQFHV� DQG� H[SORUH� WKH�
PHFKDQLVP� E\� ZKLFK� 7K��OLNH� 7UHJ�
FHOOV�DUH�LQYROYHG�LQ�7$.�SDWKRJHQHVLV��
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