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Abstract. The e��e����e ��������� �� �e��� �� �he ����e�� ����-e��e����e ��������� �� �e��� �� �he ����e�� ����-
���� m�y ���y� �� �m��r���� r��e �� ���er�er�ebr�� d��� (IVD) 
dege�er�����. I� h�� bee� �h�w� �h�� �he �r�-�����mm���ry 
�y��k��e ��m��r �e�r���� �����r (TNF)-α ��� ��d��e d��� �e�� 
���������. I������-��ke gr�w�h �����r (IGF)-1 ��� �r�m��e 
����e�� �������� �e�� �r����er�����; h�we�er, whe�her �r 
��� IGF-1 ��h�b��� TNF-α-��d��ed ��������� �� �he ����e�� 
�������� h�� ��� ye� bee� e����d��ed. I� �h�� ���dy, ��r �bje�-
���e w�� �� �re��e � ���e������y �her��e���� ��r�� �e���r, wh��h 
����d be ��ed �� ��h�e�e �he e���r�ed e��re����� �� IGF-1 �� 
r�bb�� ����e�� �������� �e���. F�r�herm�re, we ���e���g��ed �he 
�b����y �� IGF-1 �� re�er�e TNF-α-��d��ed ��������� �� �e��� 
�� �he ����e�� ��������. I�����ed ����e�� �������� �e��� were 
cultured to a confluent monolayer, digested with collagenase Ⅱ 
and purified using trypsin and differential adhesion methods. 
Nucleus pulposus cells were positively identified using type Ⅱ 
�����ge� �mm���h�����hem���ry. F����w��g �r����e����� w��h 
�de����r�� �e���r� e�g��eered �� ��ere��re�� re��mb����� 
h�m�� IGF-1 (Ad-hIGF-1) �r TNF-α, �he �e��� were �b�er�ed 
��der � ��gh� m��r�����e. Term���� de��y����e���dy� �r����er��e 
(TdT)-med���ed dUTP-b����� ���k e�d-��be���g (TUNEL) ��d 
flow cytometry (FCM) were used to assess the rate of apoptosis. 
The Ad-hIGF-1 ��r�� �e���r w�� e��e����e�y �r���d��ed ���� 
�he ����e�� �������� �e��� ��d ���re��ed IGF-1 e��re����� �� 
confirmed by RT-PCR and western blot analysis. In the TNF-α-
�re��ed gr���, � ��rge ��mber �� ��������� �e��� w�� �b�er�ed 
�h�� e�h�b��ed m�r�h���g���� �h��ge� ��������ed w��h �h�� ��rm 
�� �e�� de��h. M���m�� ��������� w�� �b�er�ed �� �he Ad-hIGF-
1-�re��ed gr��� ��d �he ����r�� gr��� �h�wed �� �b����� ��g�� �� 
���������. TUNEL ����y re�e��ed �h�� �he r��e �� ��������� �� �he 
Ad-hIGF-1 group was significantly reduced compared with the 
TNF-α-treated group (P<0.01). This result was confirmed using 

FCM. The rate of apoptosis was also significantly increased 
�� �he TNF-α-e����ed �e��� ��m��red w��h �he ����r�� gr��� 
(P<0.01). Our findings strongly suggest that the adenoviral vector 
e��re����g hIGF-1 ��� ����e������y ���e�� ����e�� �������� �e��� 
in vitro ��d e��e����e�y e�h���e �he e��re����� �� IGF-1. I� �dd�-
����, IGF-1 re�er�ed �he TNF-α -��d��ed ��������� �� ����e�� 
�������� �e���. Th��, Ad-hIGF-1 m�y be ��e��� �� �he de�e���-
me�� �� �������� ���er�e������ ��r d��� dege�er�����.

Introduction

I��er�er�ebr�� d��� dege�er����� (IDD) �� � ��mm�� �������� 
d��g����� ��d �� �he �e�d��g ����e �� deb��������g ������ d���rder� 
��d re������g ��wer b��k ���� (LBP) ��d �hy����� d���b����y (1). 
It is difficult to economically manage health problems such 
�� LBP d�e �� �he e��������g ����� �� he���h��re �er���e�. 
F�r�herm�re, �� h�� � �r������ed �m���� �� ����e�y, g��e� 
that it leads to decreased work efficiency among employees 
��d d��r���� �he q�����y �� ���e �� ����e��� (2-4). Ag��g �� �he 
gre��e�� r��k �����r ��r de�e�����g IDD, �� �he ����de��e r��e 
���re��e� gr�d����y w��h �ge (5). D�e �� �he ��m��e����e� �� 
�h�� d���rder, �he me�h����m� �� IDD �re ���r�y ��der����d. 
I� �h�� ���dy, we hy���he��zed �h�� �he �h��ge� ����rr��g �� 
IDD �re �r�m�r��y m����e��ed w��h�� �e��� ��d �he e��r��e�-
����r m��r�� w��h�� �he d���. The ���ered e��r��e�����r m��r�� 
composition of the disc directly defines the characteristics of 
IDD me�h����� (1,6). There �re �e�er�� �����b�e ����e� �� d��� 
degeneration, including the decline of cell viability, modifica-
����� �� e��r��e�����r m��r�� �y��he��� ��d d���r�b�����, �� we�� 
�� e��e����e �e�� ���� d�e �� ���������. I�deed, �he e��reme 
�r�gre����� �� ��������� �� ����e�� �������� �e��� ��� d�re���y 
���e�� ���er�er�ebr�� d��� (IVD) �������� (7).

T�m��r �e�r���� �����r (TNF)-α �� � �r�-�����mm���ry 
�y��k��e �h�� ���y� � �r����� r��e �� d��� dege�er�����. A ��mber 
�� ���d�e� h��e ��d����ed �h�� TNF �� e��re��ed �� �he ��rm�� 
IVD ��d �h�� ��� e��re����� ���re��e� w��h �r�gre����g �ge ��d 
d��� dege�er�����. There��re, TNF-α m�y be � key ���������g 
�����r �� m��r�� dege�er�����. I� m�y ���� ��� �� ��reg����e 
���er�e�k�� (IL)-1β e��re�����, wh��h �� k��w� �� ���y � 
m�j�r r��e �� �r�m����g ���h���g���� d��� degr�d����� (8-11). 
Pre����� ���d�e� h��e dem����r��ed �h�� �������-��ke gr�w�h 
�����r (IGF)-1 ���m����e� �he �r����er����� �� h�m�� ����e�� 
�������� �e��� (12). The ���m������� �� b����e ����e�� �������� 
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�e��� by IGF-1 ��d b��e m�r�h�ge�e��� �r��e�� (BMP)-7 h�� � 
significant impact on anabolism through complementary and 
�y�erg����� me�h����m� �� m��r�� ��rm�����. C�m��red �� 
�re��me�� w��h gr�w�h �����r ����e, �he ��mb������� �her��y �� 
BMP-7 ��d IGF-1 m�y h��d �����der�b�e �r�m��e �� �he �re��-
me�� �� IDD (13). I� �e��� ��� ��ere��re�� IGF-1 ����e, �h�� m�y 
h��e �����der�b�e, �������e �m���� �� �e�� ��r�����; h�we�er, �� 
��r k��w�edge, �h�� h�� ��� bee� dem����r��ed �� d��e.

Ge�e �her��y �� �����dered � ���e����� �her�r�y ��r dege�-
er����e d��� d��e��e. I� �h�� ���dy, ��r m��� �bje����e w�� �� 
de�erm��e �he e��e��� �� �he IGF-1 ge�e �� �he TNF-α-��d��ed 
��������� �� r�bb�� ����e�� �������� �e��� ��d �� ���e���g��e �he 
���e����� ����-��������� me�h����m� ������ed. T� ��h�e�e �he�e 
�bje����e�, we �����r���ed �� �de����r�� �e���r e��re����g �he 
h�m�� IGF-1 (hIGF-1) ge�e ��d �r����e��ed ����e�� �������� 
�e��� w��h �h�� �e���r. We ��ed we��er� b��� ����y��� �� ���e�� 
�r���ge�e e��re����� ��d �erm���� de��y����e���dy� �r����er��e 
(TdT)-med���ed dUTP-b����� ���k e�d-��be���g (TUNEL) ��d 
flow cytometry (FCM) to quantify the apoptotic rate of nucleus 
�������� �e���.

Materials and methods

Cell culture. IVD� were �b����ed �r�m ��mb�r ����e� �� m���re 
New Ze����d wh��e r�bb��� �mmed���e�y ����-m�r�em. Fr�m �he 
IVD�, �he ����e�� �������� w�� h�r�e��ed, w��hed w��h H��k�' 
b�����ed ���� �������� (HBSS) ��d �r�����r�ed �� ��r ��b�r�-
��ry w��h�� 30 m�� �� h�r�e����g. The ����e�� �������� �����e 
w�� r���ed 3 ��me� �� HBSS ��d d���e��ed ���� �m��� �r�gme��� 
�� ~1 mm3 �� ��ze. The �e��� were ������ed �r�m �he ����e�� 
�������� ����g �eq�e����� e�zyme d�ge�����. S�b�eq�e���y, 
0.25% �ry���� w�� ��ed ��r ��rry��g ��� �he ������� 30-m�� 
d�ge����� �����wed by � w��h w��h HBSS ��d ����b����� �� 
the material in 0.1% collagenase type II at 37˚C for 2-3 h. The 
cells were collected by filtering the digested tissue through 
� 200-µm me�h �y��� �e�� ��r���er ��d �e��r���g����� �� �he 
filtrate at 1,000 x g for 5 min. The cells were washed twice 
w��h �h���h��e-b���ered �����e (PBS) ��d �he� re����e�ded 
and grown in Dulbecco's modified Eagle's medium with Ham's 
F-12 ���r�e�� m����re (DMEM-F12) �����eme��ed w��h 10% 
(���/���) �e��� b����e �er�m (FBS) ���� 1% �e�������� ��d ��re�-
��my���. The �����re med��m w�� �h��ged e�ery 2-3 d�y�. The 
phenotype of the nucleus pulposus cells was confirmed using 
�������e �mm����������g ��r �y�e II �����ge�. O��e �he ����e�� 
�������� �e��� h�d ��rmed � m�����yer, �hey were ����wed �� 
expand exponentially until ~80% confluence. Second-passage 
�h��dr��y�e� were ��ed �� ��� �he e��er�me��� (F�g. 1A).

Construction and generation of recombinant adenoviral 
vector expressing hIGF-1 (Ad-hIGF-1). The �de����r�� 
�e���r ���������g �he hIGF-1 ge�e w�� �����r���ed by B��w�� 
Te�h����g�e� C�., L�d. (She�zhe�, Ch���). Se���d-�����ge 
�h��dr��y�e� were d�ge��ed ����g �ry����, �r����erred �� 6-we�� 
����e� ��d gr�w� �� � de����y �� 1�105/m� �� DMEM-F12 
�����eme��ed w��h 10% (���/���) FBS. A��er 24 h �� �dher-
e��e, �he med��m w�� �h��ged �� DMEM-F12 w��h 10% FBS 
���������g TNF-α (100 �g/m�) w��h �r w��h��� Ad-hIGF-1 
��r 48 h [�he �de����r�� ���er w�� 4.0�109 ���q�e ��rm��g 
����� (PFU)/m�]. A ��b�e� �� �e��� gr�w� �� DMEM-F12 w��h 
10% FBS ��r 48 h �er�ed �� �he ����r���.  

RT-PCR. T���� RNA w�� e��r���ed �r�m �he ����e�� �������� 
�e��� ����g TRIz�� re�ge�� (T���ge� B���e�h C�., L�d., Be�j��g, 
Ch���) ����rd��g �� �he m��������rer'� ����r�������. The 
�r�mer� ��r hIGF-1 (546 b�) were 5'-TGGCTTATCGAAATT 
AATACGACTC-3' (��rw�rd) ��d 5'-GGCTGATCAGCGGG 
TTTAAACTTAA-3' (re�er�e). The PCR �r��ed�re w�� �� 
follows: denaturation at 94˚C for 2 min; 30 cycles of 94˚C for 
30 sec, 55˚C for 30 sec, and 72˚C for 30 sec followed by a 60˚C 
e���g����� ��e� ��r 10 m��. E�e��r��h�re��� �� �he RT-PCR 
�r�d���� w�� �er��rmed ����g �� �g�r��e ge�, ��d �he re����� 
were ����yzed by � ge� �m�g��g �y��em.

Western blot analysis. Ar�er re�������� by e�e��r��h�re���, 
�r��e��� were �e��r��ed by 10% ��d��m d�de�y� ������e 
(SDS)-���y��ry��m�de ge� e�e��r��h�re��� (PAGE). The �r��e��� 
were �r����erred ���� ���y���y��de�e d�����r�de (PVDF) 
membr��e� (M������re, Bed��rd, MA, USA). The membr��e� 
were b���ked w��h 5% ���-��� dr�ed m��k �� TBST (10 mM 
Tr��-HC�, 150 mM N�C�, ��d 0.05% Twee�-20, �H 7.5) ��r 1 h 
�� r��m �em�er���re ��d �he� ����b��ed w��h ����b�d�e� �g����� 
hIGF-1 (1:200 d�������; B���er B����g���� Te�h����gy L�d., 
Wuhan, Hubei, China) for 1 h at 37˚C. After washing twice with 
TBST b���er, �he membr��e� were ����b��ed w��h h�r�er�d��h 
�er���d��e-���j�g��ed ����-m���e IgG �e���d�ry ����b�d�e� 
��r 1 h �� r��m �em�er���re ��d de�e��ed ����g � B��-R�d d�g���� 
�m�g��g �y��em (B��-R�d, Her���e�, CA, USA).

TUNEL assay. N���e�� �������� �e��� were ����e��ed ��d 
�����red �� 6-we�� ����e�. E��h we�� w�� ���ered w��h � 1�1-�m 
���er g����. The ���er g����e� were rem��ed ���er 12 h, ��d �he 
cells adherent to the glass were fixed in 4% paraformaldehyde for 
60 m��. Me�h���� ���������g 3% H2O2 w�� �����ed ��r 5 m�� �� 
���������e e�d�ge���� �er���d��e. The �e��� were �he� e����ed 
to 0.1% Triton X-100 at 4˚C for 2 min. These cells were subse-
q�e���y ����b��ed w��h 50 µ� �� �he TUNEL re������ m����re 
(5 µ� TdT-e�zyme �������� ��d 45 µ� �� ����e���de m����re ����-
tion) in the dark at 37˚C for 60 min. The cells were then exposed 
�� 3,3'-d��m���be�z�d��e (DAB) ��d �he� �����er�����ed w��h 
hem����y���. F�����y, �he �e��� were dehydr��ed ����g gr�ded 
e�h���� ��d ���ered w��h � �y�e�e-b��ed m������g med��m. The 
�er�e���ge �� TUNEL-�������e �e��� �r�m �he ����r��, TNF-α 
��d TNF-α + Ad-hIGF-1 groups was quantified within 10 non-
continuous low-power fields (magnification, x100).

FCM. The �e��� were �����red �� DMEM-F12 ���������g 
TNF-α (100 �g/m�) w��h �r w��h��� Ad-hIGF-1 ��r 48 h. 
Ce��� �����red �� DMEM-F12 w��h 1% FBS ��r 48 h �er�ed 
�� �he ����r���. The �e��� were d�ge��ed ����g �ry����, �he� 
����e��ed ��d w��hed �� FCM b���er. The ����e��ed �e��� 
were re-����e�ded �� FCM w��h b���er. I� �rder �� de�e�� �e�� 
���������, �he �e��� were ����b��ed �� �he d�rk w��h 5 µ� �� 
Annexin V-FITC incubation reagent for 15 min at 4˚C. This 
w�� �����wed by ����b����� w��h 10 µ� �� �r���d��m ��d�de 
(PI)-phycoerythrin (PE) for 5 min at 4˚C. The samples were 
����yzed w��h�� 30 m�� by FCM.

Statistical analysis. D��� �re �re�e��ed �� �he me��� ± SD (�=3). 
Gr���� �� d��� were ��m��red ������������y ����g �he M���-
Wh���ey U �e��. V���e� �� P<0.05 were �����dered �� ��d����e 
statistically significant differences.
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Results

Isolation and culture of nucleus pulposus cells. Pr�m�ry 
����e�� �������� �e��� were �b����ed by �eq�e����� e�zyme 
d�ge����� ��d �����red �� DMEM-F12 10% FBS. T� �de����y 
�he �he���y�e �� ����e�� �������� �e���, �mm����������g w�� 
��ed �� de�e�� �y�e II �����ge� (F�g. 1B). The re����� re�e��ed 
�h�� �he�e �e��� e��re��ed �y�e II �����ge�.

Generation of recombinant adenoviral vector Ad-hIGF-1 
expressing hIGF-1 exogenously. The �de����r�� �e���r 
���������g �he hIGF-1 ge�e w�� ����e������y �����r���ed by 
B��w�� Te�h����g�e� C�., L�d. A b����-�� gree� ����re��e�� 
�r��e�� (GFP) �������ed �� �he Ad-hIGF-1 �de����r�� �e���r 
w�� � ���q�e �e���re �� �he Ad-hIGF-1 �e���r. A� � re���� 
�� GFP e��re�����, we were �b�e �� e��e����e�y �r��k �he 
ge�e e��re����� �� �he �r����e��ed �e���. F�r �he ����r���, we 
���� �����r���ed � re��mb����� �de����r�� �e���r �h�� ���y 
e��re��ed GFP. HEK293 �e��� were �r����e��ed w��h �he ��r�� 
�e���r, Ad-GFP (F�g. 2). The ��r�� �r����e����� e�����e��y 
�������e�y ��rre���ed w��h �he ��r�� ���er (F�g. 2B). Whe� �he 
cells were ~60 to 70% confluent, transfection with Ad-hIGF-1 
�r �he ����r�� �e���r, Ad-GFP, w�� �er��rmed. A� 24 h ����-
transfection, fluorescence was the brightest, as observed under 
a fluorescence microscope; however, this fluorescence weak-
e�ed ���er 48 h ��d d�����e�red ���er 72 h (F�g. 3). We��er� 

b��� ����y��� re�e��ed �h�� IGF-1 �� �he ����e�� �������� w�� 
significantly expressed in the Ad-hIGF-1-transfected group, 
where�� �� e��re����� w�� re��r�ed �� �he TNF-α-treated 
gr��� �r �he ����r�� gr��� (F�g. 4). The re����� �� we��er� b��� 
analysis were confirmed by RT-PCR (Fig. 5).

TNF-α induces the apoptosis of nucleus pulposus cells. 
TUNEL �������g re�e��ed �h�� �he �er�e���ge �� TUNEL-
�������e �e��� w�� �����der�b�y gre��er �� �he TNF-α-�re��ed 
gr��� ��m��red w��h �he ����r��� (F�g. 6A-C). The re����� 

F�g�re 1. E��re����� �� �y�e II �����ge� �� �����red ����e�� �������� �e���. 
(A) C����red �r�m�ry ����e�� �������� �e��� (�100). (B) Ty�e II �����ge� 
(br�w� gr����e�) e��re����� �� �he �y������m �� ����e�� �������� �e��� 
(�200).

Figure 3. Expression of green fluorescent protein (GFP) in nucleus pulposus 
�e��� �r����e��ed by re��mb����� �de����r�� AdIGF-1. (A) GFP e��re����� 24 h 
���er �r����e����� (�100); (B) GFP e��re����� 48 h ���er �r����e����� (�100).

F�g�re 2. E��re����� �� hIGF-1 by HEK293 �e��� ���er �r����e�����. 
(A) E��re����� �� hIGF-1 by HEK293 �e��� �r����e��ed w��h ����m�d (Ad-GFP) 
(gree�). (B) Re����� �r�m RT-PCR ��r IGF-1 ge�e �� 293 �e��� �r����e��ed w��h 
��r���� ����e��r������ �� �de����r�� ��r����e�. L��e M, ��ze m�rker�; ���e 1, 
Ad-hIGF-1 �� 100-���d d�������; ���e 2; Ad-hIGF-1 �� 10-���d d�������; ���e 3, 
w��h��� d�������.

F�g�re 4. De�e����� �� hIGF-1 �r��e�� e��re����� by we��er� b��� ����y���. 
L��e M, �r��e�� m�rker; ���e 1, Ad-hIGF-1 gr���; ���e 2, ��m��r �e�r���� 
�����r (TNF)-α gr���; ���e 3, ����r�� gr���. I� �he TNF-α ��d ����r�� 
gr����, �here w�� �� de�e���b�e hIGF-1 �r��e�� e��re�����.

F�g�re 5. De�e����� �� hIGF-1 mRNA e��re����� by RT-PCR. L��e M, 
�r��e�� ��ze m�rker; ���e 1, Ad-hIGF-1 gr���; ���e 2, ��m��r �e�r���� 
�����r (TNF)-α gr���; ���e 3, ����r�� gr���.
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from TUNEL assay were confirmed by FCM (Fig. 7A-C). 
IGF-1 ����re��ed �he TNF-α-��d��ed ��������� �� ����e�� 
�������� �e���. TUNEL ����y��� ��d����ed �h�� �he TNF-α-
induced apoptosis was significantly suppressed (P<0.01) in the 
Ad-hIGF-1 gr��� (F�g. 6A ��d B). Th�� ��gge��� �h�� hIGF-1 
��h�b��ed �he TNF-α-��d��ed ��������� �� ����e�� �������� 

�e���. The re����� �� FCM re�e��ed �h�� �he �er�e���ge �� 
����e�� �������� �e��� e�h�b����g ��g�� �� e�r�y ���ge� �� ����-
tosis was significantly higher in the TNF-α gr��� ��m��red 
with the controls (P<0.01) (Fig. 7A-C), but was significantly 
��wer �� �he Ad-hIGF-1-�re��ed gr��� ��m��red w��h �he 
TNF-α-�re��ed gr��� (P<0.01) (F�g. 7A ��d B).

F�g�re 6. TdT-med���ed dUTP-b����� ���k e�d-��be���g (TUNEL) ��d����e� �he ��h�b����� �� ��������� �� ����e�� �������� �e��� �����w��g �r����e����� w��h 
Ad-hIGF-1. (A) T�m��r �e�r���� �����r (TNF)-α gr��� �� ����e�� �������� �e���; (B) Ad-hIGF-1 gr���; (C) ����r�� gr���. Fewer TUNEL-��be�ed (���������� 
�e���) were �b�er�ed �����w��g �r����e����� w��h Ad-hIGF-1 (�100). (D) Q����������e ����y��� �� ����e�� �������� �e�� ��������� �� �he ����r��, TNF-α ��d 
Ad-hIGF-1 gr����. C�r�, ����r��. **P<0.01, ***P<0.001.

F�g�re 7. In vitro nucleus pulposus cell death as assessed by propidium iodide (PI) flow cytometry (FCM). Representative flow cytometric analysis for the 
d���r�b����� �� de�d (A��e��� V/PI-�����ed) ����e�� �������� �e���. (A) The ����r�� gr��� �h�wed �� �e�� de��h ��er���. (B) The ��m��r �e�r���� �����r (TNF)-α 
gr��� e�h�b��ed ���re��ed �e�� de��h, �� �h�w� by FCM. (C) Ad-hIGF-1-�r����e��ed �e��� �h�wed red��ed A��e��� V/PI ��be���g whe� ��m��red �� TNF-α 
�re��ed �e���. (D) Q����������e ����y��� �� ����e�� �������� �e��� (TNF-α ��d Ad-hIGF-1 gr����) ��derg���g e�r�y-���ge ��������� ��d �he ����r���. C�r�, 
����r��.**P<0.01, ***P<0.001.
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Discussion

O�er �he ye�r�, � ��mber �� ���d�e� h��e �����ed �� e����d����g 
�he r��e �� �y��k��e� �� �he ���h�ge�e��� �� IDD. IL-1β ��d 
TNF-α are considered principal pro-inflammatory cytokines. 
TNF-α �� ����e�y ��������ed w��h IDD, �� �� ����re��e� m��r�� 
ge�e e��re�����, b�� ���� reg����e� �e��-�e�� ��d �e��-m��r�� 
��mm��������� ��d �e�� gr�w�h �� �he ���er�ebr�� d��� (14). I� 
h�� bee� dem����r��ed �h�� TNF-α ��h�b��� �he e��re����� �� 
�r����g���d��� ��d �y�e II �����ge� by ���re����g �he e��re����� 
�� m��r�� me������r��e����e� (MMP�) ��d � d�����egr�� ��d 
me������r��e����e w��h �hr�mb�����d�� m����� (ADAMTS)-4 
wh��h �re �m��g �he m�j�r �����r� �� IVD dege�er����� (14). 
L��e-���ge d��� dege�er����� �� �h�r���er�zed by � red������ �� 
�he ��mber �� ����e�� �������� �e��� ��d b��h IL-1β ��d TNF-α 
��� ��d��e ����e�� �������� �e�� ��������� (9,15). There��re, 
we hy���he��zed �h�� IL-1β ��d TNF-α ��� ��g���������y 
����r�b��e �� �h�� ����. I� �dd�����, TNF-α ��� ��reg����e IL-1β 
e��re����� ��d m�y be �� �m��r���� ���������g �����r �� m��r�� 
dege�er����� (10).

IGF-1 e��e����e�y ���m����e� �he �r����er����� �� h�m�� 
����e�� �������� �e��� (16). A� re�e���y dem����r��ed, IGF-1 
���m����e� �he �r����er����� �� h�m�� IVD �e��� �hr��gh �he 
MEK/ERK ��d PI-3K/Ak� ���hw�y� (12,18). S��d�e� h��e 
�r��e� �he �m��r����e �� ge�e �her��y �� �he �re��me�� �� d��� 
dege�er�����, ��d �de����r�� �e���r� �re �����dered �� e��e�-
���e ��d re���b�e me�h�d ��r de���er��g e��ge���� ge�e� �� �he 
IVD (19-21).

I� �h�� ���dy, ����e�� �������� �e��� were ����e������y 
�r����e��ed w��h Ad-hIGF-1, ��d b��ed �� �he re����� �� 
RT-PCR ��d we��er� b��� ����y���, we ded��ed �h�� �he �r���-
�e��ed �e��� e��e����e�y e��re��ed hIGF-1. The re����� �r�m 
TUNEL ����y ��d FCM ��d����ed �h�� �he r��e �� ��������� 
w�� ��r������r�y h�gh �� �he ����e�� �������� �e��� �re��ed 
w��h TNF-α compared with the controls. Ad-hIGF-1 signifi-
�����y red��ed ��������� ��d��ed by TNF-α, ��gge����g �h�� 
hIGF-1 re�er�ed �he TNF-α-med���ed ��������� �� ����e�� 
�������� �e��� in vitro. The re����� �r�m FCM ���� ��gge��ed 
�h�� TNF-α ��d��ed b��h �he e�r�y- ��d ���e-���ge ��������� �� 
����e�� �������� �e���. M�re��er, ��������� w�� ����re��ed by 
hIGF-1. T�ke� ��ge�her, �he�e re����� ��d����e �h�� Ad-hIGF-1 
m�y ����r�b��e �� �he de�e���me�� �� �������� ���er�e������ ��r 
d��� dege�er�����. I� �he IVD, �he re�����e�y e���������ed ��d 
��������r e���r��me�� �� �he ����e�� �������� m�y �r�h�b�� 
e�e���ed �mm��e re�����e ��d �����r� �he �r����ged ��d 
e�h���ed e��re����� �� �he IGF-1 ge�e.

In conclusion, the findings of this study illustrate that the 
�de����r�� �e���r, Ad-hIGF-1, ��� ����e������y ���e�� ����e�� 
�������� �e��� in vitro ��d ��� e��e����e�y e�h���e �he e��re�-
���� �� IGF-1. IGF-1 ��� re�er�e �he TNF-α -��d��ed ��������� 
�� ����e�� �������� �e���. D�e �� ���h be�e������ e��e���, 
�r����e����� w��h Ad-hIGF-1 m�y be � �r���e����e �her��e���� 
��r��egy ��d m�y ��d �he de�e���me�� �� ���e� �������� ���er-
�e������ ��r d��� dege�er�����.
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