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Abstract. ����� �������������� 16 ����-16� �� �������� ����-����� �������������� 16 ����-16� �� �������� ����-
c���ed w��h �he de�e����e�� �f 50% �f ce���c�� c��ce��. The E6 
��d E7 ����e��� e�c�ded b� h��h-���k ��� ���e� ��e ����c���ed 
w��h �he �����e e������ �f ce���c�� c��ce� ce���, b�� �he �ech�-
���� �� ������ ��de�����d. The ������e �f �h�� ���d� w�� �� 
���e������e whe�he� ce��� �����fec�ed w��h E6 ��d E7 ex��e����� 
c������c�� �ed�ce �he ex��e����� �f �he ���b���� he�d� �f �he C1q 
�ece���� ��C1qR�, � ����ch��d���� ���f�ce ����e�� ��e�ex��e��ed 
�� ce����� c��ce� ce���. F����, C-33A ce��� we�e ������e���� �����-
fec�ed w��h �he ���-16 E6 ��d E7 ��c��e�e� wh�ch �e����ed �� 
�C1qR ��h�b����� ��d � �ed�c���� �� ���������. Sec��d, �C1qR 
��e�ex��e����� �� ce��� �h�wed �h�� c�����e-3 �c�������� ��d 
����ch��d���� d��f��c���� we�e ������ed �� �C1qR-��d�ced 
���������. Ce��� �����fec�ed w��h � GF�-�C1qR �ec��� �e����ed 
�� ���e�����ed �C1qR ����e�� ��d � ���d��� ��c�e��e �� �he 
�e�e������ �f �e�c���e �x��e� ��ec�e� �ROS�. Add���������, ROS 
�e�e������ ��d ��c�e��ed C�2+ influx in mitochondria resulted 
�� �he ���� �f �he ����ch��d���� ������e�b���e ���e�����. 
I��e�e�������, whe� �C1qR w�� ��e�ex��e��ed �� C-33A ce���, 
apoptosis was significantly inhibited when cells were treated 
w��h �e�f�����, wh�ch ��� ����ec� ����ch��d���� f��c����. 
The�e d��� ����e�� �h�� �C1qR c���d ���� �� ��������� ���e �� 
���-16-��d�ced ce���c�� c��ce� �����e e������ de�e�d��� 
�� ��� �e�e� �f ex��e����� ��d ��bce������ ��c���������. 

Introduction

���h ���k h���� �������������� 16 ����-16� �� �h���h� �� be 
�e������b�e f�� ��e� 500,000 ��������c�e� �e� �e��, ��c��d��� 

c��c������ �f �he ������, ����, �����, �e��� ��d ����h����x 
�1,2�. M��e��e�, ���-16 h�� ��w bee� �������� ����c���ed w��h 
�he de�e����e�� �f >50% �f ce���c�� c��c����� c��e� �3�. The 
E6 ��d E7 ����e��� e�c�ded b� ���-16 h��e bee� ����c���ed 
w��h �he ce������ ������ �e�e, wh�ch h�� bee� ����e��ed �� �� 
�����e e������ �ech����� �4,5�.

M��� �f �he ��� ��fec����� ��e e�������ed �h����h �����e 
�e�����e�. M��e��e�, ���� � �e�ce����e �f �he ���-��fec�ed 
w��e� �h�w �e�����e�� ��fec���� �h�� �e�d� �� ��������� d��e��e 
�6,7�. ��� d������� �e�e��� �ech������ f�� e��d��� �he h���'� 
�����e ����e� ��c��d���, b�� ��� �����ed ��, �����e���ce �f 
��w ����e�� �e�e�� �� �he ce��, ch���e� �f ����� ����e�� ex��e�-
���� ��d ��h�b����� �f h���'� �����e �e�����e� �8,9�.

The c����e�e�� ����e� h�� bee� ch���c�e���ed ex�e�-
���e��, b��h b��che��c���� ��d f��c��������. The �ece���� f�� 
�he ���b���� he�d� �f C1q, �C1qR, �� � �b�q������ ��d h��h�� 
anionic cellular protein of 33 kDa that was initially identified 
�� � ����e�� �f �he ����ch��d���� �����x �10�. E��de�ce �h�� 
�C1qR ��d�ced T-ce�� d��f��c���� ������e� �he ��d�c���� �f 
�����e���� �f c���k��e ��������� �SOCS�, � ��we�f�� ��h�b���� 
�f c���k��e ���������, wh�ch �e��e�e��� � ���e� �ech����� 
�11�. I�deed, �he �C1qR �ed���e� ���� b������c �e�����e�, 
��c��d��� ��f���������, ��fec���� ��d �����e �e�������� 
�12�. Ex����e� �f ��ch �e�����e� ��c��de �h���c������ ��d �he 
����ke �f ��������c ce��� �13�. I� �he ��e�e�� ���d�, we �����de 
e��de�ce �h�� �he �C1qR �� E6 ��d E7 ����e��� e�c�ded b� 
���-16 ���� �� ��������� ���e �� ce���c�� c��c����� ce��� 
e��d��� �he h���'� �����e ����e�.

Materials and methods

Reagents. The C-33A ce���c�� c��ce� ce�� ���e� we�e �b����ed 
f��� B���e� Tech������ �W�h��, Ch����. L���fec�����e 2000 
w�� ���ch��ed f��� I�������e� �C����b�d, CA�. �������d��e 
d��h��c��b����e ��DTC� ��d e�h��e�e���c���e����ce��c �c�d 
�EGTA� we�e �b����ed f��� S����-A�d��ch �S�. L����, MO�. A 
�h������e-�R� We��e�� b��� de�ec���� ����e�, ��c��d��� ����-
����e I�G, �R�-���ked ����b�d�, b���������ed ����e�� ��dde�, 
20X L���GLO �e��e�� ��d 20X �e��x�de, w�� ���ch��ed f��� 
Ce�� S�������� Tech������ �Be�e���, MA, USA�. �2DCFDA 
was obtained from Molecular Probes. Propidium iodide flow 
c����e��� ����� k�� w�� ���ch��ed f��� I�������e�. A���b�d�e� 
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d��ec�ed ��w��d �C1qR, c�����e-3, ���c�����e-3, c���ex��, 
histone H1, mtSSB and COXⅡ were products of Santa Cruz 
�S���� C��z, CA, USA� ��d Ce�� S�������� Tech������. Ce�� 
c�����e ������e� we�e ���ch��ed f��� L�fe Tech������e� 
�G���he��b���, MD�. U��e�� ��he�w��e ��ec�f�ed, ��� ��he� 
�e��e��� we�e �f �������c�� ���de. 

The C-33A cell line culture and DNA transfection. C-33A ce��� 
were cultured in Dulbecco's modified Eagle's medium/Ham's 
F-12 �ed��� c��������� 10% f�e��� b����e �e��� ��d 5 µ�/�� 
insulin in a 37˚C incubator with 5% CO2. C����e�e����� 
DNA �cDNA� �� �C1qR w�� c������c�ed �� f���e w��h�� �he 
Bam�I/EcoRI ���e� �f �he �EGF�-C1 �ec��� �BD B���c�e�ce��. 
The�, �he GF�-�C1qR �ec��� w�� �����fec�ed ���� C-33A ce���. 
Acc��d��� �� �he �e�d��'� �����c��, 500 ���� �f GF�-�C1qR 
�ec��� ��d L���fec�����e 2000 �10 µ�� we�e d����ed �� 750 µ� 
�f O���MEM �� ��e we�� �L�fe Tech������e�, USA�. Af�e� 
preincubation for 45 min at 37˚C, both solutions were mixed 
��d ��c�b��ed f�� �� �dd������� 15 ��� �� ���� �e��e�����e. 
The L���fec�����e 2000/GF�-�C1qR �ec��� ��x���e w�� 
��b�eq�e���� ��e����d ���� �he ce��� ��d ��c�b��ed f�� 2 h. 
F������, 1 �� �f ���w�h �ed��� �20% FCS� �e� we�� w�� 
�dded f�� f���he� c���������� �f �he ce���.

Western blot analysis. The C-33A ce��� we�e c���ec�ed ��d ���ced 
in sample buffer after specific treatments, and then these cells 
we�e ��c�b��ed �� ����� b�ffe� c��������� �150 �M N�C�, 1 �M 
N�3�O4, 50 �M N�F, 1% T����� X-100, 1 �M EDTA, 1 �M 
�MSF, 10% ���ce���, 20 �M T���-�C� �� 7.5� ��d ����e��e 
��h�b���� ��x���e� f�� 30 ��� �� �ce. The ���e�������� we�e 
collected by centrifugation at 13,000 x g at 4˚C for 15 min. 
A� eq��� ������ �f ����e�� w�� �e�����ed b� SDS-�AGE 
�� � 10-15% �����c������de �e� ��d �he� �����fe��ed ���� � 
��DF �e�b���e. The �����fe��ed �e�b���e� we�e b��cked 
f�� 1 h �� 5% ���-f�� ���k �� �BST ��BS c��������� 0.05% 
Twee�-20� ��d ��c�b��ed w��h ����������e ������� ����b�d�e� 
��d h���e��d��h �e��x�d��e-c��j����ed �ec��d��� ����b�d�e�. 
The ����e�� b��d� we�e ��������ed ����� �he e�h��ced che��-
�����e�ce�ce �ECL� We��e�� de�ec���� ����e�. 

Assay of intracellular ROS in C-33A Cells. C-33A ce��� we�e 
��c�b��ed w��h �2DCFDA �10 µM� ��de� ������� c��d������ 
f�� 10 ��� �� �he d��k ��d ���ed w��h RI�A b�ffe� �� �ce-c��d 
conditions (14). Assays were detected by fluorescence micro-
�c��� �� �� exc������� w��e�e���h �f 488 �� ��d e������� �� 
530 nm. A spectrofluorometer with a slit width of 5 nm was 
��ed �� q�����f� �he f����e�ce�ce �� �he ���e�������. The 
ex�e���e��� we�e �e�e��ed �� �e��� �e� ���e�. Re����� we�e 
shown as increase in fluorescence intensity with respect to 
normoxic untreated control by subtracting basal fluorescence.

Measurement of intracellular Ca2+ concentration ([Ca2+]i). 
F����e�ce�ce w��h F���-4 AM w�� ��ed �� q�����f� �he �����-
ce������ C�2+ �e�e��. C-33A ce��� we�e ��e��ed w��h ������� 
c��d������ f�� ��d�c��ed ���e� ��d �he� w��hed w��h �ce-c��d 
�BS. The ce��� we�e �e����e�ded �� 1 �� �f �BS ��d ��c�b��ed 
with 5 ml of Fluo-4 AM 1 mM for 1 h. The fluorescence inten-
���� �f �����ce������ C�2+ c��ce�������� w�� de�ec�ed b� Beck��� 
C����e� ����d���™ de�ec���� ����f��� �� �� exc������� w��e-
�e���h �f 485 �� ��d �� e������� w��e�e���h �� 530 ��. 

F������e���c �e����e�e��� we�e �e�f���ed �� �e� d�ffe�e�� 
sets and expressed as the fold increase in fluorescence per 
��c������ �f ����e�� c�����ed w��h �he c������ �����.

Measurement of mitochondrial membrane potential (Δψm). 
JC-1 is a cationic mitochondria-specific fluorescent dye, which 
w�� ��ed �� de�ec� �he ���� �f ����ch��d���� �e�b���e ���e�-
tial (Δψ�� �15�. A� �� exc������� w��e�e���h �f 485 �� ��d 
e������� �� 530 ��, �he d�e �cc������e� �� ����ch��d��� w��h 
increasing Δψ� �� �����e��c c��d������. C-33A ce��� �h�� h�d 
��de����e ������� ��e���e��� �f�e� 60 h �f ���w�h we�e w��hed 
with serum-free medium and incubated with 10 µM JC-1 at 37˚C. 
The�, C-33A ce��� we�e �e����e�ded w��h �ed��� c��������� 
10% �e��� ��d �e����ed �� �he �w� d�ffe�e�� w��e�e���h�. The 
d��� ��e �e��e�e������e �f �e� ��d���d��� ex�e���e���.

Detection of apoptotic cells. �����d��� ��d�de �������� w�� 
������ed �� de�ec� ��������c C-33A ce���. Af�e� d�ffe�e�� ��e���e��� 
�� ��d�c��ed ���e�, C-33A ce��� we�e w��hed ��d �e����e�ded 
w��h b��d��� b�ffe� �2.5 �M C�C�2, 10 �M �E�ES �� 7.4, ��d 
140 �M N�C�� bef��e be��� �����fe��ed �� � 5-�� ��be. The 
ce��� we�e ��c�b��ed �� �he d��k w��h �����d��� ��d�de f�� 
15 ���. B��d��� b�ffe� w�� �he� �dded �� e�ch ��be, ��d �he 
samples were analysed by a Beckman Coulter Epics XL flow 
c����e�e�.

Statistical analysis. M��� �e����� ��e ��e�e��ed �� �e��� ± SD. 
Differences between various data sets were tested for significance 
using Student's t-test, and p<0.05 was considered significant 
�*�<0.01; **�<0.01; #�>0.05�.

Results

The expression and subcellular localisation of gC1qR protein 
induced by HPV-16-transfected C-33A cells. T� ex����e �he ���e 
�f �C1qR �� ���-16-�����fec�ed C-33A ce�� ��������, we h��e 
e���b���hed � ce�� c�����e ����e� b��ed �� �he ex��e����� �f E6 
��d E7 f��� ���-16. I� �h�� ex�e���e��, �he �C1qR ����e�� 
�e�e� w�� ���e��ed �� C-33A ce��� �����fec�ed w��h �� w��h��� 
���-16 E6 ��d E7 ��c��e�e�. The ex��e����� �f �C1qR ����e�� 
w�� �e����ed b� ����� We��e�� b������� �F��. 1A�. We��e�� 
b��� �������� �e����� �h�wed �h�� �he ex��e����� �f �C1qR 
protein was significantly decreased in C-33A cells treated with 
���-16 E6 ��d E7 whe� c�����ed w��h c������� �C-33A ce��� 
�����fec�ed w��h��� ���-16 E6 ��d E7 ��c��e�e��. 

The ��bce������ ��c��������� �f �C1qR w�� ex����ed b� 
We��e�� b�������. C���ex��, h�����e �1 ��d ��SSB we�e ��ed 
�� ���ke�� f�� e�d�������c �e��c����, ��c�e� ��d ����ch��-
d���, �e��ec���e��. A� �h�w� �� F��. 1B, �he ex��e����� �f �C1qR 
����e�� w�� ��c����ed �� �he ����ch��d���� f��c����. 

Accumulated gC1qR induces the apoptotic death of C-33A cells. 
T� de�e����e �f �cc������ed �C1qR c���d �����e� �he ��������c 
���hw��, �he ��������c de��h �f C-33A ce��� w�� ���e��ed �� �h�� 
ex�e���e��. Af�e� �he ��e���e�� w��h GF�-�C1qR �ec��� f�� 
72 h, C-33A cells were subjected to flow cytometric analysis. 
F��. 2 �h�w� �h�� �cc������ed �C1qR ��c�e��ed �he ���be� �f 
C-33A ce��� �� �he ��bG1 �e���� �� ��� + GF�-�C1qR �ec��� 
����� ��d GF�-�C1qR �ec��� �����. ��we�e�, �he ���be� �f 
��bG1 ce��� �� ��� E6- ��d E7-�����fec�ed C-33A ce��� �h�wed 
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� ����h� dec�e��e whe� c�����ed w��h C-33A ce��� �����fec�ed 
w��h��� ��� E6 ��d E7 ��c��e�e�. Add���������, we e������ed 
�he �c�������� �f c�����e-3. The ��e�e�ce �f �he c�����e-3 f���-
�e�� w�� ex����ed �� C-33A ce��� b� ��e����� ce��� w��h ���, 
��� + GF�-�C1qR �ec���, ��� + e���� �ec���, GF�-�C1qR 
�ec��� ��d ����� �ed���. Ce��� we�e ���ed ��d ex����ed f�� 
�he ���c�����e-3 ��d �he �c���e f��� f����e�� b� We��e�� 
b�������. A� �h�w� �� F��. 2B, �he ex��e����� �f ���c�����e-3 
dec�e��ed ��d �he �c���e f��� �f c�����e-3 �����f�c����� 
��c�e��ed �� �he GF�-�C1qR �ec��� ����� whe� c�����ed 
w��h �he ��� + GF�-�C1qR �ec��� �����. Add���������, �� 
��� + GF�-�C1qR �ec��� �����, �he ex��e����� �f ���c��-
���e-3 dec�e��ed ��d �he �c���e f��� �f c�����e-3 ��c�e��ed 
whe� c�����ed w��h ��� + e���� �ec��� �����. 

The effect of gC1qR on ROS generation and [Ca2+]i concentra-
tion in C-33A cells. I� ��b�eq�e�� ex�e���e���, ROS ���d�c���� 
was quantified in GFP-gC1qR vector-mediated gC1qR overex-
��e����� ce��� ��d �h�w� �� be ��c�e��ed c�����ed �� c�������. 
Af�e� ��e���e�� w��h ���, ��� + GF�-�C1qR �ec���, ��� + 
e���� �ec���, GF�-�C1qR �ec��� �� ����� �ed��� f�� �he ��d�-
c��ed ���e �e���d�, ROS �e�e������ w�� de�e����ed b� 
�2DCFDA f����e�ce�ce ��d q�����f�ed b� f��w c����e���c 
��������. The d��� �h�w �h�� ROS �e�e������ �e�ched �he 
��x���� �e�e� �� 60 h �f�e� �he ������� ������������. ROS �e�e�� 
�� �he GF�-�C1qR �ec��� ����� we�e ��c�e��ed b� ~1.7-f��d 
c�����ed �� ��� + GF�-�C1qR �ec���-��e��ed C-33A ce��� 
�F��. 3A�. C�������c C�2+ was determined using a fluorescent 
ELISA �e�de� ��d �e�e��ed � ����b�e e�e������ �� 72 h �f�e� �he 
������� ������������ �F��. 3B�. A� �h�� ���e �e���d, �he [C�2+]� 
c��ce�������� �f �he GF�-�C1qR �ec��� ����� w�� 2.1-f��d 
�h�� �f ��� + GF�-�C1qR �ec���-��e��ed C-33A ce���. The 
��� + GF�-�C1qR �ec��� ����� w�� ��c�e��ed b� 2.7-f��d 
��e� �h�� �f ��� + e���� �ec���-��e��ed C-33A ce��� 
�F��. 3C�. 

T� ���e������e whe�he� �he effec� �f �C1qR �� �����ce������ 
C�2+ influx and ROS generation was interlinked, GFP-gC1qR 

�ec���-�ed���ed �C1qR ��e�ex��e����� ce��� we�e ��e��ed 
e��he� w��h �he �����x�d���, �DTC �25 µM�, �� w��h EGTA, 
� C�2+ ��� che����� �30 µM�. A� �h�w� �� F��. 3D, �he�e w�� 
� 3-5-f��d dec�e��e �� ROS �e�e������ �� ��e�e�ce �f �����x�-
d��� �� C�2+ ��� che�����. F���he����e, �he �����ce������ C�2+ 
levels significantly diminished after treatment with PDTC and 
EGTA �F��. 3E�. The d��� ��d�c��e �h�� b��ck��� �he exce�� 
ROS �e�e������ b� �DTC d������hed �he �����ce������ C�2+ 
�cc���������. S������ �e����� we�e ���� de��������ed w��h �he 
��h�b����� �f C�2+ �cc��������� b� EGTA. T��e-de�e�de�� 
changes in relative Δψ� ����e� �� �C1qR ��e�ex��e����� 
C-33A ce��� we�e ex����ed. We ��ed �he JC-1 d�e �� ������� 
Δψm estimated as the 590:527 nm emission ratio at a specific 
time period from 0 to 72 h of growth. The value of Δψ� �� 
�he GF�-�C1qR �ec��� ����e ��e���e�� ����� �e����ed �� � ���� 
�f ~43% �� c�����ed �� ��� + GF�-�C1qR �ec��� ����� �� 
72 h. The ��� + GF�-�C1qR �ec��� ����� �h�wed � 56% 
decrease in relative Δψ�, �� c�����ed w��h �he ��� + e���� 
vector group. There was an apparent increase in Δψ� �� 
C-33A ce��� ex���ed �� ��� ����e f�� 72 h whe� c�����ed �� 
����� �ed��� �f�e� �he ������� ������������ �F��. 3F�.

Loss in respiratory chain complex II protein synthesis in C-33A 
cells. Next, we verified the effects of gC1qR on the inhibition 
�f �e��������� ch��� c����ex II ����e�� ����he��� �� GF�-�C1qR 
�ec��� ��e��ed ce���. C-33A ce��� we�e �����fec�ed w��h GF�- 
�C1qR �ec��� ��d h���e��ed e�e�� 24 f�� 96 h. �C1qR ��c�e��ed 
�f�e� �he GF�-�C1qR �ec��� �����fec����, whe�e�� ��SSB w�� 
not altered for up to 96 h. This finding suggests that the expres-
���� �f ��SSB ��� be ���e������ c�������ed �� �he ����ch��d���. 
C������e�� w��h �he ������ dec�e��e �� COX II ex��e�����, �he 
COX II ����e�� �e�e� w�� dec�e��ed �� 24 h �f�e� �he GF�-�C1qR 
�ec��� �����fec���� �F��. 4�.

Protection of mitochondrial function reverses the gC1qR-
induced C-33A cells apoptosis. Me�f����� c�� ������e 
����ch��d���� b������he���. The�ef��e, �� e������e whe�he� 

F����e 1. The ex��e����� �f �C1qR ����e�� �� C-33A ce���. �A� I� �h�� ex�e���e��, �he �C1qR ����e�� �e�e�� we�e ���e��ed �� C-33A ce��� �����fec�ed w��h �� 
w��h��� ���-16 E6 ��d E7 ��c��e�e�. The ex��e����� �f �C1qR ����e�� w�� �e����ed b� We��e�� b��� ��������. The ����h �h�wed �he �e�����e �C1qR ����e�� 
�e�e�� ��������ed �� β-�c���. Re����� ��e �h�w� �� �he �e�� ± SD �f �h�ee ��de�e�de�� ex�e���e��� ��=3�. �B� I� �h�� ex�e���e��, �he �����ce������ ��c��������� 
�f �C1qR w�� de�ec�ed b� ce������ f��c���������. The C-33A ce��� we�e �e�����ed ���� e�d�������c �e��c���� �ER�, ��c�e� �N�� ��d ����ch��d���� �M�� f��c-
�����. C���ex��, h�����e �1 ��d ��SSB we�e de�ec�ed b� ������b������� �� ���ke�� f�� e�d�������c �e��c����, ��c�e� ��d ����ch��d���, �e��ec���e��. The 
ex��e����� �f �C1qR ����e�� w�� de�ec�ed �� e�d�������c �e��c���� �ER�, ��c�e� �N�� ��d ����ch��d��� �M�� �� C-33A ce���. 
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�he ����ec���� �f ����ch��d���� f��c���� c���d �e�e��e �he 
�C1qR-��d�ced C-33A ce�� ���������, C-33A ce��� we�e 
��e��ed w��h ��� + GF�-�C1qR �ec���, ��� + e���� �ec��� 
��d �e�f����� + ��� + GF�-�C1qR �ec��� f�� �he ��d�c��ed 
���e �e���d�. F��. 5A �h�w� �h�� �he ��� + GF�-�C1qR 
�ec��� �e����ed �� �� ��c�e��e �� �he ���be� �f ce��� �� �he 

��bG1 �e���� whe� c�����ed w��h ��� + e���� �ec��� �� 
�he C-33A ce�� ���e. ��we�e�, �he ���be� �f ��bG1 ce��� �� 
C-33A ce��� �h�wed �� �����e�� dec�e��e whe� ��e��ed w��h 
�e�f����� + ��� + GF�-�C1qR �ec���. Nex�, we e������ed �he 
�c�������� �f c�����e-3. The ��e�e�ce �f �he c�����e-3 f����e�� 
w�� ex����ed �� C-33A ce��� b� ��e����� ce��� w��h �he ��� 

F����e 2. The ��������c de��h �f C-33A ce���. �A� I� �h�� ex�e���e��, C-33A ce��� we�e �����fec�ed w��h �� w��h��� ���-16 E6 ��d E7 ��c��e�e� f�� 7 d���. 
After 72 h of transfection, cells were subjected to flow cytometric analysis to detect apoptotic death. (B) Cell were lysed and examined for the procaspase-3 
��d �he �c���e f��� f����e�� b� We��e�� b��� ��������. The ����h �h�w��� �he �e�����e ���c�����e-3 ��d �c���e f��� ����e�� �e�e�� ��������ed �� β-�c���. D��� 
��e ex��e��ed �� �he �e�� ± SD �f �h�ee ��de�e�de�� ex�e���e���. **The difference is highly significant; in both cases, the p-value was <0.01.



INTERNATIONAL JOURNAL OF ONCOLOGY  39:  1265-1272,  2011 1269

Figure 3. The biological change of mitochondria in C-33A cells. (A) ROS generation was quantified by the fluorescence of H2DCFDA f�� 30 ��� ��d ��bjec�ed 
to flow cytometric analysis. The data represent the mean ± SD. These data are representative of three independent experiments. (B) Constitutive expression of 
gC1qR induced the cellular calcium ion influx in C-33A cells (C-33A cells transfected with or without HPV16 E6 and E7 oncogenes for 7 days). Quantitative 
e��������� �f �����ce������ C�2+ was monitored using the fluorescence probe, fluo-4 AM, in five cell lines at different time points from 0 to 72 h. All data 
are representative of five independent experiments in which the data were calculated by averaging the value as the mean ± SD. (C) The elevated levels of 
����ch��d���� C�2+ in GFP-gC1qR vector cell line was measured by fluo-4 AM fluorescence with respect to the parent cell line. (D) Oxidant generation at 60 h of 
���w�h w�� de�ec�ed b� �2DCFDA fluorescence in GFP-gC1qR vector cell line, with or without treatment with PDTC (an antioxidant) and EGTA (a Ca2+ che������. 
**�<0.01 ��e� � �-�e��. �E� I� �he GF�-�C1qR �ec��� ce�� ���e, �����ce������ C�2+ �e�e�� �� 60 h �f ���w�h we�e de�ec�ed �� �he ��e�e�ce �� �b�e�ce �f �DTC 
��� �����x�d���� ��d EGTA �� C�2+ chelator) by fluo-4 AM, respectively. In both cases, the p-value was <0.001. (F) The mitochondrial membrane potential was 
observed. Time-dependent changes in the relative Δψm value were observed, as detected by fluorescence of JC-1 (590:527 nm). These data are representative 
�f �h�ee �e�����e ex�e���e���.
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+ GF�-�C1qR �ec���, ��� + e���� �ec��� �� �e�f����� + 
��� + GF�-�C1qR �ec��� f�� �he ��d�c��ed ���e�. A� �h�w� 
�� F��. 5B, �he ��e�e�ce �f ���c�����e-3 dec�e��ed ��d �he 
active form of caspase-3 significantly increased in HPV + 
GF�-�C1qR �ec��� whe� c�����ed w��h ��� + e���� �ec��� 
��e��ed ce���. I� �he �e�f����� + ��� + GF�-�C1qR �ec��� 
�����, �he �e�e�� �f ���c�����e-3 ��d c�����e-3 �h�wed �� 
�����e�� ch���e whe� c�����ed w��h �he ��� + e���� �ec��� 
�����. 

Discussion

The c�����c��ed b����ce be�wee� ce�� �����fe������ ��d d�ffe�-
e�������� �� c��c��� f�� ����������� h��e������� ��d ������ 
de�e����e�� w��h�� �he ce��, ��d d��������� �f e��he� �f �he�e 
���ce��e� ��� �e���� �� ��c��e�e��� �16�. ���� ��e ����� 
DNA ������ �����e� �h�� ��fec�, �e����� �� ��d c���e �����fe��-
���e �e����� �� �he e���he���� ce��� �f �he �k��, ec��de��-de���ed 
��c���e ��d �he�� �d�ex� �17,18�. ���-16 E6/E7 ��c�����e��� 
h��e bee� de��������ed �� c���e ��������������� �f ������� 
h���� ke������c��e� ��d ��e ex��e��ed �� ��������� c��ce�� 
�19,20�. M��� ���d�e� h��e ��e������� �e����ed �he �b����� �f 
�he ���-16 E6/E7 ��c�����e��� �� d������ �he ������ ���ce�� 
�f d�ffe�e�������� �f h���� f��e�k�� ke������c��e� �21� b� 
����e���� ke� ������ �����e�����, ��ch �� �53 �5� ��d �Rb �2�, 
�e������� �� ��c�e��ed �e�e�� �f ce�� �������� ����e���, ��ch 
�� Ak� �22�, ��d d��������� �f �he ce�� c�c�e �23�. M��e��e�, 
���-16 E6/E7 ��c�����e��� �c�ed ��� ����ch��d����-
de�e�de�� ���hw��� �� c������ ce������ ��������� ��d f��e 
�24�. A���� ����ch��d���� �����x ����e���, �C1qR h�� bee� 
de�c��bed �� c���������� d��e��e ce������ ���ce��e�, ��ch �� 

ce�� ���w�h, d�ffe�e�������� ��d ��������� �25�. The ��e�e�� 
���d� h�� �����ded �� e��e����� f���ew��k f�� ���e����� �he 
���e �f �C1qR ����e�� �� ��� 16-�����fec�ed C-33A ce�� 
��������. ���-16 E6/E7 ��c�����e�� �����e����� �� ���-
specific; therefore, the expression of gC1qR is not completely 
�����e��ed b� �he ���-16 E6/E7 ��c��e�e�. ��we�e�, ��� 

F����e 4. Red�c���� �� �e��������� ch��� c����ex II �� C-33A ce���. The 
activity of respiratory chain complex II was deficient in gC1qR overexpressed 
ce�� ���e. C-33A ce��� we�e �����fec�ed w��h GF�-�C1qR �ec��� ��d h���e��ed 
e�e�� 24 h. The ce��� we�e ���ed �he� ��bjec� �� ������b������� w��h ����-
�C1qR, COX II ��d ��SSB ����b�d�e�. The ex��e����� �f ��SSB w�� ��ed �� 
�� ���e���� c������ �� ����ch��d���.

  B

  A

F����e 5. The ��������c de��h �f C-33A ce���. �A� C-33A ce��� we�e �����-
fec�ed w��h ���-16 E6 ��d E7 ��c��e�e� f�� 7 d���. A� 72 h ����-�����fec���� 
w��h �he GF�-�C1qR �ec���, ce��� we�e ��������ed w��h �e�f�����. Af�e� 
incubation for 30 min, the apoptotic death of C-33A cells was assessed by flow 
c����e���c �������� �� de�ec� �he ��bG1 ����������. �B� The effec� �f �C1qR 
�� c�����e-3 �c�������� �� C-33A ce���. Ce�� we�e ���ed ��d ex����ed f�� �he 
���c�����e-3 ��d �c���e f��� f����e�� b� ������b�������. The ����h �h�w� 
�he �e�����e ���c�����e-3 ��d �c���e f��� ����e�� �e�e�� ��������ed �� β-�c���. 
D��� ��e ex��e��ed �� �he �e�� ± SD �f �h�ee ��de�e�de�� ex�e���e���. 
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study noted that the expression of gC1qR was mostly confined 
�� ����ch��d���.

The �C1qR �� � �����-c�������e���� ��d �����-f��c������ 
ce������ ����e�� ex��e��ed �� � w�de ����e �f �����e� ��d ce�� 
���e�, ��c��d��� ����h�c��e�, e�d��he���� ce���, de�d����c ce��� 
��d ����e�e�� �26,27�. O�� d��� de��������e �h�� �����fec���� 
C-33A ce��� w��h ���-16 E6 ��d E7 ��c��e�e� ��h�b��ed ex��e�-
���� �f �C1qR. Add���������, �C1qR ��� ��� ���� be ������ed �� 
�he �e�������� �f �����e �������� ��d �d�����e �������� �28�, 
b�� ���� �� �� �he ��de������ ���ec���� �ech������, e��ec����� �� 
����� ��fec����. X� et al �29� �����ded e��de�ce �h�� �����e� ��e 
�he �C1qR h��� ����e�� �� ��h�b�� h��� ��������� �e�����e� ��d 
������e ����� �����fe������ b� �c�������� � �����e����e ���hw�� 
�� �e�����e�� �e�����e ��������� ����������. I� �he ��e�e�� ���d�, 
we �e���� �h�� �C1qR �� � �h��������c�� ��h�b���� �� ���-16-
��d�ced C-33A ce�� ��������. A ���e f�� �C1qR �� ���-16 E6 
��d E7 ��c��e�e�-�ed���ed ��������� w�� de��������ed �� 
well. As shown in Fig. 2A, the flow cytometry analysis revealed 
�h�� �he ���be� �f ce��� �� �he ��bG1 �e���� ��c�e��ed �f�e� 
��e���e�� w��h �he GF�-�C1qR �ec���. U�de� �h�� c��d�����, 
�C1qR ��e�-ex��e����� �e���k�b�� ��c�e��ed �he ���be� �f 
��bG1 ce���. The ��h�b����� �f C-33A ce�� ���w�h w�� f���he� 
ch���c�e���ed b� ex������� c�����e-3 ex��e�����. The�e d��� 
��d�c��e �h�� f�� �����e e������, ���-16 E6 ��d E7 ��c��e�e� 
���h� ��h�b�� �C1qR ����e�� ex��e����� �� C-33A ce��� �h����h 
w��h �he ������e�e�� �f ����ch��d���� d��f��c����. 

I�c�e����� e��de�ce ����e��� �h�� ����ch��d���� d��f��c-
���� �� ���ked �� ��������� �������ed b� c�����x�c f�c���, ��ch �� 
ROS, wh�ch ��e �e�e���ed �� exce�� �� defec���e ����ch��d���. 
O�� ���d� de��������ed �h�� �he �e�e������ �f ROS, wh�ch 
�e�d� �� ����ch��d���� d��f��c����, �e����ed �� ��������� �� 
GF�-�C1qR-��e��ed C-33A ce��� ex��e����� �C1qR, � ���q�e 
����� �c�d h������e, f����w��� ��� �cc��������� �� �he ����-
ch��d���. Ox�d��� �e�e������ c���e���ed w��h �����ce������ 
C�2+ �cc���������. Th��, �he c����������� �f ROS �e�e������ 
�� �C1qR ��e�ex��e��ed ce��� w�� ����c���ed w��h �����ce������ 
C�2+ �cc���������, wh�ch ��� �e�d �� ����ch��d���� d��f��c-
����. I�deed, � ���e������c ���e��c���� w�� �h�w� �� �����ce������ 
C�2+ influx and ROS generation. It was expected that interfer-
e�ce w��h e�ec���� ��������� b� ROS ��d �����ce������ C�2+ 
would influence mitochondrial membrane potential. Loss in 
Δψ� ���� �cc���ed �� GF�-�C1qR-��e��ed C-33A ce���. The�e 
�b�e�������� �f �C1qR ����e�� ��� ��e�e�� �b�e�������� �h�� 
����ch��d���� C�2+ ��e����d �cc��� �� �C1qR ��e�ex��e����� 
ce���, ����e����� ��� ���e �� ����ch��d����-de�e�de�� ���������. 
Th�� �b�e������� w�� ���� �������ed b� �he ��e���e�� w��h 
�e�f����� bec���e �e�f����� c�� ������e ����ch��d���� 
biosynthesis (30). These findings indicate that promoting the 
����ch��d���� b������he��� ��� �e�e��e �he �C1qR-��d�ced 
C-33A ce�� ���������. 

In summary, the present work demonstrates, for the first 
���e, ��������� f��d���� �e���ed �� ���-16 ��fec����. F����, 
���-16 ��d�ce� C-33A ce�� �����e e������ ��� �����e����� 
�C1qR ex��e�����. Sec��d, ��� d��� de��������e �h�� �C1qR-
��d�ced C-33A ce�� de��h �� ����ch��d����-de�e�de�� ���������. 
O�e�ex��e����� �f �C1qR ���e����e� �he ���-16 effec� �� 
C-33A ��������, ����e����� �h�� �C1qR ����� �� ��������� 
���e �� c���������� ���-16-�����fec�ed ce���c�� c��ce� �����e 
e������. ��������� �f �C1qR �������c����� �� ����ch��d��� 
c���d be � �he���e���c ������ch �� e�h��ce �he ��������� 

�e�����e �f �he h��� ��d ��� be �� ���e������e �e��� �� ��e�� 
����� ��d ����c���ed d��e��e�.
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