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SUMMARY AND CONCLUSION 

Infection with Hepatitis C Virus (HCV) is a major risk factor for the development of 

HCC. Despite the fact that HCV is a RNA virus without a DNA intermediate, recent 

studies demonstrate that HCV viral proteins may actively participate in epigenetic 

regulation of hepatic cancer stem cell phenotypes and induce HCC-specific epigenetic 

changes. Identification of host epigenetic alterations induced by HCV infection and 

epigenetic differences between hepatic cancer stem cells and the bulk non-tumorigenic 

cancer cells, may yield potential biomarkers for early detection, as well as therapeutic 

targets for HCV associated HCC.
  

Distinct epigenetic marks decide which sets of genes may be expressed and which 

genes are kept silent.
 
Epigenetic marks can be grouped into four main categories: DNA 

methylation, histone modifications, chromatin remodeling and non coding RNA. 

Cancer is caused by failure of checks and balances that control cell numbers in 

response to the needs of the whole organism. Inappropriate function of genes that promote 

or inhibit cell growth or survival can be caused by errors introduced into the genetic code 

itself or by faulty epigenetic mechanisms deciding which genes can and cannot be 

expressed.  

DNA methylation patterns undergo complex changes in cancer. The total amount of 

methylated cytosine is usually decreased resulting in global hypomethylation. Besides 

global hypomethylation, most cancers also show focal hypermethylation in distinct subsets 

of promoter-associated CpG islands. Affected genes are permanently silenced, Methylation 

affects individual cancer patients with varying extent. While some patients have minimal 

changes, others show concordant hypermethylation of multiple genes. Epigenetic DNA 

methylation changes in cancer appear to be considerably more frequent events than genetic 

mutations. Epigenetic alterations are easier to reverse than mutations affecting the genetic 

code. 

One short-term goal of diagnostic technologies is to reduce invasiveness and refine 

disease-forecasting. If specific epigenetic markers can be established for a specific disease, 

it will be feasible to use blood samples to analyze epigenetic signatures. The analysis of 

methylation in plasma or whole blood DNA could allow identifying aberrant methylation 

patterns before the onset of the symptoms.Since the disclosure of epigenetic regulation in 

key genes, many studies have shown the clinical efficacy of measuring promoter 

hypermethylation in various specimens such as tumor tissue, feces, and urine for 

determining the diagnosis and prognosis of cancer patients.Most studies have reported 

positive results Unlike mutations , DNA methylation usually occurs at a fixed location in 

the promoter region of the gene , facilitating development of suitable assays .In 

addition,DNA methylation changes can be detected noninvasively in blood or other body 

fluids, making them ideal biomarkers. 

Serine protease inhibitor gene (Kunitz type 2, SPINT2 or HAI-2) encodes a 

transmembrane protein with two extracellular Kunitz domains that inhibits a variety of 

serine proteases. The protein inhibits hepatocyte growth factor (HGF) activator, which 

prevents the formation of active hepatocyte growth factor. This gene is a putative tumor 
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suppressor. This gene is located at 19q13.1, The SPINT2 gene is located on the long (q) 

arm of chromosome 19 at position 13.1 

The present work aimed at studying the methylation status of the promoter of serine 

peptidase inhibitor, kunitz type 2 (SPINT2) gene of chronic hepatitis-C virus (HCV) 

infected Egyptian patients with and without hepatocellular carcinoma.  

In the present study 130 Egyptian adults were included, they were divided into two 

groups: group I (80 HCV infected patients) and group II (50 apparently healthy control 

subjects). Group I was further subdivided into two subgroups: group I a (50 HCV infected 

patients without HCC) and group I b (30 HCV infected patients with HCC). The 

methylation status of SPINT2 gene promoter was studied in the peripheral blood by using 

Methylation-specific PCR (MSP) technique. 

According to child pugh classification of patients (group I) in the current study , 

patients with chronic HCV (group Ia) showed different classes of liver insult; class A was 

found in 46.5% ,class B in 41.9% and class C in 11.6 % of HCV patients .(Table VIII) 

Frequent methylation may occur through activation of DNMT by HCV core protein, 

or it may be explained by longer infection period. 

In the current study the methylation status of SPINT -2 in HCV group (Ia) showed 

that 60 % of cases were hemimethylated , 4 % were hypermethylated and 36 % were 

unmethylated.While in the control group (II) , 40 % of cases showed hemimethylation and 

60 % of cases were unmethylated.None of cases showed hypermethylation. (Table XVa)  

As for many other tumors, development of hepatocellularcarcinoma (HCC) must be 

understood as a multistep process with accumulation of genetic and epigenetic alterations 

in regulatory genes. 

In the present sudy, patients with HCV and superimposed HCC showed a 

methylation status as follows: 6.7% hypermethlated, 60 % hemimethylated and 33.3% 

unmethylated .(Table XVa)  

In the current study, comparison was made between the 3 groups regarding the 

methylation status and results were divided into 3 categories: unmethylated and 

hemimethylated or hypermethylated. It was found that there was a statistically significant 

difference within the groups regarding the methylation status(p=0.028). (Table XV a), when 

the hemimethyalted subjects and hypermethylated subjects were combined in one group 

(aberrantly methylated) there was a statistically significant difference within the groups 

regarding the methylation status.The aberrant methylation in control subjects was 

significantly less frequent than HCV (p= 0.01) as well less frequent than HCC (p=0.021) , 

however there was no significant difference between HCV and HCC as regards the 

methylation status . (Table XV b) 

In the current study it was concluded that there was no significant correlation 

between age,AFP,HCV viral load , child pugh score and methylation status in the studied 

groups .(TablesVIII-XX) 

In the present study we found increased risk to develop abnormal methylation in the 

SPINT2 gene promoter of HCV patients in comparison to the normal subjects, as crude 
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odd's ratio was 2.52 with 95 % confidence interval (1.23-5.14), to exclude the effect of 

aging as confounder that might affect the methylation status adjustment was made for odd's 

ratio and it was 2.4 with 95 % confidence interval (1.13-5.26). 

The present study of qualitative MSP reveals a global picture of DNA methylation 

changes in HCV and HCC .Thus providing better understanding of the epigenetic 

mechanism that might underlie the stepwise progression of hepatocarcinogenesis .  

From the present study the following could be concluded: 

1- The cases of aberrant methylation of SPINT2 gene promoter were statistically more 

frequent in HCV and HCC patients rather than control subjects.  

2- There was increased risk to develop aberrant methylation in SPINT2 gene promoter in 

HCV patients rather than normal subjects. 

3- There was no correlation between age ,AFP,HCV viral load , child pugh score and the 

methylation status in the studied subjects.  

4- Hypermethyaltion of SPINT2 gene promoter was observed to be more frequent in 

patients with HCV and superimposed HCC (group Ib ) than HCV patients(group Ia). 

Recommendations: 

• Larger sample size.  

• Study of the methylation status of SPINT2 promoter gene in the liver tissues and 

correlating the finding with those of the peripheral blood. 

• Quantification of methylation level using another quanitative methyl specific PCR 

method such as sequencing . 

• Study of methylation of other genes like TMS1/ASC, RASSF1A, SEMA3B, hMSH3, 

FHIT and hMSH2 in liver cancer 

• Clinical trials to prove and integrate epigenetic pathway modulating agents . 
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 ا��
	� ا�����

١  

  ا��
	� ا�����

���� ���	
�ه) ��( وس ا����ب ا���� ا����
� ا  �������� ا��
� ا��%$ . ���"�ن ا����  ا � ا����ب ا��&'
، ��89 ا��را��ت �DNAض ا��3و�2 �*( ا�و��1  و ��RNA  /� 0ه�) ��( +��وس ا����ب ا���� ا����
� *( أن 

2��( أن 9@�رك �3@�ط +� �839$ ا�=<�2   )��( ا����ب ا���� ا����
�  ����وسا�=�	�  ا�>�2;� أن ا���و�3�9ت ا����و���
 ��B�"���� '( +��وس ا����ب  .� ا�����2 ��ا��F ا��=&E ا�3�Dا�CD'�� ا�G�3��3 ا��Dا� ��H&=2<ت ا���Iا�� �ا���Iف '&

�
� ا�ورام ا�����2  ) ��(ا���� ا����&' ����9��'� +� اآ�@�ف L@�9 �N '(  د��ت  *>��&� �&�@L ا� �N �P2و ا ،
  ).��(�2�G �2ة �<ورام ا�����2 ا����F�9 ����وس واد

���ى��9�(  '&$ ا��=&E 2@�� إ�� *I&�*�ت '���� ا���Tا�� . +�ق ا�@��ة ا��را���2��( '<*�ت ا��=&E ا�
��� ه��
��'� ا���;�����3X9 : Z +� أر��V+ Wت رD* �+2<ت  &>�*[ ا��3وي� ا]��I9 ،ن، ��ا����2�I9<ت 

   .��ون ^��ة ا�>�[ ا��3وي ا���2� وا���و*��9( 

�� ���D� ����Gت او�2��` ا���"�ن '( "�Z@+ E2 ا��Pا�1 وا���از�Bت ا��� �9>�$ +� أ'�اد ا�=<�2 
��نB�أن ��2ن ��` . ا )��
L ا��3�Dت2�aل و>�c�2ا���  اd9  �2>=ا� ��B 1�;9 ء  ،أو�Fcأ�+ B ��Tا�@��ة ا��را ����

E2�" )' أو  �V"�c E&=9 ا���ت Iا� )�D9>�د ا��Z*�' ��fا� )�Dا� )* Z*.  

��ط Bأ Z�;����'� ا�D* �+�[ن� ا�"����'� ا���;�Zآ$ . &>�*[ ا��3وي ��f�� WP=9ات *�HIة +� ا�D*   �+
��  *3=�['�دة  ��2ن ا�����ز�N)2'�ة *g2���'�ت *�;�Z  ا اB=��ض ^�*Z دى إ�D* �+ا��3وى ]�<�. `B�G � إ�

Z*�@ض ا���=B�ا �P2ت أ�B�"�� $8I* ��89 ، �+ ز�2دةZ�;�* ت�'��D*  )* �3�I* اءdG�d�<*  رdG ���9 )�Dا�
CpG . اC9��2` '&� ه ��
��X� Zرة داI�3ت '( ا��Dا� LN�9.   

9 �&�;�� ا���"�ن ��ر�Gت *���و�9ا�[�* �&' �Tg . $�2�� )2Cا� �[�� ،��f9ات ����F+�  �( أن �I[ ا�
��3�� 2 )2�ck��8 ا ���'�ت *�;�Zز�2دة +D*  �+ دة�I�* �3ت�G .ان ا� �H�I2 ات و��f� �+Z�;�* ت�'��D*   ]�ا�>

��� +� ا��=&2�I� E<تان ا� آ�� . *( ا���Fات ا��را��T 9>�ث ��Xرة اآ����"�ن ا�+�  ا��3وى�' Z��اآ;�  *( ا�
 )* ��Tات ا��را��Fا�. H&=9 ت��ت إذا 9$ اآ�@�ف د��ا�� nCا��=�ام ه )����� *>�دة ���ض *�I( ��ف ��2ن *( ا�

  ��H&=ت ا���I�N�3ت ا��م ��>��2 ا����' �+ . �&�;���ط ا�B�2 أ�<�� o��2 �N �*ا��3وي +� ا��<ز ]�Z�&<9 *;�&� ا�>
  .ا���2�fة  ��a Z�Nر أ'�اض ا�*�اض 

��'� ا��;�d�<* �+ Zات ا��3�Dت +� ا�Bاع *=�&�� *( آ;�� *( ا��را��ت اp��T ا����ءة ا�آ&���H� ����3س آ$ *D
9��'� +� r�=@9 ��"�ن ا���� �N ��B�3ت و ا�I2>�ث +� ا*�آ( *>�دة +� ، ا� Z�;���'� ا�D* �+ ���fان ا�� ��و �

2��'� ان ��9ن هnC ا��2�I<ت ا��=&��H د��ت %�� �Fcة و *( ا���Z ا�>�Xل '&��� *(  s�3ت و ذ��Dات ا�d�<*
 �3ت ا��م و ا���ا
Z ا�>���2 *�� 2�I9 ZID2<ت ا��=&E د��ت *;���� '�

)�G $2dB2( ������از أ���&�  1�;��   ا�B�;ا� d�Bء *( ا��3ع آ��@fو �ا�9ن و ���2ن *(2@�� ��و�9( ا� Kunitz 
��'� *��3'� *( ا���و��9ز ���2(D* W3�ا��HGF ( ،1@3( ا���و�9( 2�Z*�' W3 ا�3�� ا����ي. �cرج ا�=&�� ا��� 9

ذراع  '&� �GSPINT2(   ، وWH2 و ���I2 هCا ا��D( *;�1 �<ورام . ا�Cي 2�Z*�' Z��@9 W3 ا�3�� ا����ي ا�3@1
  . ١٣.١ *�HF3  +� ١٩ا�Z2�F  ا���و*���م 

�Z ا�>��� I��2ف ا� ����2( ������از *( ا��3ع آ�d�Bإ�&�  1�;� درا��  ���   ا���;��G  d�<* �+ Z( أ2dB$ ا�
 )*d�� ا���2�X( ا�����X( �����9ب ا����ى ا�[��� ا�+ �B�;ا�–  ���"�ن *���X(  ا2�c(  ��ون ��"�ن آ�� و��

�Z  .آ��Iا ا�Cو+� ه p�9   d�<* �+ Z�;����3H9  Z'��9 +� ا��م ����=�ام �G( *;�1 ��و��9ز ا����2(درا��  ���   ا�
�&�;��&� ا�=�ص ���&�  . (MSP) ا��������d2 ا��

 p���، �(*( ا�����f( ا��2�X ١٣٠ '&� هnC ا��را��و9��H9 $9$ )��'��D* ���'� ا�و�� : إ�D�*(  ٨٠(ا�
)���X�� ا�[����'� ا�;�C ( ��Bس و���� ا�D���'� ا���]� و ��H 9$) .ا	>�ء ٥٠(وا�D* $��H9  ���'�ت إ�D*

��'�+ : ���'� ا�و�D���" C*�2[ ����وس  ٥٠(أ ا�� )���X* ��% )�� ب ) �ن ا����و ���'� ا�و�D�وا�
��"�ن ا����C*�2[ ����وس ٣٠(� )���X* و(  
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 ا��
	� ا�����

٢  

p�9 �Hتا� و��'��D��� W[�� E&I�2  ا�;<�T +� هnC ا��را�� ��Hر�B ��( ا��+  d�<* �+ Z�;���G(  ���   ا�
)2����p  *;�1 ��و��9ز ا��N و ���'� ، و���9 و LXB *;�&� و *;�&� زا
�ة%�� *;�&: +�Vت ٣ا���3
� إ�D* �+ /Bأ )

��'�LXB *;�&� ٪ *( ٦٠ ا�و�� أD* �+ s�Cو�� ب  ، وآ�. ٪٦٠ا	�ا �'��D* �+ ��3��< pBآ� �F��Pء ا��
 �����'� ا�	>�ء ا�401H+ ٪.�F��Pا�3D* �+ �&�;�+�  ٤٪ ان  +�  �(، و �$ �9( ه�3ك  ��ت ا��2dدة +� ا�

 �'��D���'� ا�و�� ب ٦.٧2 و ا�و�� أا�D�
�� . ��G ���2$ *;�&� زا
�ة ٪ +� ا��X إ ���و��9( أن ه�3ك +�وق ذات د
�&�;* W[�� E&I�2 ����'�ت +�D�  .داZc ا�

��'� وا �ة ا�>��ت ذات ا��;�&� ا�dا
�ة و ا�LX3 *;�&� و+� ا��را�� ا�>���� 9$ د*� D* �+)�2ة�f�) ا��;�&� ا�
���'�ت ا�D�
�� ��( ا��X إ ���أن ه�3ك +�وق ذات د �Gرو��وو� .pB>�ء وآ�	�ا �'��D*  ��;�� ZNأ �F��Pا�

��'� ا�و�� أ *(D���'� ا�و�� بو، أZN *( ) ٠.٠١= p( ا�D��� E&I�2 ) ٠.٠٢١= p( ا��+W[�� و��( �$ ا� ،�&�;�

�� �2( ه�3ك +�ق�X ا ���و�� أ و ب��(  ذو د�ا �'��D� ).p٠.٥٢=( ا�

��'� *�dا�2ة *( ا��>�ثت و�N أ+�دD*  د�G�� ر��9ط ��( ا)�و . و *�ى ا��;�&� �&>�*[ ا��3وى  ا���Hم +� ا�
� +��ات ز*��3 "�2&�، و*;�&� '&� وG/ ا�=�Xص، و�N 9$ ر�1 &' �3*dا� ��Iا� W* 9$ ر�1 ا�>�*[ ا��3وي �H�

�( *;Z ا���"�ن، و��( +� ا��را�� ا�>���� �$ �9( ه�3ك +�وق ذات د��ا����fات +� *;�&� ��� �F�9�* اض�*� ��
 �H&I�* ت�Gو ��
�X إ���I��.  

 �Fc ز�2دة �B�Gا��را�� و nCه �+ ��G( *;�1 ��و��9ز ا����2( +�  ���   ا���;�d�<* �+ Z  و�Gد ز�2دة +
)*d���� ا�ر��X*-C   ��<G� +��وس ا����ب ا���� ا�B pBآ� �����٢.٥٢��HرW* �B ا�^=�ص ا���I��F(، آ  W*٩٥ ٪

Z	�+  �H;5.14-1.23(ا�( ،و� ��T�9 د�I��� )���� ا�رG>�� وآ��H+ B 9$ ا�B Z2�I9 إ �اثp ٢.٤  W* 95% Z	�+
 �H;5.26-1.13(ا�.(  

 )* Zآ �+ ��H&=��3 ا���Dات ا���fا�� �ا�����ب ا����ي �� و ��"�ن +� هnC ا��را�� 9$ ا���Iف �@�Z ه�م '&
/3' $G�3ا���،ا���� ا� ��H&=ا�� ����B����2��'� +� +�$ ا� �N ��*  �N  �& ����"�ن ا����ي �9��` ا���Hم ا�&  

�
� 
   :و���	
� �� ه�� �

� ����وس  )١[��
�� اآ;� +�  ��ت ا��X ا pB�2ة آ��f�و *�]� ا���"�ن ا����ي *(  C ��ت ا��;�&� ا�
 .ا�	>�ء

٢( * �� ا�����X ����وس  d�<  )�Gspint2ه�3ك ز�2دة �Fc �>�وث *;�&� *�2�fة +[��اآ;� *(   C+� ا�
 .	>�ءا�

٣(  )�� �N>' �2( ه�3ك $� )�9@�2&� و *���ى +��وس �� و درAFP  �G , ا��� +��� ��و�9(  *���ىو ا���Hم +� ا�
Child     ا� ��� و �+ �&�;� .ا��� 9�p درا���� ا�>��ت

٤(  )���X�� ا�[����'� ا�D* �+ ة�
��"�ن ا���� *< �8 ز�2دة  ��ت ا��;�&� ا�dا�  �[����'� ا�D* �+ /3'
  ا�����X( �����9ب ا����ي 

  :ا�����
ت
   .'�د اآ�� *( ا�>��تدرا��  •
�;�&� ا�درا��  ���  •)�G ازdI* �+ spint2 ا���� وا���1 و �D�Bأ �+�
���D�3 *( '��3ت ا��م *s&9 W ا���3�   .ا�
���ى  •��&� ا���� ا�=��;�&� ����=�ام �&ا���� ��Nس ا�&�  .ص ����;�&���3H9  ا�cى *;Z'��9 Z ا��������d2 ا��
��'�ت ا���;��3�G �+ Zت ا�cى +� ��"�ن ا���� •D* ���  درا��. 
• �3�Dا� E&=ا��  Z*ر 9>��2 '�ا��  .�D9رب ���2�2 
��Tت ود*� *
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