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Abstract
AIM: To investigate the inhibitory effect of kallistatin 
(KAL) on angiogenesis and HCT-116 xenograft tumor 
growth. 

METHODS: Heterotopic tumors were induced by 
subcutaneous injection of 2 × 106 HCT-11 cells in mice. 
Seven days later, 2 × 1011 rAAV-GFP or rAAV-KAL was 
injected intratumorally (n = 5 for each group). The 
mice were sacrificed at d 28, by which time the tumors 
in the rAAV-GFP group had grown to beyond 5% of 
the total body weight. Tumor growth was measured by 
calipers in two dimensions. Tumor angiogenesis was 
determined with tumor microvessel density (MVD) by 
immunohistology. Tumor cell proliferation was assessed 
by Ki-67 staining.

RESULTS: Intratumor injection of rAAV-KAL inhibited 
tumor growth in the treatment group by 78% (171 ± 
52 mm3) at d 21 after virus infection compared to the 
control group (776 ± 241 mm3). Microvessel density 
was significantly inhibited in tumor tissues treated with 
rAAV-KAL. rAAV-KAL also decreased the proportion 
of proliferating cells (Ki-67 positive cells) in tumors 
compared with the control group.

CONCLUSION: rAAV-mediated expression of KAL 
inhibits the growth of colon cancer by reducing 
angiogenesis and proliferation of tumor cells, and may 
provide a promising anti-angiogenesis-based approach to 
the treatment of metastatic colorectal cancer.  
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INTRODUCTION
Advanced colorectal cancer (CRC) is a critical health 
concern in the �orld�� overall s�rvival is hi�hl�� de�endent in the �orld�� overall s�rvival is hi�hl�� de�endent�orld�� overall s�rvival is hi�hl�� de�endentoverall s�rvival is hi�hl�� de�endentverall s�rvival is hi�hl�� de�endent s�rvival is hi�hl�� de�endents�rvival is hi�hl�� de�endent 
��on the sta�e of  disease at dia�nosis�� �he esti�ated dia�nosis�� �he esti�ateddia�nosis�� �he esti�ated 
5-��ear s�rvival rates ran�e fro� 85�� to ���� for �atients�� to ���� for �atients to ���� for �atients ���� for �atients���� for �atients 
�ith sta�eⅠdisease to < 5�� for �atients �ith sta�e sta�esta�e Ⅳ 
disease�� Over 5��� of  �atients �ith colorectal cancer 
�resentin� �ith �etastatic or locall�� advanced disease 
ex�erience local rec�rrence or develo� distant �etastases local rec�rrence or develo� distant �etastaseslocal rec�rrence or develo� distant �etastases 
after �otentiall�� c�rative s�r�er���� �he �ost i��ortant �otentiall�� c�rative s�r�er���� �he �ost i��ortant�otentiall�� c�rative s�r�er���� �he �ost i��ortant 
treat�ent c�rrentl�� availa�le for �atients �ith sta�e c�rrentl�� availa�le for �atients �ith sta�ec�rrentl�� availa�le for �atients �ith sta�e Ⅳ 
disease is s��ste�ic che�othera����� Altho��h there have s��ste�ic che�othera����� Altho��h there haves��ste�ic che�othera����� Altho��h there have 
�een recent advances in the field�� �ith rando�i�ed trials advances in the field�� �ith rando�i�ed trialsadvances in the field�� �ith rando�i�ed trials 
confir�in� the activit�� of irinotecan�� oxali�latin and the activit�� of irinotecan�� oxali�latin andthe activit�� of  irinotecan�� oxali�latin and 
ca�ecita�ine�� �edian s�rvival re�ains at onl�� �5-�8 �o�� �edian s�rvival re�ains at onl�� �5-�8 �o���edian s�rvival re�ains at onl�� �5-�8 �o��-�8 �o���8 �o�� 
�here is�� therefore�� a critical need for �ore effective and 
�etter-tolerated thera�ies�� thera�ies��thera�ies��

With the role of  an�io�enesis in t��or �ro�th andt��or �ro�th and and 
�ro�ression fir�l�� esta�lished�� considera�le efforts have 
�een directed to antian�io�enic thera��� as a ne� �odalit�� 
to treat h��an cancers�� Clinical trials have �rovided stron� Clinical trials have �rovided stron��rovided stron�stron� 
evidence that antian�io�enic a�ents�� s�ch as �evaci���a� s�ch as �evaci���a� �evaci���a� 
(avastin�� anti-����� h��ani�ed �onoclonal anti�od��)��avastin�� anti-����� h��ani�ed �onoclonal anti�od��)��)���� 
�a�� �la�� a �eanin�f�l role in colorectal anticancer thera����� anticancer thera�����anticancer thera������� 
�ith an o�ti�istic increase of ����-���� in s�rvival�� an o�ti�istic increase of ����-���� in s�rvival�� increase of ����-���� in s�rvival��increase of  ����-���� in s�rvival����-���� in s�rvival��-���� in s�rvival���� 
Based ��on the res�lts of  these rando�i�ed st�dies[����]�� 
�evaci���a� has no� �een a��roved ��� the ���A for has no� �een a��roved ��� the ���A forhas no� �een a��roved ��� the ���A for 
the first-line treat�ent of �etastatic colorectal cancer in treat�ent of �etastatic colorectal cancer intreat�ent of  �etastatic colorectal cancer in 
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co��ination �ith che�othera����� che�othera�����che�othera�����
�es�ite the enth�sias� and �ro�isin� earl�� res�lts�� the enth�sias� and �ro�isin� earl�� res�lts��th�sias� and �ro�isin� earl�� res�lts�� and �ro�isin� earl�� res�lts�� �ro�isin� earl�� res�lts���ro�isin� earl�� res�lts�� 

there are still several �ro�le�s to resolve in eval�atin� the resolve in eval�atin� theresolve in eval�atin� the 
activit�� of  antian�io�enic a�ents�� �hich are �redo�inantl��antian�io�enic a�ents�� �hich are �redo�inantl���� �hich are �redo�inantl�� �redo�inantl���redo�inantl�� 
c��stostatic rather than c��totoxic�� and the clinical res�lts are�� and the clinical res�lts are 
still disa��ointin� accordin� to internationall�� acce�teddisa��ointin� accordin� to internationall�� acce�ted accordin� to internationall�� acce�tednternationall�� acce�ted acce�tedacce�ted 
R�CIS� criteria�� Antian�io�enic �ene thera��� strate����� Antian�io�enic �ene thera��� strate���thera��� strate��� strate���strate��� 
holds �reat �ro�ise in advancin� antian�io�enesis as an 
effective cancer thera��� to �e eval�ated in clinical trials to �e eval�ated in clinical trialseval�ated in clinical trials 
in the f�t�re�� Several lessons can �e learned fro� earl�� 
clinical trials in antian�io�enic thera����� (�) �rolon�ed�rolon�ed 
�se of  an�io�enesis inhi�itors is envisioned for cancer for cancerfor cancer 
�atients�� Beca�se antian�io�enic a�ents sta�ili�e t��or a�ents sta�ili�e t��ora�ents sta�ili�e t��or 
�ro�th ��t do not red�ce t��or ��rden�� constit�tive ��rden�� constit�tive��rden�� constit�tiveconstit�tive 
ex�ression of  an antian�io�enic �rotein even at lo�er 
concentrations than �ol�s doses �a�� �e �ore effective 
than the inter�ittent �eaks associated �ith re�eated 
deliver�� of  a reco��inant �rotein�� �reclinical ex�eri�entss 
have sho�n that a constant level of these inhi�itorsthat a constant level of these inhi�itorsa constant level of these inhi�itors these inhi�itorsthese inhi�itors 
in the circ�lation �rovides �ore effective anti-cancer anti-canceranti-cancer 
thera��� than inter�ittent �eaks of  inhi�itor in �ice �ice�ice[�]�]]�� 
�herefore�� in the f�t�re�� antian�io�enic �ene thera��� �ene thera����ene thera��� 
�a�� �e i��ortant for �rotein an�io�enesis inhi�itors�� inhi�itors��inhi�itors�� 
(�) �he an�io�enic s�itch has �eco�e reco�ni�ed as 
a critical ste� in t��or �ro�a�ation and �ro�ression[4]�� 
M�lti�le an�io�enic �ath�a��s are involved in the �alance�lti�le an�io�enic �ath�a��s are involved in the �alanceare involved in the �alanceinvolved in the �alanced in the �alance in the �alance 
�et�een endo�eno�s sti��lators and inhi�itors�� ��ro� this 
�ers�ective�� the �od�� �a�� har�or �an�� in sit� t��ors���� 
��et the t��ors do not �ro�ress to lethal t��ors �nless 
there is an i��alance �et�een a t��or�s �ro-an�io�enic�s �ro-an�io�enics �ro-an�io�enic 
o�t��t and the �od���s total an�io�enic defense�s total an�io�enic defenses total an�io�enic defense[5]�� �ene 
thera��� offers a strate��� �here��� an individ�al co�ld 
�oost their endo�eno�s an�io�enic defenses and ti� the 
�alance favora�l���� �eca�se ��lti�le thera�e�tic �enes�eca�se ��lti�le thera�e�tic �enes��lti�le thera�e�tic �enes 
can �e en�ineered into one vector�� (�) �he �rod�ction�� (�) �he �rod�ction (�) �he �rod�ction�he �rod�ction �rod�ction 
of  f�nctional �roteins can �e ex�ensive�� and re�eated 
�sa�es �ill not �e afforda�le for �atients�� �ene thera����ill not �e afforda�le for �atients�� �ene thera���for �atients�� �ene thera��� 
offers the o��ort�nit�� for �atients to �eco�e their o�ns to �eco�e their o�n to �eco�e their o�ntheir o�no�n 
so�rce of  �rod�ction�� i��e���� an endo�eno�s factor�� fori��e���� an endo�eno�s factor�� foran endo�eno�s factor�� for 
antian�io�enic �rotein �rod�ction��

A�on� the identified endo�eno�s inhi�itors of  
an�io�enesis�� kallistatin (kallistatin (allistatin (KAL) is one of  the �est 
choices �eca�se of  its �road-s�ectr�� characteristicscharacteristics[�]�]�� 
It is ca�a�le of  inhi�itin� vasc�lar endothelial �ro�thvasc�lar endothelial �ro�th 
factor (�����) and �asic fi�ro�last �ro�th factor and �asic fi�ro�last �ro�th factor 
(������) �ediated an�io�enesis [�n���lished data]�� as]�� as�� as 
�ell as �reventin� t��or invasion via the activation of  
�etallo�roteinases ��� inhi�itin� tiss�e kallikrein activit���� 

�ene transfer vectors �ased on adeno-associated vir�sectors �ased on adeno-associated vir�s 
(AA�) are of  �artic�lar interest as the�� are ca�a�le of  
ind�cin� trans�ene ex�ression in a �road ran�e of tiss�es �road ran�e of tiss�es�road ran�e of  tiss�es 
for a relativel�� lon� ti�e �itho�t sti��lation of  a cell-
�ediated i���ne res�onse�� �erha�s the �ost i��ortant i��ortanti��ortant 
attri��te of  AA� vectors is their safet�� �rofile in �hase
Ⅰclinical trials ran�in� fro� c��stic fi�rosis (C��) toc��stic fi�rosis (C��) to��stic fi�rosis (C��) to(C��) toC��) to) to to  
�arkinson�s disease�� �he �tilit�� of AA� vectors as a �ene AA� vectors as a �eneAA� vectors as a �ene 
deliver�� a�ent in cancer thera��� is sho�in� �ro�ise in 
�reclinical st�dies�� With the identification of different identification of differentidentification of  different 
serot���es and recent �ro�ress in the i��rove�ent of the i��rove�ent ofthe i��rove�ent of  
AA� vectors�� s�ch as d�al vectors to overco�e the vectors�� s�ch as d�al vectors to overco�e thevectors�� s�ch as d�al vectors to overco�e the overco�e theoverco�e the 
li�ited �acka�in� ca�acit���� self-co��le�entar�� vectors to vectors tovectors to 

increase the level and onset of trans�ene ex�ression�� and trans�ene ex�ression�� andtrans�ene ex�ression�� and 
capsid modifications to mediate ce�� specific t�ansd�ction�� ce�� specific t�ansd�ction��ce�� specific t�ansd�ction�� 
it �ill �e �ossi�le in the f�t�re to desi�n �ore s�ecific to desi�n �ore s�ecificto desi�n �ore s�ecific 
and efficient thera�ies for �se in the cancer treat�ent the cancer treat�entthe cancer treat�ent 
arena[�]�]�� �herefore�� an a��roach �here��� the �herefore�� an a��roach �here��� the�herefore�� an a��roach �here��� the a��roach �here��� thea��roach �here��� the KAL �ene�ene 
is delivered to t��ors in a for� ena�lin� sta�le and lon�- t��ors in a for� ena�lin� sta�le and lon�-t��ors in a for� ena�lin� sta�le and lon�-
ter� �ene ex�ression has �eco�e increasin�l�� attractive�� has �eco�e increasin�l�� attractive��has �eco�e increasin�l�� attractive�� 
O�r recent la�orator�� �ork revealed that KAL co�ld �e 
a s�ita�le candidate for he�atocell�lar carcino�a (�CC) (�CC)�CC)) 
thera��� [�n���lished data]�� In the �resent st�d���� an anti-]�� In the �resent st�d���� an anti-�� In the �resent st�d���� an anti-n the �resent st�d���� an anti-
an�io�enic a��roach ��� transfer of  the KAL �ene thro��hthro��h 
an AA� vector �as e��lo��ed to treat colon cancer in a vector �as e��lo��ed to treat colon cancer in a �as e��lo��ed to treat colon cancer in acolon cancer in a in a 
�o�se �odel��

MATERIALS AND METHODS
Plasmid construction
�he f�ll-len�th c�NA fra��ents of h��an KALs of h��an KAL of  h��an KALKAL 
�ere a��l i f ied fro� h��an l iver f i rs t-s trandedere a��l i f ied fro� h��an l iver f i rs t-s tranded a��l i f ied fro� h��an l iver  f i rs t -s tranded 
c�NA ��� �CR�� S�ecific �ri�ers �ere desi�ned fro�S�ecific �ri�ers �ere desi�ned fro��ecific �ri�ers �ere desi�ned fro� 
the n�cleotide seq�ence of  h��an KAL ���lishedKAL ���lished���lished 
in  NCBI  ( a cce s s ion  n���er  L���84 ) �� K a l l i -���� K a l l i -�� K a l l i -��K a l l i -�� 
(5 � -5 � -AA�AA��C�A��A��CA�C��A�C�AC) 
a n d  K a l l i - R ( 5 � -K a l l i - R ( 5 � - ( 5 � -( 5 � -5 � - A A � � � A C C A A � C � � 
C�A������C�������C)�� Restriction en����e sites�� Restriction en����e sitesRestriction en����e sites 
(�nderlined) �ere introd�ced into �ri�ers for s��clonin����ere introd�ced into �ri�ers for s��clonin���s for s��clonin���for s��clonin��� 
�he conditions of �CR �ere 45 s each at �4s of �CR �ere 45 s each at �4 of  �CR �ere 45 s each at �4ere 45 s each at �4 45 s each at �4 each at �4each at �4℃�� 5��℃ and  
�8℃ for �� c��cles�� �he �CR fra��ents �ere seq�enced and�CR fra��ents �ere seq�enced and fra��ents �ere seq�enced andseq�enced andand 
s��cloned into the AA�-� vector�� �hich has �een descri�edinto the AA�-� vector�� �hich has �een descri�edthe AA�-� vector�� �hich has �een descri�ed 
�revio�sl��[8���]���]�]�� �he c�NA fra��ents of KAL �ere �eneratedc�NA fra��ents of  KAL �ere �enerated 
��� �CR and �ere confir�ed ��� �NA seq�encin��� �he �ere confir�ed ��� �NA seq�encin��� �heere confir�ed ��� �NA seq�encin��� �he confir�ed ��� �NA seq�encin��� �he 
seq�ence of  KAL �atched that ���lished in NCBI exce�tKAL �atched that ���lished in NCBI exce�t �atched that ���lished in NCBI exce�t 
for t�o n�cleotides�� �he differences �ere at n�cleotides 
��45 and ��4��� �hich res�lted in a sense ��tation in a�ino 
acid seq�ence�� �he resid�e threonine (AC�) at codon �8� 
�as chan�ed into a serine (A�C) resid�e��

�o attain a constit�tive and hi�h-level ex�ression of and hi�h-level ex�ression of hi�h-level ex�ression of  
KAL�� the KAL c�NA �as inserted into the AA� vector�� the KAL c�NA �as inserted into the AA� vector KAL c�NA �as inserted into the AA� vector c�NA �as inserted into the AA� vector �as inserted into the AA� vector inserted into the AA� vectorinserted into the AA� vector into the AA� vector 
�et�een the inverted ter�inal re�eats (I�Rs) �nder the 
control of  c��to�e�alovir�s (CM�) enhancer/chicken 
β-actin �ro�oter�� A �oodch�ck he�atitis B vir�s �ost-A �oodch�ck he�atitis B vir�s �ost-
transcri�tional re��lator�� ele�ent (W�R�) �as inserted 
into constr�cts i��ediatel�� after the inserted �enes�� ins i��ediatel�� after the inserted �enes�� in i��ediatel�� after the inserted �enes�� ins�� in�� in 
order to �oost trans�ene ex�ressionns�ene ex�ressions�ene ex�ression[��]��

Generation of rAAV vectors
AA� �articles �ere �enerated ��� a three �las�id�� hel�er-
vir�s free �acka�in� �ethod[8���5]8���5]�� �he viral titre �as�he viral titre �as 
deter�ined ��� real-ti�e �CR anal��sis as descri�edreal-ti�e �CR anal��sis as descri�edas descri�ed 
�revio�sl��[��]��]��

��ift��-tho�sand-tho�sandtho�sand h��an e��r��onic kidne�� (��K)��an e��r��onic kidne�� (��K) 
��� cells �ere seeded into �-�ell �lates and �ere �ro�n�ere �ro�n 
overni�ht�� �he �edi�� �as re�laced ��� co��lete �edi�� 
�ith red�ced fetal �ovine ser�� (��BS) (���)�� A total ofA total of   
5 �� ���� �� ��� vector �eno�e rAA�-���� �articles �erevector �eno�e rAA�-���� �articles �ererAA�-���� �articles �ere-���� �articles �ere���� �articles �ere 
inc��ated �ith cells for 8 h�� ��o da��s later�� the a�ilit�� of8 h�� ��o da��s later�� the a�ilit�� of�� ��o da��s later�� the a�ilit�� of��o da��s later�� the a�ilit�� ofhe a�ilit�� of  
the vir�s to infect and transd�ce the cell line �as assessed 
by fl�o�escent mic�oscopy�t �icrosco����� �icrosco�����

Cell lines, animals and antibodies
�he ��K ��� cell line and the colon adenocarcino�a��� cell line and the colon adenocarcino�athe colon adenocarcino�acolon adenocarcino�a 
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cell line �C�-��� �ere ��rchased fro� A�erican ����e �C�-��� �ere ��rchased fro� A�erican ����e�C�-��� �ere ��rchased fro� A�erican ����e�ere ��rchased fro� A�erican ����eA�erican ����e 
C�lt�re Collection (A�CC)�� �he cells �ere c�lt�redA�CC)�� �he cells �ere c�lt�red)�� �he cells �ere c�lt�red�� �he cells �ere c�lt�red 
in ��l�ecco�s Modified �a�le�s Medi�� (�M�M)��l�ecco�s Modified �a�le�s Medi�� (�M�M)�s Modified �a�le�s Medi�� (�M�M)s Modified �a�le�s Medi�� (�M�M)�s Medi�� (�M�M)s Medi�� (�M�M)�M�M)) 
(Invitro�en�� �rand Island�� N�) s���le�ented �ith ������ �rand Island�� N�) s���le�ented �ith ����) s���le�ented �ith ���� 
��BS (�e�ini�� Sacra�ento�� California)�� ��� �nit/�L (�e�ini�� Sacra�ento�� California)�� ��� �nit/�L�� Sacra�ento�� California)�� ��� �nit/�L)�� ��� �nit/�L 
�enicillin and ��� µ�/�L stre�to���cin (Invitro�en)�� Six- 
to ei�ht-�eek-old �ale BALB/c �ice �ere o�tained fro� 
the La�orator�� Ani�al Unit of  the Universit�� of  �on� 
Kon��� All s�r�ical �roced�res and care ad�inistered to the 
ani�als �ere a��roved ��� the Universit�� �thics Co��ittee 
and �erfor�ed accordin� to instit�tional ��idelines�� �he �hehee 
anti-C��4 (clone M�C �4���)�� anti-Ki-�� (clone B5�) andC��4 (clone M�C �4���)�� anti-Ki-�� (clone B5�) and(clone M�C �4���)�� anti-Ki-�� (clone B5�) and 
anti-rat �ol��clonal anti�odies and anti-�o�se �ol���er 
conj��ate �ere ��rchased fro� Santa Cr�� (Santa 
Cr���� CA)�� �har�in�en (San Jose�� CA)�� B� Biosciences 
(San Jose�� CA) and Z���ed (So�th San ��rancisco�� CA)��So�th San ��rancisco�� CA)���� CA)���� 
res�ectivel����el��������

Tumor model
���ors �ere esta�lished ��� s��c�taneo�s inoc�lation of  
� �� ���� ����� �C�-��� cells into the dorsal skin of �ice �s--��� cells into the dorsal skin of �ice �s-��� cells into the dorsal skin of �ice �s-� cells into the dorsal skin of �ice �s- cells into the dorsal skin of  �ice �s-
in� �5-� needles�� Seven da��s later�� � �� ���� ������ rAA�-���� 
or rAA�-KAL �as injected intrat��orall�� (KAL �as injected intrat��orall�� ( �as injected intrat��orall�� (n = 5 for each 
�ro��)�� �he �ice �ere sacrificed at d �8�� ��� �hich ti�e 
the t��ors in the AA�-���� �ro�� had �ro�n to �e��ond-���� �ro�� had �ro�n to �e��ond���� �ro�� had �ro�n to �e��ond 
5�� of  the total �od�� �ei�ht�� 

���or �ro�th �as �onitored for 4 �k ��� �eas�rin�4 �k ��� �eas�rin��k ��� �eas�rin� 
t�o �er�endic�lar dia�eters�� ���or vol��e �as calc�lated 
accordin� to the for��la ���5� ���� a ���� b��� �here a and b are 
the lar�est and s�allest dia�eters�� res�ectivel����

Evaluation of microvessel density
Microvessel densit�� (M��) �as assessed ��� the �ethodM��) �as assessed ��� the �ethod) �as assessed ��� the �ethod �as assessed ��� the �ethod 
defined by �einde� and co��o��e�s�� Weinder and co-�orkers[��] after C��4 stainin��� 
�he �ean val�e of  the three hot s�ots �as taken as the 
M���� �hich �as ex�ressed as the a�sol�te n���er of  
�icrovessels (�����8� ��� pe� fie�d)�

Quantitation of Ki-67 proliferation index
�ositive and ne�ative stained cells �ere co�nted on a 
�ini��� of  �� rando�l�� selected �� 4�� hi�h-�o�er�� 4�� hi�h-�o�er 4�� hi�h-�o�er� hi�h-�o�er hi�h-�o�er 
fie�ds f�om �ep�esentative sections of  t�mo�s� The Ki�67 
�roliferation index (the fraction of  �roliferatin� cells) �as 

calc�lated fro� the n���er of  Ki-�� �ositive cells divided 
��� the total cell co�nt�� 

Statistical analysis 
Co��arisons of t��or vol��e �et�een �ro��s �ereo��arisons of t��or vol��e �et�een �ro��s �eres of t��or vol��e �et�een �ro��s �ere of  t��or vol��e �et�een �ro��s �ereere 
�ade �ith the St�dent�s t-test �here indicated and �ere �here indicated and �ere and �ereere 
considered statisticall�� si�nificant if  the P val�e �as less 
than ����5��

RESULTS
KAL suppressed growth of HCT-116 tumors in vivo
���or for�ation �as detected in all of  the �ice�� ���or 
�ro�th �as si�nificantl�� slo�er in the rAA�-KAL �ro��in the rAA�-KAL �ro��n the rAA�-KAL �ro��KAL �ro�� �ro�� 
than in ani�als injected �ith rAA�-���� (��i��re �)�� At d�)�� At d)�� At dt d d 
�� after vir�s infection�� t��or �ro�th �as red�ced ��� �8�� after vir�s infection�� t��or �ro�th �as red�ced ��� �8���8���� 
(��� �� 5� ����� �� 5� �� �� 5� ���� 5� �� 5� ��5� �� ���) in the treat�ent �ro�� co��ared to the 
control �ro�� (��� �� �4� ����� �� �4� �� �� �4� ���� �4� �� �4� ���4� �� ����� P < �����)�� Re�resentative Re�resentativeRe�resentative 
�hoto�ra�hs of the t��or at �� d for �oth �ro��s are the t��or at �� d for �oth �ro��s arethe t��or at �� d for �oth �ro��s aret��or at �� d for �oth �ro��s are d for �oth �ro��s ared for �oth �ro��s are 
sho�n in ��i��re ����re ��� ���

Evaluation of angiogenesis by CD34 staining
�e fo�nd that de�ive�y of K��� co��d si�nificant�y �ed�cee�ive�y of  K��� co��d si�nificant�y �ed�ceo��d si�nificant�y �ed�ce si�nificant�y �ed�ce 
�ro�th of  t��ors�� de�onstratin� that the treat�ent 
�ethod �as effective�� Since KAL is an antian�io�enic�as effective�� Since KAL is an antian�io�enics effective�� Since KAL is an antian�io�enicSince KAL is an antian�io�enicKAL is an antian�io�enic is an antian�io�enicis an antian�io�enic antian�io�enic 
inhi�itor�� in order to deter�ine �hether the s���ression�� in order to deter�ine �hether the s���ression 
of  t��or �ro�th in the �ice injected �ith rAA�-KALKAL 
�as related to the antian�io�enic a�ilit�� of  the trans�ene 
�rod�ct�� the t��or �lood vasc�lat�re �as exa�ined ��� 
stainin� for endothelial cell anti�en C��4 (��i��re �)�� A (��i��re �)�� A�� A AA 
si�nificant �ed�ction in mic�ovesse� density �as obse�ved 
in rAA�-KAL [�� �� �� vessels/hi�h �o�er field (h�f)��KAL [�� �� �� vessels/hi�h �o�er field (h�f)�� [�� �� �� vessels/hi�h �o�er field (h�f)���� �� �� vessels/hi�h �o�er field (h�f)��� �� �� vessels/hi�h �o�er field (h�f)���� �� vessels/hi�h �o�er field (h�f)�� �� vessels/hi�h �o�er field (h�f)��� vessels/hi�h �o�er field (h�f)�� vessels/hi�h �o�er field (h�f)��  
P < �����] co��ared �ith control �ice (��� �� �� vessels/� �� �� vessels/ �� �� vessels/�� �� vessels/ �� vessels/� vessels/vessels/
h�f)��

Assessment of cell proliferation by Ki-67 staining
���or �ro�th retardation co�ld also �e a res�lt of  
red�ction in cell �roliferation�� �o q�antitativel�� co��are 
the �roliferation index of  t��ors in different �ro��s�� 
t��or sections �ere stained for ex�ression of  Ki-���� Ki-�� 
is strictl�� ex�ressed in �roliferatin� cells and is co��onl�� 
�sed as a �arker for cell �roliferation�� �reat�ent �ith �reat�ent �ith�reat�ent �ith 
rAA�-KAL decreased the �ro�ortion of �roliferatin� cellsKAL decreased the �ro�ortion of �roliferatin� cells decreased the �ro�ortion of  �roliferatin� cells 
(Ki-�� �ositive cells) in t��ors co��ared �ith the control 
�ro���� Based on the co�ntin� of  �� rando�l�� selected 
mic�oscopic fie�ds�� the p�o�ife�ation index �as si�nificant�y 
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Figure 1  Tumor growth suppression curve: tumor volumes of the rAAV-KAL group 
versus the rAAV-GFP group on the indicated days. 
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Figure 2  Representative photographs of a tumor at 21 d for mice injected with 
rAAV-GFP and rAAV-KAL intratumorally.
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decreased fro� ���� �� ��� in the control �ro�� to 4� �� ����� �� ��� in the control �ro�� to 4� �� � �� ��� in the control �ro�� to 4� �� ��� ��� in the control �ro�� to 4� �� � ��� in the control �ro�� to 4� �� ���� in the control �ro�� to 4� �� ��� in the control �ro�� to 4� �� �4� �� � �� ��� � �� 
�� in the rAA�-KAL �ro�� (KAL �ro�� ( �ro�� (P < �����)��

DISCUSSION
O�r �resent data sho�ed that the a��lication of  the 
an�io�enic inhi�itor KAL s���ressed an�io�enesis and KAL s���ressed an�io�enesis ands���ressed an�io�enesis and 
res�lted in �ro�th retardation of  colon t��ors�� C��4colon t��ors�� C��4 t��ors�� C��4 
stainin� of  the �C�-��� t��ors revealed a si�nificant�-��� t��ors revealed a si�nificant t��ors revealed a si�nificant 
direct correlation �et�een M�� in histolo�ical sections ofM�� in histolo�ical sections of in histolo�ical sections of  
cance� and si�e of the t�mo�� This findin� demonst�atedsi�e of  the t�mo�� This findin� demonst�ated� This findin� demonst�ated de�onstratedde�onstrated 
that contin�o�s release of  KAL in �ice co�ld s�ccessf�ll��KAL in �ice co�ld s�ccessf�ll�� in �ice co�ld s�ccessf�ll�� 
decrease the M�� in �C� t��ors�� there��� �lockin�� t��ors�� there��� �lockin� t��ors�� there��� �lockin� 
an�io�enesis effectivel���� Ki-�� �rotein is �idel�� kno�n Ki-�� �rotein is �idel�� kno�n�idel�� kno�n kno�n 
as an a��ro�riate and �sef�l �arker of the �roliferatin�a��ro�riate and �sef�l �arker of the �roliferatin� and �sef�l �arker of the �roliferatin��sef�l �arker of the �roliferatin� �arker of  the �roliferatin�the �roliferatin��roliferatin� 
fraction �ithin a �iven cell �o��lation�� Since Ki-��Since Ki-��Ki-�� 
ex�ression �rovides infor�ation on the �roliferatin� stat�s�roliferatin� stat�sin� stat�s 
of  the t��or cells�� it sho�ld �ive �ood insi�ht into thesho�ld �ive �ood insi�ht into the�ive �ood insi�ht into the�ood insi�ht into theinsi�ht into the 
effect of  treat�ent�� �he s�ccess of the c�rrent treat�ent�he s�ccess of  the c�rrent treat�ent 
�ethod la��s an i��ortant fo�ndation�� not j�st for coloncolon 
t��or treat�ent�� ��t also for anti-an�io�enic �ene thera�����

Miao et al fo�nd that h�man K��� si�nificant�y inhibitsfo�nd that h�man K��� si�nificant�y inhibitsthat h�man K��� si�nificant�y inhibitsK��� si�nificant�y inhibitssi�nificant�y inhibits 
�oth ����� and ������ ind�ced �roliferation�� �i�ration�� and ������ ind�ced �roliferation�� �i�ration��and ������ ind�ced �roliferation�� �i�ration�� ������ ind�ced �roliferation�� �i�ration�������� ind�ced �roliferation�� �i�ration�� ind�ced �roliferation�� �i�ration��ind�ced �roliferation�� �i�ration�� 
and adhesion of  �ri�ar�� c�lt�red h��an endothelial cells c�lt�red h��an endothelial cellsc�lt�red h��an endothelial cells 
in vitro�� and atten�ates �oth ����� and ������ ind�ced and ������ ind�cedand ������ ind�ced ������ ind�ced������ ind�ced 
increases in ca�illar�� densit�� and he�o�lo�in content in content incontent in 
s��c�taneo�sl�� i��lanted Matri�el �l��s in vivo[�]�]�� KAL is 
also a he�arin �indin� �rotein�� �he �ajor he�arin-�indin� �indin� �rotein�� �he �ajor he�arin-�indin��indin� �rotein�� �he �ajor he�arin-�indin� �rotein�� �he �ajor he�arin-�indin��rotein�� �he �ajor he�arin-�indin� 
domain �as identified in the �e�ion bet�een the �� he�ix in the re�ion �et�een the � helixin the re�ion �et�een the � helix 
and C� sheet of  KAL�� �hich contains cl�sters of �ositivel�� �hich contains cl�sters of �ositivel���hich contains cl�sters of  �ositivel�� 
char�ed resid�es�� KAL �a�� act ��� co��etin� �ith ����� co��etin� �ith �����co��etin� �ith ����� 
and ������ �indin� to he�aran-s�lfate �roteo�l��cans�� a �roteo�l��cans�� a�roteo�l��cans�� a 
lo� affinit��-�indin� site�� and th�s s���ressin� �����- �����-�����- 

and ������-�indin� activit�� and the an�io�enesis si�nalin� 
cascades ind�ced ��� ����� and ��������

As a �road-s�ectr�� an�io�enesis inhi�itor�� KALKAL 
inhi�its an�io�enesis �ediated ��� its he�arin-�indin� 
activit���� �hich is si�ilar to that of endostatinis si�ilar to that of endostatinsi�ilar to that of endostatin to that of  endostatin[��]�� It has It hasIt has 
�eco�e clear that vario�s �ro�th factors and l����hokines 
are req�ired to �ind to t�o distinct classes of  cell s�rface 
rece�tors to elicit a si�nal to elicit a si�nal[�4]�� In �an�� li�and-rece�tor 
s��ste�s�� li�ands �ind first to an a��ndant lo�-affinit��s �ind first to an a��ndant lo�-affinit�� �ind first to an a��ndant lo�-affinit�� 
rece�tor�� �hich dra�s the li�and onto the cell s�rface 
and then links it to a second�� hi�h-affinit�� rece�tor thatsecond�� hi�h-affinit�� rece�tor that-affinit�� rece�tor that 
transd�ces the si�nal into cells�� In addition�� KAL is a 
s�ecific serine �roteinase inhi�itor (ser�in) for h��an 
tiss�e kallikrein�� Like �las�in�� tiss�e kallikrein �a�� have 
a role in de�radin� extracell�lar �atrix to �ro�ote t��or 
invasion� O�� st�dy �es��ts confi�med K����s m��tif�nction�s ��ltif�nctions ��ltif�nction 
��r�ose for t��or inhi�ition��for t��or inhi�ition��

With the role of  an�io�enesis in t��or �ro�th and 
�ro�ression fir�l�� esta�lished�� considera�le efforts have fir�l�� esta�lished�� considera�le efforts havefir�l�� esta�lished�� considera�le efforts have 
�een directed to antian�io�enic thera��� as a ne� �odalit�� directed to antian�io�enic thera��� as a ne� �odalit��directed to antian�io�enic thera��� as a ne� �odalit�� 
to treat h��an cancers�� �here is ��ch enth�sias� for treat h��an cancers�� �here is ��ch enth�sias� fortreat h��an cancers�� �here is ��ch enth�sias� for 
the role that antian�io�enic a�ents �a�� �la�� in �reventive a�ents �a�� �la�� in �reventivea�ents �a�� �la�� in �reventive 
thera����� Nevertheless�� it is still �nclear �hether KALNevertheless�� it is still �nclear �hether KALt is still �nclear �hether KALis still �nclear �hether KAL �nclear �hether KALKAL 
can re�ress a t��or co��letel���� even after �rolon�ed 
t�eatment� �any �eade�s in the fie�d of an�io�enesis no� �any �eade�s in the fie�d of an�io�enesis no�any �eade�s in the fie�d of  an�io�enesis no� no�no� 
�elieve that so�e of  the �ost i��ortant f�t�re cancer 
thera�ies �a�� not co��letel�� eradicate all t��or cells in inin 
an individ�al�� ��t instead�� �a�� t�rn cancer into a chronic chronicchronic 
�ana�ea�le disease[5]5]]�� �ene thera��� strate�ies leadin� leadin�leadin� 
to increased �rod�ction of  endo�eno�s an�io�enesis 
inhi�itors �o�ld see� �erfectl�� s�ited to s���ort s�ch s�chs�ch 
an a��roach ��� ti��in� the �alance to�ard a �ore 
antian�io�enic state��

Antian�io�enic a��roaches sho�ld �e �reat l��sho�ld �e � reat l��� reat l�� 
enco�ra�ed�� since the ���A has recentl�� a��roved the�� since the ���A has recentl�� a��roved the the ���A has recentl�� a��roved thethe ���A has recentl�� a��roved thethe 
an�io�enesis inhi�itor avastin and the S���A a��roved 
endostatin�� Beca�se of the diffic�lties and hi�h costs�� Beca�se of the diffic�lties and hi�h costs Beca�se of  the diffic�lties and hi�h costs 
of  �an�fact�rin� n��ero�s endo�eno�s inhi�itors 
of  an�io�enesis�� and �eca�se of  the need for chronic 
ad�inistration of  these a�ents�� �ene thera��� re�ains an 
excitin� st�ate�y to ci�c�mvent these diffic��ties� 

AA� �ased vectors are no� �ein� �sed for clinical �ased vectors are no� �ein� �sed for clinicalvectors are no� �ein� �sed for clinical 
�ene t�ansfe� fo� cystic fib�osis�� hemophi�ia�� and �anavan�s cystic fib�osis�� hemophi�ia�� and �anavan�scystic fib�osis�� hemophi�ia�� and �anavan�s 
disease�� Altho��h reco��inant adenoviral vectors have Altho��h reco��inant adenoviral vectors haveAltho��h reco��inant adenoviral vectors have 
�een �tili�ed for a �ajorit�� of �oth �reclinical and clinical �tili�ed for a �ajorit�� of �oth �reclinical and clinical�tili�ed for a �ajorit�� of  �oth �reclinical and clinical 
trials in cancer �ene thera����� st�dies in ani�al �odels have havehave 
s���ested thera�e�tic �enefits for t��or treat�ent �sin� �sin��sin� 
AA� vectors vectorsvectors[�]�]�� �-cell �ediated c��toxicit�� to AA� vectors �ediated c��toxicit�� to AA� vectors�ediated c��toxicit�� to AA� vectors AA� vectorsAA� vectors vectorsvectors 
has not �een o�served even tho��h AA� vectors can ind�ce vectors can ind�cevectors can ind�ce 
stron� h��oral i���ne res�onses�� AA� can initiate lon�- AA� can initiate lon�-AA� can initiate lon�- can initiate lon�-can initiate lon�-
ter� trans�ene ex�ression and this transd�ction is attri��ted transd�ction is attri��tedtransd�ction is attri��ted 
to e�iso�al concata�er for�ation �itho�t inte�ration into �itho�t inte�ration into�itho�t inte�ration into 
the host chro�oso�e�� �herefore�� AA� vectors a��ear to �e vectors a��ear to �evectors a��ear to �e 
less ��ta�enic than other vir�s vectors�� With ne� serot���es than other vir�s vectors�� With ne� serot���es�� With ne� serot���es With ne� serot���esWith ne� serot���es ne� serot���esne� serot���es 
and the �otential to develo� tar�etin� vectors�� AA� holds AA� holdsAA� holds holdsholds 
�reat �ro�ise as a viral vector deliverin� thera�e�tic �enes thera�e�tic �enesthera�e�tic �enes 
s�ch as i���ne re��lation and antian�io�enesis �enes for 
cancer �ene thera����� 

In addition to AA� st�dies�� the �nderstandin� of ofof  
t��or develo��ent at the �iolo�ical and �olec�lar 
�iolo�ical level �ill lead to the discover�� of stron��� level �ill lead to the discover�� of stron���level �ill lead to the discover�� of  stron��� 
efficient�� and specific enhance�s�p�omote�s in t�mo� ce��s� specific enhance�s�p�omote�s in t�mo� ce��s�specific enhance�s�p�omote�s in t�mo� ce��s� 

Figure 3  Evaluation of microvessel density at 21 d after intratumor injection of 
rAAV-GFP (A) and rAAV-KAL (B) (×200).
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Utili�ation of re��lator�� s��ste�s �ill avoid the �ndesired re��lator�� s��ste�s �ill avoid the �ndesiredre��lator�� s��ste�s �ill avoid the �ndesired 
side effect of s��ste�ic trans�ene ex�ression delivered ��� s��ste�ic trans�ene ex�ression delivered ���s��ste�ic trans�ene ex�ression delivered ��� 
AA� vectors for i���ne-�od�lation and antian�io�enesis�� vectors for i���ne-�od�lation and antian�io�enesis��vectors for i���ne-�od�lation and antian�io�enesis�� i���ne-�od�lation and antian�io�enesis��i���ne-�od�lation and antian�io�enesis���� 
As �etter vectors are develo�ed�� co��ination strate�ies 
contin�e to evolve�� and there is increased �nderstandin� of  
the co��lex role that endo�eno�s an�io�enesis inhi�itors 
�la�� in t��or �ro�th�� Antian�io�enic �ene thera��� �ill 
certainl�� �e eval�ated in f�t�re clinical trials��

 COMMENTS
Background
Colon cancer is one of the most common cancers in the world, with a high 
propensity to metastasize. Surgical resection currently remains the only curative 
treatment for colon cancer. Since the majority of deaths with colon cancer result 
from metastatic disease, inhibition of growth and metastasis of colon cancer is 
expected to become an effective treatment. 

Research frontiers
Antiangiogenesis strategies have been increasing and have been proven to 
be an attractive strategy for colon cancer therapy, as they are less toxic than 
conventional chemotherapy and they have a lower risk of drug resistance. 
Antiangiogenesis strategies can also transiently ‘normalize’ structure and function 
of tumor vasculature to make it more efficient for drug delivery and increase 
the efficacy of conventional therapies. Encouragingly, recent studies have 
demonstrated it is feasible to complete inhibition of neovascular growth in tumors 
by attacking multi-angiogenesis mechanisms. 

Innovations and breakthroughs
There is growing evidence linking KAL to a role in the inhibition of angiogenesis. 
In contrast to previous reports that antiangiogenic inhibitors inhibited endothelial 
cells only, the results of this study clearly showed that KAL not only significantly 
inhibited VEGF and bFGF induced proliferation, migration, and adhesion of 
endothelial cells, but also suppressed the proliferation of tumor cells. The multi 
characteristics of KAL suggest that it is a promising candidate for a colon tumor 
angiogenesis inhibitor. 

Applications 
rAAV-mediated expression of KAL inhibits the growth of xenograft colon cancer by 
78% compared with controls. Lack of toxicity may favor the clinical use of rAAV-
KAL, thus demonstrating its potential in a range of clinical applications of therapy. 
Furthermore, rAAV-KAL may provide an effective form of therapy for other cancers 
in future. Elucidating the suppression of proliferation of tumor cells by KAL will 
provide a better understanding of the mechanism of cancer therapy. 

Terminology
Tumor angiogenesis: the proliferation of a network of blood vessels that penetrates 
into cancerous growths, supplying nutrients and oxygen and removing waste 
products. Tumor angiogenesis actually starts with cancerous tumor cells releasing 
molecules that send signals to surrounding normal host tissue.

Peer review
This paper provides sufficient and new data of KAL’s unique advantage for 
colon tumor treatment, and that a KAL based gene therapy has great potential 
therapeutic value.
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