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�UHDV�RI�K�SR[LD�LQ�VTXDPRXV�FHOO� FDUFLQRPDV�RI�WKH�RUDO�FDYLW��OHDG�WR�YDULRXV�DGDSWLYH�
PHFKDQLVPV� OLNH�DQDHURELF�JO�FRO�VLV��DOWHUHG�JHQH�H[SUHVVLRQ�DQG�GHYLDWLRQV� LQ� WKH�FHOOXODU�
SURWHRPH��7KHVH�PHFKDQLVPV�QRW�RQO��WKZDUW�FHOOXODU�GHDWK�EXW�HQDEOH�UDSLG�SURJUHVVLRQ�RI�
JURZWK�� FXOPLQDWLQJ� LQ� SRRU�SURJQRVLV���PRQJVW� D�ZLGH�QXPEHU� RI� ELRPDUNHUV�VWLPXODWHG�
E�� K�SR[LF� FRQGLWLRQV� LQ� RUDO� VTXDPRXV� FHOO� FDUFLQRPD� �26&&��� WKH�PRVW� QRWDEOH� RQHV� DUH�
K�SR[LD�LQGXFLEOH�IDFWRUV��+,)���YDVFXODU�HQGRWKHOLDO�JURZWK�IDFWRUV��9(*)��DQG�DTXDSRULQV�
��43���,Q�VHYHUDO�FDQFHUV��LQFOXGLQJ�26&&�LW�KDV�EHHQ�REVHUYHG� WKDW�+,)�SOD�V�WKH�UROH�RI�D�
FUXFLDO�WUDQVFULSWLRQDO�DFWLYDWRU��7KLV�OHDGV�WR�WKH�GRZQVWUHDP�H[SUHVVLRQ�RI�VHYHUDO�JHQHV�WKDW�
FRQWURO�WKH�SURFHVV�RI�WXPRXU�DQJLRJHQHVLV��7KH�PRVW�VLJQLILFDQW�RI�WKHVH�JHQHV�LV�9(*)��ZKLFK�
KDV�D�GRPLQDQW�UROH�DV�D�UHJXODWRU��JHQH�FRQWUROOLQJ�DQJLRJHQHVLV��9(*)V�DUH�D�GLYHUVH�IDPLO��
FRQVLVWLQJ� RI� ZKLFK� SULPDULO�� 9(*)��� KDV� DQ� HVVHQWLDO� UROH� LQ� UHJXODWLQJ� DQJLRJHQHVLV� LQ�
VSHFLILF�YDVFXODU�HQGRWKHOLDO�FHOOV��7KLV�LV�FULWLFDO�IRU�WKH�FHOOXODU�IXQFWLRQV�RI�FDQFHURXV�WLVVXHV�
WR�DGDSW�WR�K�SR[LF�FRQGLWLRQV��,Q�DGGLWLRQ��9(*)�KDV�DQ�LPPXQH�UHJXODWRU��SURSHUW���WKHUHE��
PRGXODWLQJ�LPPXQH�FHOO�DQWLWXPRXU�DFWLYLW����QRWKHU�SRWHQWLDO�ELRPDUNHU�LV��43��D�IDPLO��RI�
WUDQVPHPEUDQH�ZDWHU�FKDQQHO�SURWHLQV�� WKDW�SOD�V�D�UROH� LQ� WUDQVFHOOXODU�DQG� WUDQVHSLWKHOLDO�
ZDWHU�WUDQVSRUW��8QOLNH��43����43����43����43���DQG��43���ZKLFK�H[FOXVLYHO�� WUDQVSRUW�
ZDWHU���43����43����43���DQG��43���WUDQVSRUW�JO�FHURO�DQG�RWKHU�VPDOO�VROXWHV��DQG�VR�DUH�
WHUPHG�DV��DTXD�JO�FHURSRULQV���6WXGLHV�KDYH� LPSOLFDWHG��43� LQ� WKH�PROHFXODU�PHFKDQLVP�
RI� RQFRJHQHVLV� DFURVV� PDQ�� FDQFHUV�� ZKHUH� WKH�� KHOS� LQ� WKH� SUROLIHUDWLRQ� RI� FHOOV�� FHOOXODU�
PLJUDWLRQ��LQYDVLYHQHVV�DQG�DQJLRJHQHVLV�
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0DOLJQDQFLHV� RI� WKH� RUDO� FDYLW�� DUH� D� JOREDO�
EXUGHQ� DQG� IHDWXUH� LQ� WKH� WRS� WHQ�� ZLWK�

DSSUR[LPDWHO������PLOOLRQ�IUHVK�FDVHV�DQQXDOO����V�
SHU�:+2��*/2%2&�1�������WKH�FRPPRQ�YDULHW��
�DSSUR[LPDWHO�� ����� LV� VTXDPRXV� FHOO� FDQFHUV��
ZKLFK� DFFRXQW� IRU� DSSUR[LPDWHO�� ����� PLOOLRQ�
GHDWKV�SHU��HDU��,W� LV�HVWLPDWHG�WKDW�EHWZHHQ������
DQG�������WKHUH�ZRXOG�EH��������ULVH�LQ�WKH�QXPEHU�
RI�FDVHV�RI�26&&��,W�LV�DODUPLQJ�WR�QRWH�WKDW�,QGLD�
DFFRXQWV� IRU�QHDUO��RQH�RXW� RI� IRXU�RI�DOO� FDVHV�RI�
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26&&��ZLWK����WKRXVDQG�QHZ�FDVHV�DQG����WKRXVDQG�
GHDWKV�DQQXDOO������7KH�DODUPLQJ�PDJQLWXGH�RI�WKLV�
problem� is� re�ected� by� the� fact� that� more� than�
����RI�SDWLHQWV� DWWHQGLQJ�+HDG�DQG�1HFN�&DQFHU�
&OLQLF� RI� DQ�� WHUWLDU�� FDUH� LQVWLWXWH� LQ� ,QGLD� KDYH�
ORFDOO��DGYDQFHG�GLVHDVH��DQG�GXH�WR�WKH�ODWH�VWDJH�
RI� GHWHFWLRQ�� ���HDUV� VXUYLYDO� UDWH� LV� DW� D� GLVPDO�
��������26&&�RULJLQDWHV�DW�WKH�XSSHU�DHURGLJHVWLYH�
WUDFW� PXFRVDO� OLQLQJ� HSLWKHOLXP�� %HLQJ� KLJKO��
DJJUHVVLYH� WKHVH� FDXVH� VHYHUH� GHVWUXFWLRQ� DERYH�
WKH� FODYLFOH�� GHYHORSLQJ� O�PSK� QRGH� PHWDVWDVLV�
HDUO�� DQG� GLVWDQW�PHWDVWDVLV� RYHU� WLPH� HYHQ� DIWHU�
WKHUDS��� 3K�VLRORJLFDO� K�SR[LD� LV� UHVSRQVLEOH�
IRU� D� PXOWLWXGH� RI� FKDQJHV� VXFK� DV� SURPRWLQJ�
DQJLRJHQHVLV�� HU�WKURSRLHVLV�� DQG� JO�FRO�VLV�� 7KH�
FHOOXODU� UHVSRQVHV� DUH� D� UHVXOW�RI� WKH� IRUPDWLRQ�RI�
UHDFWLYH�R[�JHQ�VSHFLHV�DW�WKH�PLWRFKRQGULDO�OHYHO��
'DPDJHG�PLWRFKRQGULD�FDQ�DOVR�LQGXFH�PLWRSKDJ��
DQG�PLWRFKRQGULDO�G�VIXQFWLRQ�FDQ�KDYH�DQ�LPSDFW�
RQ�VHYHUDO�ELRORJLFDO�SURFHVVHV�DQG�KDV�HPHUJHG�DV�
D�SURPLQHQW�VLJQDWXUH�RI�PHWDEROLF��FDUGLRYDVFXODU��
in�ammatory,� and� neurodegenerative� diseases;�
FDQFHU�� DQG� PDQ�� DJH�UHODWHG� GLVHDVHV��� 'DWD�
REWDLQHG�LQ�WKH�SDVW�WZR�GHFDGHV�KDYH�VKRZQ�WKDW�
���� WR� ���� RI� ORFDOO�� DGYDQFHG� VROLG� WXPRXUV�
H[KLELW�K�SR[LF�RU�DQR[LF�DUHDV��WKDW�UHVXOW�IURP�DQ�
LPEDODQFH� EHWZHHQ� WKH� VXSSO�� DQG� FRQVXPSWLRQ�
RI� R[�JHQ�� +�SR[LD� OHDGV� WR� FKDRWLF� YDVFXODWXUH��
blood��ow�is�affected,�and�abnormalities�in�tumour�
PLFURYHVVHOV� RYHU� DQ� H[FHVVLYHO�� DJJUHVVLYHO��
JURZLQJ� WXPRXU�� �� K�SR[LF� HQYLURQPHQW� VKDSHV�
WKH�WXPRXU�PLFURHQYLURQPHQW�DOVR�SOD�LQJ�D�PDMRU�
UROH�LQ�WXPRXU�JURZWK�DQG�SURJUHVVLRQ��(SLWKHOLDO�
PHVHQFK�PDO�WUDQVLWLRQ�LV�PHGLDWHG�E��+,)���ZKLFK�
DFWLYDWHV� YDULRXV� WUDQVFULSWLRQ� UHSUHVVRUV��� 7KH�
K�SR[LF�70(�WULJJHUV�YDULHG�PROHFXODU�UHVSRQVHV��
7KHVH�UHVSRQVHV�SURPRWH�WXPRXU�SURJUHVVLRQ�DQG�
FRQIHU� UDGLDWLRQ� UHVLVWDQFH� DQG� FKHPRUHVLVWDQFH�
WR�WXPRXUV����7KH�SUHGRPLQDQW�PROHFXOHV�WKDW�DUH�
DVVRFLDWHG�ZLWK�K�SR[LD�UHVHDUFK�DUH�WKH�K�SR[LD�
LQGXFLEOH�IDFWRUV��+,)V��

��I�����VWHP

6WUXFWXUDOO��+,)���LV�D�KHWHURGLPHU�FRQVLVWLQJ�RI�
HIF-1β�subunit�along�with�one�HIF-1α�subunit.� It�
KDV�WZR�EDVLF�KHOL[�ORRS�KHOL[�SURWHLQV��EKOK��RI�WKH�
3�6�IDPLO���3(5���+5���517�DQG�6,0�IDPLO���������
HIF� system� consists� of� α� and� � βsubunits,� with�
three�isoforms�of�the�α�subunit,�viz.�HIF-1α,�which�
LV�XELTXLWRXVO��H[SUHVVHG� LQ� DOO� FHOOV�� DQG�SOD�V� D�
GRPLQDQW�UROH�XQGHU�K�SR[LF�FRQGLWLRQV��,Q�FRQWUDVW��
HIF-2α�and�HIF-3α�have�tissue-speci�c�expression.�
HIF-2α� is� an� upregulator� of� genes� involved� in�
controlling� redox� metabolism,� unlike� HIF-3α,�

which� downregulates� through� a�HIF-1α� inhibitor�
PHGLDWRU����8QGHU�QRUPR[LF�FRQGLWLRQV��+,)�SURO�O�
K�GUR[�ODVHV� GRPDLQ�FRQWDLQLQJ� HQ]�PHV� �3+'��
inactivate�HIF-1α.�In�contrast,�under�hypoxia,�PHD�
is� inhibited� which� increases� the� level� of� HIF-1α�
ORFDWHG� RQ� FKURPRVRPH� ��� ���T���T���� DQG� WKHQ�
drives�it�to�heterodimerise�with�HIF-1�βor�the�aryl�
K�GURFDUERQ�UHFHSWRU�QXFOHDU�WUDQVORFDWRU����517��
DQG�ELQGV�WR�K�SR[LD�UHVSRQVH�HOHPHQWV��+5(V��LQ�
WKH�JHQRPH����This�stabilisation�of�HIF-1α�activates�
PXOWLSOH� JHQHV�� LQFOXGLQJ�9(*)�� WKH�GRZQVWUHDP�
HIIHFW� RI� ZKLFK� FRQWUROV� UHGR[� KRPHRVWDVLV� DQG�
WKHUHE�� DQJLRJHQHVLV� DQG� YDVFXODU� UHPRGHOOLQJ��
DORQJ� ZLWK� VXUYLYDO�� JURZWK�� PHWDEROLVP��
H[WUDFHOOXODU�PDWUL[�IXQFWLRQ�DQG�WXPRXU�LPPXQLW���
�� PDMRU� HYHQW� LQ� PHWDVWDVLV� LQYROYHV� HSLWKHOLDO�
mesenchymal� transition� (EMT)� in� OSCC.� HIF-1α�
and�β-catenin�are�the�downstream�mediators�of�the�
(07�SURFHVV�RI�26&&������GLVWXUEHG�H[WUDFHOOXODU�
matrix�regulated�by�HIF-Iα� is�an� important� factor�
LQ�WKH�(07�RI�WXPRXU�FHOOV����SURJQRVWLFDWRU�UROH�
for�HIF-1α� as�well� as�HIF-2α� isoforms� for� OSCC�
GHYHORSPHQW� DQG� PHWDVWDVLV� ZDV� VXJJHVWHG� E��
4LDQ�DQG�FR�ZRUNHUV����7KH�RYHU�H[SUHVVLRQ�RI�+,)�
1α� could� be� used� as� a� marker� for� distinguishing�
KHDOWK�� PXFRVD�� SUHFXUVRU� OHVLRQV� DQG� 26&&��
2UDO�HSLWKHOLDO�G�VSODVWLF�OHVLRQV�ZLWK�DQ�LQFUHDVHG�
HIF-1α�expression�had�a�greater�risk�of�malignant�
WUDQVIRUPDWLRQ�� 7KLV� LPPHGLDWHO��� VXJJHVWHG� WKDW�
HIF-1α� is� expressed� early� in� oral� carcinogenesis.�
miRNAs� also� have� been� identi�ed� which� have�
EHHQ� DVVRFLDWHG�ZLWK�26&&�DQG�PLJKW� VHUYH� DV� D�
SRWHQWLDO� ELRPDUNHU������� PL5���� LV� XSUHJXODWHG�
DQG� LW� DIIHFWV� VQDLO�� YLPHQWLQ� H[SUHVVLRQ� ZKLOH�
signi�cantly� decreasing� Ecadherin� expression� in�
26&&���� VXJJHVWLQJ� WKDW�PL5���� LV� QRW� RQO�� +,)�
DVVRFLDWHG�EXW�LV�DOVR�D� UHOHYDQW�LQLWLDWRU�IRU�(07��
There� exists� a� complex� crosstalk� between�HIF-1α�
dependent� and� HIFI-α� independent� pathways�
ZLWK�D�UROH�RI�PL51��LQ�K�SR[LD�LQGXFHG�FHOOXODU�
PHWDEROLF�FKDQJHV�

�DVF�ODU�(�GRWKHO�DO��UR�WK�)DFWRU���(�)�

6WUXFWXUDOO�� 9(*)� LV� D� ������ N'D� GLPHULF�
JO�FRSURWHLQ� DQG� LV� D� GLYHUVH� JURXS� FRQVLVWLQJ�
RI� 9(*)��� WR� '� DORQJ� ZLWK� SODFHQWDO� JURZWK�
IDFWRU����8QOLNH�9(*)���DQG�9(*�%��ZKLFK�KHOS�LQ�
WKH� JURZWK�RI� QHZ�EORRG�YHVVHOV� LQ� WXPRXU� FHOOV��
9(*)�&� SURPRWHV� WKH� JHQHUDWLRQ� RI� O�PSKDWLF�
YHVVHOV���� 9(*)� EULQJV� DERXW� DQJLRJHQHVLV� E��
LQFUHDVLQJ� WKH� IRUPDWLRQ� RI� FROODWHUDO� YHVVHOV� RU�
QHRYDVFXODUL]DWLRQ�� DV� VHHQ� LQ� LVFKHPLD� RI� WKH�
P�RFDUGLXP�DQG�UHWLQD��DQG�DOVR�LQ�WKH�JURZWK�RI�
FDQFHU�FHOOV��,W�HQKDQFHV�WKH�SHUPHDELOLW��RI�YDVFXODU�
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FKDQQHOV� DQG� DOVR� LQFUHDVHV� WKH� SUROLIHUDWLRQ� RI�
HQGRWKHOLDO�FHOOV����+LJKHU�H[SUHVVLRQ�RI�9(*)�KDV�
EHHQ�VHHQ� LQ�SDQFUHDV����FRORUHFWXP����EUHDVW���DQG�
JDVWULF� PDOLJQDQFLHV���� 9(*)� SURWHLQ� RU� P51��
PD�� DOVR� EH� D� JRRG� PDUNHU� IRU� WKH� SUHGLFWLRQ�
RI� RUDO� FDQFHU� SURJUHVVLRQ� DQG� SURJQRVLV��
9(*)P51�� H[SUHVVLRQ� ZDV� VKRZQ� WR� EH� KLJK�
E�� UHDO�WLPH� 3&5�����QRWKHU� JURXS� GHPRQVWUDWHG�
D� SRVLWLYH� FRUUHODWLRQ� EHWZHHQ� 9(*)� H[SUHVVLRQ�
LQ�26&&� WLVVXH� DQG� O�PSK�QRGH�PHWDVWDVLV���� �Q�
,QGLDQ� VWXG�� KDV� FRPSDUHG� WKH� VHUXP� OHYHOV� RI�
9(*)��� LQ� 26&&� ��������“�������� SJ�PO�� ZLWK�
SUHPDOLJQDQW� RUDO� OHVLRQV� �������“������� SJ�PO��
DQG� FRQWUROV� �������“������� SJ�PO��� ,W� KLJKOLJKWV�
WKDW� 9(*)��� OHYHOV� RI� 26&&� SDWLHQWV� ZHUH�
FRPSDUDWLYHO��KLJKHU�WKDQ�QRUPDO����7KH�UHFHSWRUV�
IRU�9(*)��DUH�9(*)5��DQG�9(*)5���7KH�W�URVLQH�
NLQDVH� DFWLYLW�� RI� 9(*)5�� LV� ZHDN� FRPSDUHG� WR�
9(*)5����� 7KH� VLJQDOOLQJ� SDWKZD�V� DFWLYDWHG� E��
9(*)5� LQFOXGH� H[WUDFHOOXODU� VLJQDO�UHJXODWHG�
NLQDVH�PLWRJHQ�DFWLYDWHG� SURWHLQ� NLQDVH� DQG�
SKRVSKRLQRVLWLGH� �� NLQDVH��.7����8QGHU�K�SR[LF�
VWUHVV��+,)��DOSKD�GULYHV� WKH� JHQHUDWLRQ� RI� 9(*)�
OHYHOV������� thus�any� alteration� either�of� the�HIF-1α�
gene�or�of�the�downstream�HIF-1�α�pathway�tends�
WR� GLPLQLVK� 9(*)� OHVV�� ZKLFK� FDVFDGHV� LQWR� WKH�
VXSSUHVVLRQ�RI�QHRYDVFXODULVDWLRQ�DQG�DOVR�WXPRXU�
JURZWK�DQG�VSUHDG���

�T�DSRU��V

�43V� DUH� SDUW� RI� D� ODUJH� IDPLO�� RI� PDMRU�
LQWULQVLF� SURWHLQV� �0,3V����� �43V� EHORQJ� WR� D�
IDPLO��RI�PHPEUDQH� FKDQQHO�SURWHLQV���43��ZDV�
the��rst� to�be�characterised�as�a�membrane�water�
FKDQQHO���� (OHFWURSK�VLRORJ�� DQG� VLWH�GLUHFWHG�
mutagenesis� have� proven� useful� in� de�ning�
WKH� PROHFXODU� GRPDLQV� LQYROYHG� LQ� JDWLQJ� DQG�
PRGXODWLRQ� RI� �43� LRQ� FKDQQHO� DFWLYLW��� �43��
FHQWUDO� SRUH� KDV� D� IRXU�IROG� D[LV� RI� V�PPHWU�� LQ�
the� tetramer� for� cation� conduction.� Water� �uxes�
RFFXU� E�� VHSDUDWH� GLVWLQFW� SRUHV� WKDW� DUH� ORFDWHG�
LQ� HDFK� RI� WKH� VXEXQLWV� RI� WKH� WHWUDPHU���� +XPDQ�
�43�� LV� D� QRQ�VHOHFWLYH� PRQRYDOHQW� FDWLRQ�
FKDQQHO� DFWLYDWHG� E�� LQWUDFHOOXODU� F�FOLF� *03��
�43V� KDYH� DQ� LPSRUWDQW� UROH� LQ�PDLQWDLQLQJ� WKH�
FHOOXODU� HQYLURQPHQW� E�� IDFLOLWDWLQJ� WKH� WUDQVSRUW�
RI� ZDWHU�� PROHFXOHV�� DQG� LRQV�� �TXDSRULQV� DUH�
SUHVHQW� LQ� YDULRXV� WLVVXHV� WKURXJKRXW� WKH� ERG���
LQFOXGLQJ� NLGQH�V�� OXQJ� DLUZD�V�� H�HV�� EUDLQ��
JODQGV��DQG�YDVFXODU�V�VWHPV��2XW�RI���������43V�
have�been�identi�ed.���%DVHG�RQ�WKHLU�SHUPHDELOLW��
SURSHUWLHV� WKHVH� KDYH� EHHQ� JURXSHG� LQWR� WZR�
PDMRU�FDWHJRULHV���43�����������������������DUH�ZDWHU�
VHOHFWLYH� FKDQQHOV� EXW� DUH� SHUPHDEOH� WR� JDVHV��

XUHD�� DPPRQLD�� K�GURJHQ� SHUR[LGH�� DQG� LRQV����
7KH� RWKHU� FDWHJRU�� LQFOXGHV� DTXDJO�FHURSRULQV�
�43������DQG�����7KH��DUH�SHUPHDEOH� WR�JO�FHURO��
VPDOO� VROXWHV�� DQG� ZDWHU���� �� KLJKO�� FRQVHUYHG�
SDLU� RI� VHTXHQFHV� RI� DVSDUJLQH�SUROLQH�DODQLQH�
�13��� ER[HV�� IRUP� D� SRUH�� +RZHYHU�� WKLV� PD��
QRW� EH� SUHVHQW� LQ� VRPH� XQRUWKRGR[��43V�� 7KHVH�
FDQQRW� EH� JURXSHG�ZLWK� WKH� RWKHU� WZR� FDWHJRULHV�
FODVVLFDO� �43V� DQG� DTXDJO�FHURSRULQV�� 6XSHU�
DTXDSRULQV���43�����������GLVWLQJXLVKHG�IRU�WKHLU�
VXEFHOOXODU� ORFDOL]DWLRQ� DQG� DW�SLFDO� SHUPHDELOLW��
SURSHUWLHV�� DUH� OHVV� KRPRORJRXV� ZLWK� RWKHU�
DTXDSRULQV���� 6RPH� �43V� DUH� UHODWHG� WR� ZDWHU�
transport�such�as��uid�secretion,��uid�absorption,�
DQG� FHOO� YROXPH� UHJXODWLRQ�� DQG� WKH� RWKHUV� DUH�
QRW� GLUHFWO�� UHODWHG� WR� ZDWHU� WUDQVSRUW� VXFK� DV�
FHOO� DGKHVLRQ�� FHOO� PLJUDWLRQ�� FHOO� SUROLIHUDWLRQ��
and� cell� differentiation.� The� �rst� AQP� to� be�
UHSRUWHG� LQ� PDPPDOV� LV� �43���� ZKLFK� ZDV�
LQLWLDOO�� REVHUYHG� LQ� HU�WKURF�WHV� DQG� WXEXOHV� RI�
WKH� NLGQH�����DQG� ODWHU� LQ�D�PXOWLWXGH�RI� ORFDWLRQV�
OLNH� WKH� HQGRWKHOLXP� RI� FRUQHD�� VSLQDO� FRUG� �LQ�
the�C-�bres),�the�choroidal�plexus�and�in�vascular�
HQGRWKHOLXP���� 6WUXFWXUDOO�� �43��� LV� D� PRQRPHU�
RI� ��� N'D� SURWHLQ� PDGH� RI� �� WLWOHG� DOSKD�KHOLFDO�
GRPDLQ��+��+���OLQNHG�E����ORRSV����(���ZKLFK�LQ�
WXUQ�IRUPV�D�WHWUDPHU�DFURVV�WKH�SODVPD�PHPEUDQH��
:DWHU� DQG� VROXWHV� DUH� FDUULHG� DFURVV� WKH� ZDWHU�
FKDQQHO�RI��43���IRUPHG�E��ORRSV�ORFDWHG�LQ�/RRS�
%�DQG�(��ZKLOH�JDV�DQG�LRQV�WUDYHO�DFURVV�WKH�FHQWUDO�
SRUH�RI�WKH�KRPRWHWUDPHU�������7XPRXU�FHOOV�VKRZLQJ�
LUUHJXODU� SDWWHUQV� RI� JURZWK� DQG�PHWDVWDVLV� KDYH�
modi�ed�cellular�metabolic�pathways�that�depend�
largely�on�AQPs�for�osmotic�water��ux.�Expression�
RI� �43�� LV� VHHQ� LQ� QRUPDO� DVWURF�WHV�� EXW� OLWWOH�
RU� QR��43�� DQG��43���7KHUH� LV� QRZ�VXEVWDQWLDO�
HYLGHQFH� IURP� GLIIHUHQW� LQYHVWLJDWRUV� WKDW� �43���
�43�� DQG� �43�� DUH� VWURQJO�� H[SUHVVHG� LQ�
DVWURF�WRPDV���� �43� H[SUHVVLRQ� LV� XSUHJXODWHG�
LQ� HSLWKHOLDO� RYDULDQ� WXPRXUV�� �43�� DQG� �43��
H[SUHVVLRQ� LQ� PDOLJQDQW� DQG� ERUGHUOLQH� WXPRXUV�
LV� PXFK� PRUH� FRPSDUHG� ZLWK� EHQLJQ� WXPRXUV�
DQG�QRUPDO� RYDULDQ� WLVVXH�ZLWK��43��H[SUHVVLRQ�
OHYHO� SRVLWLYHO�� FRUUHODWLQJ� ZLWK� WXPRXU� JUDGH��
�43� �� DQG� �43�� KDYH� D� UROH� LQ� EUDLQ� WXPRXU�
RHGHPD� LQ� DVWURF�WRPDV���� �43� RYHU� H[SUHVVLRQ�
LV� DOVR� VHHQ� WR� IDFLOLWDWH� FHOO� PLJUDWLRQ� WRZDUGV�
FKHPRWDFWLF�VWLPXOXV���43V�DOVR�IDFLOLWDWH�WKH�UDSLG�
FKDQJHV�LQ�FHOO�VKDSH�WKDW�WDNH�SODFH�DV�D�PLJUDWLQJ�
FHOO� VTXHH]HV� WKURXJK� WKH� WRUWXRXV� H[WUDFHOOXODU�
VSDFH���� �43V� KDYH� EHHQ� SURSRVHG� WR� KDYH� DQ�
RVPRWLF� HQJLQH� PRGHO�� FDXVLQJ� FHOO� PLJUDWLRQ�
through�con�ned�micro-spaces�without�the�need�for�
DFWLQ�GHSRO�PHUL]DWLRQ�SRO�PHUL]DWLRQ�RU�P�RVLQ�
,,�PHGLDWHG�FRQWUDFWLOLW������43��LV�DVVRFLDWHG�ZLWK�
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WXPRXU�DQJLRJHQHVLV��%��EULQJLQJ�DERXW�HQGRWKHOLDO�
FHOO� PLJUDWLRQ� �43�� SOD�V� DQ� LPSRUWDQW� UROH� LQ�
QHRDQJLRJHQHVLV���43�� DQG��43�� SOD�� D� UROH� LQ�
WXPRXU�FHOO�SUROLIHUDWLRQ���43��PLJKW�LQWHUDFW�ZLWK�
WKH�5DV�SDWKZD��LQ�FRORQ�FDQFHU�����43��LQ�FHOO�FHOO�
DGKHVLRQ� ZDV� DOVR� SURSRVHG� EDVHG� RQ� VWUXFWXUDO�
FRQVLGHUDWLRQV�����43��ZDV� UHSRUWHG� WR�EH�KLJKO��
H[SUHVVHG� LQ� OXQJ� DGHQRFDUFLQRPD���� FRORUHFWDO�
FDUFLQRPD���� RHVRSKDJHDO� DQG� RUDO� 6&&���� �43��
LQ� K�SR[LF� VHWWLQJV� LV� OLQNHG� WR� OHVVHU� LQYDVLYH�
26&&�FKDUDFWHULVWLFV����,Q�RQH�RI�WKH�VWXGLHV�VL51��
ZDV� XVHG� WR� LQKLELW� �43�� IXQFWLRQ� LPSO�LQJ� DQ�
LQQRYDWLYH�UROH�LQ�WKH�26&&�WUHDWPHQW�����43��KDV�
D�UROH�LQ�OXQJ�FDQFHU�YLD�WKH�9(*)�SDWKZD���,W�DOVR�
KDV�DQ�RHVWURJHQ�UHFHSWLYH�FRPSRQHQW�ZLWK�D� UROH�
in� breast� carcinoma,�AQP5�play� a� signi�cant� role�
LQ� FDUFLQRJHQHVLV� DQG� WXPRXU� SURJUHVVLRQ�� �43��
LV� FRQQHFWHG� ZLWK� EUHDVW� FDQFHU� FHOO� SUROLIHUDWLRQ�
DQG� FHOO� PLJUDWLRQ���� �� SRVLWLYH� FRUUHODWLRQ�
EHWZHHQ� �43�� DQG� .L���� H[SUHVVLRQ� OHYHOV� DQG�
WKH�LQYROYHPHQW�RI�O�PSK�QRGHV�LQ�FHUYLFDO�FDQFHU��
ZDV�REVHUYHG���43�� VXSSUHVVLRQ�ZDV� DOVR� IRXQG�
WR� LPSHGH� FHOO� SUROLIHUDWLRQ� LQ� D� WRQJXH� 6&&� FHOO�
OLQH�� 3URVSHFWLYH� WKHUDSHXWLFV� ZRXOG� LQYROYH�
speci�c�monoclonal�antibodies�against�AQP,�gene�
therapy,� and� speci�c� AQP� inhibitors.� The� role� of�
aquaglyceoporins� in� glycerol� traf�cking� in� cell�
JURZWK� DV� ZHOO� DV� RQFRJHQHVLV� DOVR� PDNHV� WKHP�
SRWHQWLDO�WDUJHWV�IRU�WKHUDSHXWLFV�

&21&/86,21

2YHUDOO�� D� PXOWL�GLPHQVLRQDO� DSSURDFK� LV�
UHTXLUHG� WR� FRPSUHKHQG� WKH� FRPSOH[� LQWHUDFWLRQ�
EHWZHHQ� +,)�� 9(*)� DQG� �43� DQG� XQGHUVWDQG�
WKH� PHFKDQLVP� RI� DQJLRJHQHVLV� LQ� 26&&�� XQGHU�
D� K�SR[LF� PLOLHX�� DQG� DOVR� WR� DVVHVV� LQWHUDFWLRQV�
ZLWK� RWKHU� SDWKZD�V� RI� WXPRXU� ELRORJ��� OLNH�
FHOO� DGKHVLRQ�� FHOOXODU� SUROLIHUDWLRQ�� DQG� FHOOXODU�
PLJUDWLRQ����FRPSUHKHQVLYH�XQGHUVWDQGLQJ�RI�WKHVH�
would� accelerate� the� identi�cation� of� biomarkers�
IRU� WKH� HDUO�� GHWHFWLRQ� RI� 26&&�� ZKLFK� ZRXOG�
QRW� RQO�� PDNH� FDQFHU� GLDJQRVLV� PRUH� DIIRUGDEOH�
DQG� DFFHVVLEOH� WR� WKH� PDVVHV� RI� WKH� FRXQWU�� EXW�
DOVR�IRUP�WKH�IRXQGDWLRQ�IRU�GHYHORSLQJ�WKHUDSHXWLF�
WDUJHWV�

5()(5(1&(6

��� *XSWD�%��%UD��)��.XPDU�1��-RKQVRQ�1:���VVRFLDWLRQV�
EHWZHHQ� RUDO� K�JLHQH� KDELWV�� GLHW�� WREDFFR� DQG�
DOFRKRO�DQG�ULVN�RI�RUDO�FDQFHU��D�FDVH�FRQWURO�VWXG��
IURP�,QGLD��&DQFHU�(SLGHPLRO��������������

��� �/DSULVH�&��6KDKXO�+3��0DGDWKLO�6���7KHNNHSXUDNNDO�
�6�� &DVWRQJXD�� *�� 9DUJKHVH� ,� HW� DO�� 3HULRGRQWDO�
GLVHDVHV�DQG�ULVN�RI�RUDO�FDQFHU� LQ�6RXWKHUQ� ,QGLD��
UHVXOWV�IURP�WKH�+H1&H�/LIH�VWXG���,QW�-�&DQF�������
�����������

��� 6KDUPD�6��6DW�DQDUD�DQD�/���VWKDQD�6��6KLYDOLQJHVK�
..�� *RXWKDP� %6�� 5DPDFKDQGUD� 6�� 2UDO� FDQFHU�
VWDWLVWLFV� LQ� ,QGLD�RQ� WKH�EDVLV� RI� ILUVW� UHSRUW� RI� ���
SRSXODWLRQ�EDVHG�FDQFHU�UHJLVWULHV��-�2UDO�0D[LOORIDF�
3DWKRO���������������

��� 0DWKXU�3��6DWKLVKNXPDU�.��&KDWXUYHGL�0��'DV�3��
6XGDUVKDQ�./��6DQWKDSSDQ�6�HW�DO�� ,&05�1&',5�
1&53� ,QYHVWLJDWRU�*URXS��&DQFHU� 6WDWLVWLFV�� ������
5HSRUW�)URP�1DWLRQDO�&DQFHU�5HJLVWU��3URJUDPPH��
,QGLD��-&2�*ORE�2QFRO�����������������

��� ,&05�1DWLRQDO�&HQWUH�IRU�'LVHDVH�,QIRUPDWLFV�DQG�
5HVHDUFK�� 5HSRUW� RI� WKH� +RVSLWDO�%DVHG� &DQFHU�
5HJLVWULHV��������%HQJDOXUX��,&05�1DWLRQDO�&HQWUH�
IRU� 'LVHDVH� ,QIRUPDWLFV� DQG� 5HVHDUFK�� KWWSV���
QFGLULQGLD�RUJ��OOB5HSRUWV�+%&5B�����'DWH�
DFFHVVHG�����������

��� +RPL� %KDEKD� &DQFHU� +RVSLWDO�� +RVSLWDO�%DVHG�
&DQFHU� 5HJLVWU�� �QQXDO� 5HSRUW� �6DQJUXU�� +RPL�
%KDEKD�&DQFHU�+RVSLWDO���������3')�'DWH�DFFHVVHG��
���������

��� %DUED��OLDJD� 0�� �OHSX]� 3�� 5ROH� RI� H,)��� LQ�
0LWRFKRQGULDO�)XQFWLRQ��,QW�-�0RO�6FL���������������

��� 9DXSHO�3��0D�HU����+�SR[LD�LQ�FDQFHU��6LJQLILFDQFH�
DQG�LPSDFW�RQ�FOLQLFDO�RXWFRPH��&DQFHU�0HWDVWDVLV�
5HY����������������

��� /LDQJ�;��=KHQJ�0��-LDQJ�-��=KX�*���DQJ�-��7DQJ����
+�SR[LD�LQGXFLEOH� IDFWRU��� DOSKD�� LQ� DVVRFLDWLRQ�
ZLWK� 7:,67�� DQG� 61,3��� LV� D� FULWLFDO� SURJQRVWLF�
IDFWRU� LQ� SDWLHQWV� ZLWK� WRQJXH� VTXDPRXV� FHOO�
FDUFLQRPD��2UDO�2QFRO��������������

���� -RVHSK�-3��+DULVKDQNDU�0.��3LOODL����HW�DO��+�SR[LD�
LQGXFHG� (07�� �� UHYLHZ� RQ� WKH� PHFKDQLVP� RI�
WXPRXU�SURJUHVVLRQ�DQG�PHWDVWDVLV�LQ�26&&��2UDO�
2QFRO����������������

���� 6XPHUD� 6�� �OL� ��� �RXVXI]DL� �0�� 'XUUDQL=��
�ORULQL� 0�� �OHHP� %� HW� DO�� 2YHUH[SUHVVLRQ� RI�
Hypoxia-Inducible�Factor-1α�and�Its�Relation�with�
�JJUHVVLYHQHVV�DQG�*UDGH�RI�2UDO�6TXDPRXV�&HOO�
&DUFLQRPD�'LDJQRVWLFV�������������

���� Weidemann�A,�Johnson�R�S.�Biology�of�HIF-1α.�Cell�
'HDWK���'LIIHUHQWLDWLRQ����������������

���� 3HUH]�6D�DQV�0��6XDUH]�3HQDUDQGD�-0��*D�RVR�GL]�
3��%DUURV��QJXHLUD�)��*DQGDUD�5H���*DUFLD�*DUFLD�
��� +�SR[LD�LQGXFLEOH� IDFWRUV� LQ� 26&&�� &DQFHU�
/HWWHUV��������������

���� 0DMXPGDU� �-�� :RQJ� :-�� 6LPRQ� 0&�� +�SR[LD�
,QGXFLEOH� )DFWRUV� DQG� WKH� 5HVSRQVH� WR� +�SR[LF�
6WUHVV�0RO�&HOO������������������

���� =KDQJ� 6�� =KRX� ;��:DQJ� %�� =KDQJ� .�� /LX� 6�� �XH�
.� HW� DO�� /RVV� RI� 9+/� H[SUHVVLRQ� FRQWULEXWHV� WR�
HSLWKHOLDOPHVHQFK�PDO�WUDQVLWLRQ�LQ�RUDO�VTXDPRXV�
FHOO�FDUFLQRPD��2UDO�2QFRO�����������������

%LSDVKD�0XNKHUMHH��'HHSDOL�9LGKDWH��3UDEDO�'HE��H��D�����FRPSUHKHQVLYH�5HYLHZ�RI�%LRPDUNHUV�RI�
+�SR[LD�LQ�2UDO�6TXDPRXV�&HOO�&DUFLQRPD
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���� -LDQJ�4��;X�:��:DQJ�=��=RX�=��+DQ�:��+�SR[LD�
LQGXFLEOH�IDFWRU����SRWHQWLDO�SURJQRVWLF�ELRPDUNHU�
LQ�RUDO�VTXDPRXV�FHOO�FDUFLQRPD��7XPRXU�%LRO�������
������������

���� +H�/��3LQJ�)�� )DQ�=��=KDQJ�&��'HQJ�0��&KHQJ�%�
HW� DO�� 6DOLYDU�� H[RVRPDO� PL5�����S� VHUYHV� DV� D�
SRWHQWLDO� GHWHFWLYH� ELRPDUNHU� IRU� RUDO� VTXDPRXV�
FHOO� FDUFLQRPD� VFUHHQLQJ�� %LRPHG� 3KDUPDFRWKHU�
����������������

���� 0RPHQ�+HUDYL�)��7UDFKWHQEHUJ����.XR�:��&KHQJ�
���*HQRPH�ZLGH�6WXG��RI�6DOLYDU��0LFUR51�V�IRU�
'HWHFWLRQ�RI�2UDO�&DQFHU��-�'HQW�5HV�����������6���6�

���� /L�/��:DQJ�6��-LDQJ�-��&KHQ�-��/LX�.��=KX�*��([RVRPHV�
'HULYHG� IURP� +�SR[LF� 2UDO� 6TXDPRXV� &HOO�
&DUFLQRPD�&HOOV�'HOLYHU�PL5����WR�1RUPR[LF�&HOOV�
WR� (OLFLW� D� 3URPHWDVWDWLF� 3KHQRW�SH�� &DQFHU� 5HV�
�����������������

���� �JJDUZDO� 6�� 'HYDUDMD� .�� 6KDUPD� 6&�� 'DV� 61��
([SUHVVLRQ� RI� YDVFXODU� HQGRWKHOLDO� JURZWK� IDFWRU�
�9(*)�� LQ� SDWLHQWV� ZLWK� RUDO� VTXDPRXV� FHOO�
FDUFLQRPD� DQG� LWV� FOLQLFDO� VLJQLILFDQFH�� &OLQLFD�
&KLPLFD��FWD������������������

���� (FNHUW� �:�� .DSSOHU� 0�� 6FKXEHUW� -�� 7DXEHUW� +��
&RUUHODWLRQ�RI�H[SUHVVLRQ�RI�K�SR[LD�UHODWHG�SURWHLQV�
ZLWK� SURJQRVLV� LQ� RUDO� VTXDPRXV� FHOO� FDUFLQRPD�
SDWLHQWV��2UDO�0D[LOORIDF�6XUJ�����������������

���� +XDQJ�&��6XQ�=��6XQ����&KHQ�;��=KX�;��)DQ�&�HW�
DO�� �VVRFLDWLRQ� RI� LQFUHDVHG� OLJDQG� F�FORSKLOLQ� ��
DQG� UHFHSWRU� &'���� ZLWK� K�SR[LD�� DQJLRJHQHVLV��
PHWDVWDVLV�DQG�SURJQRVLV�RI�WRQJXH�VTXDPRXV�FHOO�
FDUFLQRPD��+LVWRSDWKRORJ������������������

���� 6HPHQ]D� */�� 5HJXODWLRQ� RI� PDPPDOLDQ� 2��
KRPHRVWDVLV� E�� K�SR[LD�LQGXFLEOH� IDFWRU� ��� �QQX�
5HY�&HOO�'HY�%LRO�����������������

���� 0RKDPHG�.0�� /H���� 'XRQJ�+� HW� DO�� &RUUHODWLRQ�
between� VEGF� and� HIF-1α� expression� in� human�
RUDO� VTXDPRXV� FHOO� FDUFLQRPD�� ([S� 0RO� 3DWKRO�
����������������

���� ,NHGD�1���GDFKL�0��7DNL�7��3URJQRVWLF�VLJQLILFDQFH�
RI� DQJLRJHQHVLV� LQ� KXPDQ� SDQFUHDWLF� FDQFHU�� %U� -�
&DQFHU��������������

���� %HUQV�(0��.OLMQ�-*��/RRN�03�HW�DO�&RPELQHG�YDVFXODU�
HQGRWKHOLDO�JURZWK�IDFWRU�DQG�73���VWDWXV�SUHGLFWV�
SRRU� UHVSRQVH� WR� WDPR[LIHQ� WKHUDS�� LQ� HVWURJHQ�
UHFHSWRU�SRVLWLYH� DGYDQFHG� EUHDVW� FDQFHU�� &OLQ�
&DQFHU�5HV����������������

���� 7DNDKDVKL����&OHDU��.5��0DL�0�HW�DO��6LJQLILFDQFH�RI�
YHVVHO�FRXQW�DQG�YDVFXODU�HQGRWKHOLDO�JURZWK�IDFWRU�
DQG� LWV� UHFHSWRU� �.'5�� LQ� LQWHVWLQDO�W�SH� JDVWULF�
FDQFHU��&OLQ�&DQFHU�5HV����������������

���� 7DNDKDVKL� ��� .LWDGDL� ��� %XFDQD� &'�� HW� DO��
([SUHVVLRQ� RI� YDVFXODU� HQGRWKHOLDO� JURZWK� IDFWRU�
DQG� LWV� UHFHSWRU��.'5��FRUUHODWHV�ZLWK�YDVFXODULW���
PHWDVWDVLV��DQG�SUROLIHUDWLRQ�RI�KXPDQ�FRORQ�FDQFHU��
&DQFHU�5HV�����������������

���� �JJDUZDO� 6�� 'HYDUDMD� .�� 6KDUPD� 6&�� 'DV� 61��
([SUHVVLRQ� RI� YDVFXODU� HQGRWKHOLDO� JURZWK� IDFWRU�

�9(*)�� LQ� SDWLHQWV� ZLWK� RUDO� VTXDPRXV� FHOO�
FDUFLQRPD�DQG� LWV� FOLQLFDO� VLJQLILFDQFH�� &OLQ�&KLP�
�FWD�����������������

���� .R� ++�� /HH� --�� &KHQ� +0� HW� DO�� 8SUHJXODWLRQ� RI�
YDVFXODU� HQGRWKHOLDO� JURZWK� IDFWRU�P51�� OHYHO� LV�
VLJQLILFDQWO�� UHODWHG� WR�SURJUHVVLRQ� DQG� SURJQRVLV�
RI� RUDO� VTXDPRXV� FHOO� FDUFLQRPDV�� -� )RUPRV�0HG�
�VVRF�������������������

���� 1D�DN� 6�� *RHO� 00�� &KDQGUD� 6� HW� DO�� 9(*)���
LPPXQRKLVWRFKHPLFDO� DQG� P51�� H[SUHVVLRQ� LQ�
WLVVXHV�DQG�LWV�VHUXP�OHYHOV�LQ�SRWHQWLDOO��PDOLJQDQW�
RUDO� OHVLRQV� DQG� RUDO� VTXDPRXV� FHOO� FDUFLQRPDV��
2UDO�2QFRO����������������

���� 5RVNRVNL� 5� -U�� 9(*)� UHFHSWRU� SURWHLQ�W�URVLQH�
NLQDVHV��VWUXFWXUH�DQG�UHJXODWLRQ��%LRFKHP�%LRSK�V�
5HV�&RPPXQ������������������

���� .RFK�6��7XJXHV�6��/L�;��*XDODQGL�/��&ODHVVRQ�:HOVK�
/�� 6LJQDO� WUDQVGXFWLRQ� E�� YDVFXODU� HQGRWKHOLDO�
JURZWK�IDFWRU�UHFHSWRUV��%LRFKHP�-�����������������

���� 5HL]HU� -�� 5HL]HU� ��� 6DLHU� 0+� -U�� 7KH� 0,3� IDPLO��
RI� LQWHJUDO� PHPEUDQH� FKDQQHO� SURWHLQV�� VHTXHQFH�
FRPSDULVRQV�� HYROXWLRQDU�� UHODWLRQVKLSV��
UHFRQVWUXFWHG�SDWKZD��RI�HYROXWLRQ��DQG�SURSRVHG�
IXQFWLRQDO� GLIIHUHQWLDWLRQ� RI� WKH� WZR� UHSHDWHG�
KDOYHV�RI� WKH�SURWHLQV��&ULW�5HY� %LRFKHP�0RO�%LRO�
���������������

���� �RRO��-��:HLQVWHLQ��0��1HZ� UROHV� IRU� ROG� KROHV��
,RQ� FKDQQHO� IXQFWLRQ� LQ� DTXDSRULQ���� 1HZV�
3K�VLRORJLFDO�6FLHQFHV���������������

���� �RRO� �-�� &DPSEHOO� (0�� 6WUXFWXUH�� IXQFWLRQ� DQG�
WUDQVODWLRQDO�UHOHYDQFH�RI�DTXDSRULQ�GXDO�ZDWHU�DQG�
LRQ�FKDQQHOV��0RO��VSHFWV�0HG����������������

���� �RRO��-���TXDSRULQV��PXOWLSOH� UROHV� LQ� WKH� FHQWUDO�
QHUYRXV�V�VWHP��1HXURVFLHQWLVW�����������������

���� 5DPERZ�-��:X�%��5�QIHOGW�'��%HLW]�(���TXDSRULQV�
ZLWK� DQLRQ�PRQRFDUER[�ODWH� SHUPHDELOLW���
PHFKDQLVPV�� UHOHYDQFH� IRU� SDWKRJHQ�KRVW�
LQWHUDFWLRQV��)URQW�3KDUPDFRO�����������

���� 1LFR� %�� 5LEDWWL� '�� 5ROH� RI� DTXDSRULQV� LQ� FHOO�
PLJUDWLRQ� DQG� HGHPD� IRUPDWLRQ� LQ� KXPDQ� EUDLQ�
WXPRUV��([S�&HOO�5HV�����������������

���� ,VKLEDVKL� .�� 1HZ� PHPEHUV� RI� PDPPDOLDQ�
DTXDSRULQV�� �43����43���� �TXDSRULQV� ������
��������

���� 'HQNHU� %�0�� 6PLWK� %/�� .XKDMGD� )3�� �JUH�
3�� ,GHQWLILFDWLRQ�� SXULILFDWLRQ�� DQG� SDUWLDO�
FKDUDFWHUL]DWLRQ� RI� D� QRYHO� 05� ������� LQWHJUDO�
PHPEUDQH� SURWHLQ� IURP� HU�WKURF�WHV� DQG� UHQDO�
WXEXOHV��-�%LRO�&KHP�������������������

���� 9HUNPDQ� �6�� �QGHUVRQ� 02�� 3DSDGRSRXORV� 0&��
�TXDSRULQV�� ,PSRUWDQW� EXW� HOXVLYH� GUXJ� WDUJHWV��
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