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The wound healing properties of the cAMP/PKA-signaling 

blocker was investigated. On the model of the skin wound 

the pronounced wound healing effects of the PKA inhibitor 

have been revealed. Implementation of the identified effects 

was associated with activation of mesenchymal progenitors 

(MPC) functions in granulation tissue. The development of 

this phenomenon is associated with direct exposure of the 

pharmacological agent to MPC in the conditions of their in- 

fluence of growth factors (in particular, the growth factor of 

fibroblasts (FGF) secreted by stromal cells in situ. In this 

case, there is an increase not only in the proliferation of activ- 

ity but also in the intensity of the specialization processes of 

progenitors. In a medium without cytokines, the cAMP/PKA- 

signaling blocker causes the progression of the cell signal but 

does not affect the rate of maturation of precursors. 

Keywords: cAMP/PKA-signaling, progenitors, skin wound, 

targeted therapy, regenerative medicine. 

Se investigaron las propiedades curativas de la herida del 

bloqueador de señalización de cAMP/PKA. En el modelo de 

la herida de la piel se han revelado los efectos pronuncia- 

dos de curación de heridas del inhibidor de la PKA. La im- 

plementación de los efectos identificados se asoció con la 

activación de funciones progenitoras mesenquimales (MPC) 

en el tejido de granulación. El desarrollo de este fenómeno 

se asocia con la exposición directa del agente farmacológico 

a MPC en las condiciones de su influencia de los factores 

de crecimiento (en particular, el factor de crecimiento de los 

fibroblastos (FCF) secretados por células estromales in situ. 

En este caso, hay un aumento no sólo en la proliferación de 

la actividad, sino también en la intensidad de los procesos 

de especialización de los progenitores. En medio sin citoqui- 

nas, el bloqueador de señalización de cAMP/PKA provoca 

la progresión de la señal celular, pero no afecta a la tasa de 

maduración de precursores. 

Palabras clave: señalización de cAMP/PKA, progenitores, 

herida cutánea, terapia dirigida, medicina regenerativa. 

 

 
 

 
 

 

A promising approach to solving the problems of regenerative 

medicine is a new direction of pharmacotherapy - “Strategy 

of targeted pharmacological regulation of intracellular signal 

transduction in regeneration-competent cells”1-4. 
 

It is assumed that the selectivity of stimulation of regeneration 

of the organs and tissues in need of this will be determined 

by the specific role of certain signaling molecules6-7 in the 

realization of the growth potential of progenitors against the 

background of tissue specificity of their different types and 

isoforms (including alternative splicing products)1,5,8. 
 

It is known that one of the key roles in the regulation of pro- 

liferation and differentiation of the progenitor cells, as well 
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DV� LQ� WKH� VHFUHWLRQ� RI� FHOOV�PLFURHQYLURQPHQW� RI� WLVVXHV� RI�
JURZWK�IDFWRUV�SOD\V�F$03�PHGLDWHG�SDWKZD\V9,10. However, 
QHZ� HYLGHQFH� KDV� UHFHQWO\� EHHQ� REWDLQHG� VKRZLQJ� PXFK�
PRUH� FRPSOH[� VLJQDO� WUDQVGXFWLRQ� WKURXJK� F$03� WKDQ� SUH-
YLRXVO\�WKRXJKW��7KH�LPSOHPHQWDWLRQ�RI�HIIHFWV�LQYROYLQJ�WKLV�
VHFRQG�PHVVHQJHU�FDQ�WDNH�SODFH�QRW�RQO\�WKURXJK�LWV�LQWHU-
DFWLRQ�ZLWK�WKH�3.$�DQG�LQ�WKH�IXUWKHU�DFWLYDWLRQ�RI�&5(%��EXW�
DOVR� WKURXJK� WKH� DFWLYDWLRQ� RI� &D���FDOPRGXOLQ�GHSHQGHQW�
SURWHLQ� NLQDVH� DQG� FKDQJHV� LQ� WKH� SDWWHUQ� RI� UHJXODWLRQ� RI�
0$3.�SDWKZD\V11��RU�WKH�SKRVSKRU\ODWLRQ�RI�(SDF��H[FKDQJH�
SURWHLQ� GLUHFWO\� DFWLYDWHG�E\� F$03�12, etc. Previous studies 
RI� WKH� UROH�RI� F$03�PHGLDWHG�VLJQDOLQJ� LQ� WKH� UHJXODWLRQ�RI�
WKH�IXQFWLRQV�RI�GLIIHUHQW�W\SHV�RI�SURJHQLWRUV�KDYH�UHYHDOHG�
VRPH�DPELJXRXV�SKHQRPHQD13,14��,W�ZDV�FRQFOXGHG�WKDW�WR�HI-
IHFWLYHO\�PDQDJH�WKH�UHJXODWRU\�SURFHVVHV�E\�PRGXODWLQJ�WKH�
F$03�SDWKZD\V��D�WDUJHWHG�HIIHFW�RQ�WKH�PROHFXOHV�UHVSRQ-
VLEOH�IRU�FHUWDLQ�GLUHFWLRQV�RI�VLJQDO�WUDQVGXFWLRQ�LV�QHFHVVDU\�

$�FRQYHQLHQW�PRGHO�IRU�WKH�GHYHORSPHQW�RI�QHZ�DSSURDFKHV�
WR�VROYLQJ�WKH�SUREOHPV�RI�UHJHQHUDWLYH�PHGLFLQH�LV�WKH�VNLQ�
ZRXQG��%HVLGHV�� WKH� FUHDWLRQ� RI� IXQGDPHQWDOO\� QHZ�ZRXQG�
KHDOLQJ�IDFLOLWLHV�UHPDLQV�UHOHYDQW��7KHVH�SURGXFWV�VKRXOG�QRW�
RQO\�VSHHG�XS�WKH�SURFHVV�RI�WLVVXH�UHSDLU�EXW�DOVR�OHDG�WR�WKH�
IRUPDWLRQ�RI�IXOO�ÁHGJHG�VNLQ����$W�WKH�VDPH�WLPH��LW�LV�EHOLHYHG�
WKDW�DFKLHYLQJ�VXFK�D�UHVXOW�LV�SRVVLEOH�GXH�WR�WKH�SKDUPDFR-
ORJLFDO�DFWLYDWLRQ�RI�UHVLGHQW�SURJHQLWRU�FHOOV�IXQFWLRQV�RI�WKH�
VNLQ�DQG�WKH�XQGHUO\LQJ�WLVVXHV16, 17��DV�ZHOO�DV�WKH�PRELOL]D-
WLRQ�DQG�PLJUDWLRQ�RI�PXOWLSRWHQW�VWHP�FHOOV� �6&�� IURP� WKHLU�
WLVVXH�GHSRWV��SULPDULO\�IURP�ERQH�PDUURZ�18-20. 

7KH�ZRUN�DLPHG�WR�VWXG\�WKH�ZRXQG�KHDOLQJ�HIIHFWV�RI�WKH�F$03�
3.$�VLJQDOLQJ�EORFNHU�DQG�WKH�PHFKDQLVPV�RI�WKHLU�GHYHORSPHQW�

Materials and Methods

([SHULPHQWV�ZHUH�FDUULHG�RXW�RQ�&��%����PLFH��Q� ������DW�
WKH�DJH�RI�������PRQWKV��ZHLJKLQJ�������J��$QLPDOV�RI�WKH��VW�
FDWHJRU\���FRQYHQWLRQDO�OLQHDU�PLFH��ZHUH�REWDLQHG�IURP�WKH�
([SHULPHQWDO�%LRORJLFDO�0RGHOV�'HSDUWPHQW�RI�*ROGEHUJ�5H-
VHDUFK�,QVWLWXWH�RI�3KDUPDFRORJ\�DQG�5HJHQHUDWLYH�0HGLFLQH�
�7RPVN��5XVVLD���%HIRUH�WKH�EHJLQQLQJ�RI�H[SHULPHQWV��GXULQJ�
���GD\V��DQG�RYHU�WKH�VWXG\�SHULRG��DQLPDOV�ZHUH�FRQWDLQHG�
LQ�WKH�YLYDULXP��DLU�WHPSHUDWXUH���²��0&��KXPLGLW\����������
LQ�SODVWLF�FDJHV��������PLFH��RQ�D�QRUPDO�GLHW��VROLG�GLHW�SHO-
OHWV��/LPLWHG�/LDELOLW\�&RPSDQ\�©$VVRUWLPHQW�)LUPª��6HUJLHY�
3RVDG� FLW\��5XVVLD���ZDWHU� DG� OLELWXP��7R� H[FOXGH� VHDVRQDO�
ÁXFWXDWLRQV�RI�VWXGLHG�SDUDPHWHUV��DOO�WKH�H[SHULPHQWV�ZHUH�
SHUIRUPHG�LQ�WKH�DXWXPQ�ZLQWHU�SHULRG��7KH�DQLPDOV�ZHUH�UH-
PRYHG�IURP�WKH�H[SHULPHQW��VDFULÀFHG��XVLQJ�&22 cameras. 
$OO� DQLPDO� H[SHULPHQWV�ZHUH� FDUULHG� RXW� IROORZLQJ� WKH�8�.��
$QLPDOV� �6FLHQWLÀF� 3URFHGXUHV�� $FW�� ����� DQG� DVVRFLDWHG�
JXLGHOLQHV��(8�'LUHFWLYH���������(8�IRU�DQLPDO�H[SHULPHQWV��
7KH�VWXG\�ZDV�DSSURYHG�E\�WKH�,QVWLWXWHCV�ORFDO�(WKLFV�&RP-
PLWWHH� �*ROGEHUJ� �5HVHDUFK� ,QVWLWXWH� RI�3KDUPDFRORJ\� DQG�
5HJHQHUDWLYH� 0HGLFLQH�� 7RPVN� 1DWLRQDO� 5HVHDUFK� 0HGLFDO�
&HQWHU��5XVVLDQ�$FDGHP\�RI�6FLHQFHV��

:RXQG�KHDOLQJ�DFWLYLW\�ZDV�VWXGLHG�RQ�WKH�PRGHO�RI�WKH�ÁDS�
skin wound19, 21��7R�GR�WKLV��RQ�WKH�GHSLODWHG�DUHD�RI�WKH�EDFN�

LQ�PLFH�XQGHU�OLJKW�HWKHUHDO�DQHVWKHVLD�FXW�D�ÁDS�RI�VNLQ�WKH�
VL]H�RI���ð���PP��)RU� ORQJHU�KHDOLQJ�RI� WKH�VFDE� IURP�WKH�
ZRXQG� UHJXODUO\� �WKURXJK� ��� KRXUV�� UHPRYHG�� 7KH� F$03�
3.$�VLJQDOLQJ� EORFNHU� �3.$� ,QKLELWRU� ©.7����ª�� 6LJPD�
$OGULFK��86$��ZDV�DSSOLHG� WR� WKH�ZRXQG�RI� WKH�H[SHULPHQ-
WDO�PLFH� �Q ���� IURP� WKH�ÀUVW�GD\�DIWHU� WKH�PRGHOLQJ�RI� WKH�
ZRXQG��GDLO\�WKURXJKRXW�WKH�KHDOLQJ�SHULRG�RI�����O��DW�D�FRQ-
FHQWUDWLRQ�RI�����0���&RQWURO�DQLPDOV��Q ����ZHUH�DSSOLHG�WR�
WKH�ZRXQG�E\�WKH�HTXLYDOHQW�YROXPH�

7KH� FULWHULD� IRU� HDUO\� KHDOLQJ�ZHUH� WKH� DYHUDJH� GLDPHWHU� RI�
WKH�ZRXQG��FRQWURO�DQG�H[SHULHQFHG�JURXS��Q �������DQG�WKH�
UHVXOWV�RI�WKH�KLVWRORJLFDO�VWXG\�RI�WKH�ELRSVLHV�RI�WKH�VNLQ�RI�
PLFH�REWDLQHG�RQ� WKH��UG�DQG��WK�GD\�RI� WKH�ZRXQG�GHIHFW�
�FRQWURO� DQG� H[SHULHQFHG� JURXS�� Q �������� 7KH� KLVWRORJLFDO�
SUHSDUDWLRQV�RI�WKH�VNLQ��SUHSDUDWLRQV�ZHUH�À[HG�LQ�����QHX-
WUDO�IRUPDOLQ��GHK\GUDWHG�LQ�D�VHULHV�RI�DOFRKROV�ZLWK�ULVLQJ�FRQ-
FHQWUDWLRQ�� LPSUHJQDWHG�ZLWK�SDUDIÀQ��DQG�FXW� LQWR�SLHFHV�RI�
����PLFURQV�WKLFN���ZHUH�VWDLQHG�ZLWK�KHPDWR[\OLQ�DQG�HRVLQ��

6WXGLHV�RI�IXQFWLRQDO�DFWLYLW\�RI�PHVHQFK\PDO�SURJHQLWRUV�LQ�
WKH�ZRXQG�ZHUH� FRQGXFWHG� RQ� WKH� �UG� DQG� �WK� GD\� RI� H[-
perience (control and experienced group: n  ���������&HOOV�
REWDLQHG�DIWHU�VFUDSLQJ� IURP�WKH�ZRXQG�VXUIDFH� LQ� WKH�FRQ-
FHQWUDWLRQ�RI�������PO�ZHUH�LQFXEDWHG�LQ�6WHP0$&6��06&�
([SDQVLRQ�0HGLD�IRU���GD\V�LQ�D�&22�LQFXEDWRU�DW����&�����
CO2��DQG������DLU�KXPLGLW\��$IWHU�LQFXEDWLRQ��WKH�FRQWHQW�RI�
FORQRJHQLF�FHOOV�� WKHLU�SUROLIHUDWLYH�DFWLYLW\��DQG�WKH� LQWHQVLW\�
RI�VSHFLDOL]DWLRQ��GLIIHUHQWLDWLRQ�PDWXUDWLRQ��ZHUH�FDOFXODWHG��
7KH�QXPEHU�RI�03&�ZDV�GHWHUPLQHG�E\�WKH�\LHOG�LQ�WKH�UH-
VSHFWLYH� FXOWXUHV� RI� ÀEUREODVW� FRORQ\�IRUPLQJ� XQLWV� �&)8�)��
FRORQLHV�FRQWDLQLQJ�PRUH�WKDQ����FHOOV���7KH�SUROLIHUDWLYH�DF-
WLYLW\�RI�WKH�SURJHQLWRU�FHOOV�E\�WKH�PHWKRG�RI�FHOO�VXLFLGH�XVLQJ�
K\GUR[\XUHD�����0���&DOELRFKHP��86$���7KH�SRRO�RI�&)8�LQ�
WKH�6�SKDVH�RI�WKH�FHOO�F\FOH�ZDV�GHWHUPLQHG�DFFRUGLQJ�WR�WKH�
IRUPXOD��1� �>�D�E��D@�ð�������ZKHUH�D�LV�WKH�DYHUDJH�IRU�WKH�
JURXS� WKH�QXPEHU�RI�&)8�)� IURP�FHOOV�QRW� WUHDWHG�ZLWK�K\-
GUR[\XUHD��E���WKH�DYHUDJH�IRU�WKH�JURXS�WKH�QXPEHU�RI�&)8�
)� IURP� FHOOV� WUHDWHG�ZLWK� K\GUR[\XUHD��7KH� LQWHQVLW\� RI� WKH�
SURFHVVHV� RI� VSHFLDOL]DWLRQ� RI� SURJHQLWRUV� ZDV� GHWHUPLQHG�
E\�FDOFXODWLQJ�WKH�UDWLR�RI�WKH�FRUUHVSRQGLQJ�FOXVWHU�IRUPLQJ�
�&O)8�)��FOXVWHUV�FRQWDLQLQJ���������FHOOV��WR�&)8�)��GLIIHUHQ-
WLDWLRQ�LQGH[�19, 21.  

8VLQJ�FXOWXUDO�PHWKRGV�ZH�VWXGLHG� WKH�SURGXFWLRQ�RI� JURZWK�
IDFWRUV�WKDW�VWLPXODWH�WKH�JURZWK�RI�&)8�)��FRORQ\�VWLPXODWLQJ�
DFWLYLW\� ��&6$��E\� VWURPDO� FHOOV� VFUDSHG� IURP� WKH� VXUIDFH�RI�
WKH�ZRXQG��7R�GR�WKLV��DGKHUHQW�FHOOV�REWDLQHG�DIWHU�VFUDSLQJ�
IURP�WKH�ZRXQG�VXUIDFH�LQ�FRQFHQWUDWLRQV�RI���ð���6���PO�ZHUH�
LQFXEDWHG�LQ�6WHP0$&6��06&�([SDQVLRQ�0HGLD�IRU���GD\V�
in a CO2�LQFXEDWRU�DW����&�����&22��DQG������DLU�KXPLGLW\��
$IWHU�WKDW��ZH�UHFHLYHG�WKH�FRQGLWLRQHG�PHGLD�DQG�GHWHUPLQHG�
WKHLU�HIIHFW�RQ�WKH�JURZWK�RI�&)8�)�LQ�WKH�WHVW�V\VWHP��ZKLFK�LV�
D�FXOWXUH�RI�ERQH�PDUURZ�FHOOV�DW�D�FRQFHQWUDWLRQ�RI�������PO�21.

8VLQJ�WKH�FXOWXUDO�PHWKRGV��ZH�VWXGLHG�WKH�GLUHFW�HIIHFW�RI�WKH�
F$03�3.$�VLJQDOLQJ�EORFNHU�RQ�WKH�UHDOL]DWLRQ�RI�WKH�JURZWK�
SRWHQWLDO�RI�03&�LQ�YLWUR��%RQH�PDUURZ�FHOOV�RI�FRQFHQWUDWLRQ�
RI�������PO�ZHUH�LQFXEDWHG�LQ�6WHP0$&6��06&�([SDQVLRQ�
0HGLD�IRU���GD\V�LQ�D�&22� LQFXEDWRU�DW����&�����&22, and 
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����� DLU� KXPLGLW\��$IWHU� LQFXEDWLRQ�� WKH� FRQWHQW� RI� &)8�)��
WKHLU� SUROLIHUDWLYH�DFWLYLW\�� DQG� WKH� LQWHQVLW\�RI� VSHFLDOL]DWLRQ�
ZDV�FDOFXODWHG�DV�GHVFULEHG�DERYH��

&KDQJHV� LQ� WKHVH� SDUDPHWHUV� XQGHU� WKH� LQÁXHQFH� RI� WKH�
F$03�3.$�VLJQDOLQJ� EORFNHU� �DW� D� FRQFHQWUDWLRQ� RI� ����0��
ZHUH�LQYHVWLJDWHG�LQ�FHOO�LQFXEDWLRQ�LQ�WKH�6WHP0$&6��06&�
([SDQVLRQ�0HGLD�HQYLURQPHQW�ZLWKRXW�)*)�EDVLF�DQG�ZKHQ�
WKH�PDLQ����QJ�)*)�EDVLF��)*)�EDVLF��6LJPD�$OGULFK��86$��
ZDV�DGGHG�WR�WKH�PHGLXP�

7KH� HIIHFW� RI� WKH� F$03�3.$�VLJQDOLQJ� EORFNHU� RQ� WKH� VH-
FUHWLRQ� RI� JURZWK� IDFWRUV� E\� VWURPDO� FHOOV� LQ� YLWUR�ZDV� DOVR�
VWXGLHG��7R�GR�WKLV��WKH�ERQH�PDUURZ�FHOOV�LQ�D�FRQFHQWUDWLRQ�
RI���ð���6� ��PO� LQFXEDWHG� LQ�6WHP0$&6��06&�([SDQVLRQ�
0HGLD�IRU���KRXUV�LQ�D�&22�LQFXEDWRU�DW����&�����&22, and 
�����DLU�KXPLGLW\��7KHQ�DGKHUHQW�FHOOV� LQFXEDWHG� LQ�6WHP-
0$&6��06&�([SDQVLRQ�0HGLD�FRQWDLQLQJ�����0�WKH�F$03�
3.$�VLJQDOLQJ�EORFNHU�IRU���GD\V�LQ�D�&22�LQFXEDWRU�DW����&��
���&22��DQG������DLU�KXPLGLW\��$IWHU�WKDW��ZH�UHFHLYHG�WKH�
FRQGLWLRQHG�PHGLD�DQG�GHWHUPLQHG�WKHLU�HIIHFW�RQ�WKH�JURZWK�
RI�&)8�)�LQ�WKH�WHVW�V\VWHP21.

7KH�UHVXOWV�ZHUH�DQDO\]HG�ZLWK�RQH�ZD\�$129$�IROORZHG�E\�
WKH�0DQQ²:KLWQH\� WHVW� IRU� LQGHSHQGHQW�VDPSOHV��7KH�GDWD�
DUH�H[SUHVVHG�DV�DULWKPHWLF�PHDQV��DQG�VWDQGDUG�HUURUV�LQ�D�
WDEOH���7KH�VLJQLÀFDQFH�OHYHO�ZDV�S�����22.

5HVXOWV�DQG�'LVFXVVLRQ

,Q�WKH�FRQWUROV��WKH�ZRXQGV�KHDOHG�E\�GD\����RI�WKH�H[SHUL-
PHQW�� ([WHUQDO� XVH� RI� WKH� F$03�3.$�VLJQDOLQJ� EORFNHU� OHG�
WR�D�VLJQLÀFDQW�UHGXFWLRQ�LQ�WKH�SHULRG�RI�UHSDLU�RI�WKH�WLVVXH�
GHIHFW��%\����D�GD\�WKHUH�ZDV�D�FRPSOHWH�UHJHQHUDWLRQ�RI�WKH�
VNLQ��WDEOH���$W� WKH�VDPH�WLPH�� WKHUH�ZDV�D�GHFUHDVH� LQ� WKH�
VL]H�RI�ZRXQGV�IRU�DOO�REVHUYDWLRQ�SHULRGV��VWDUWLQJ�ZLWK� WKH�
�UG�GD\�RI� WKH�H[SHULPHQW��7KH�DYHUDJH�ZRXQG�GLDPHWHU� LQ�
PLFH�WKDW�ZHUH�WUHDWHG�DW�WKH�ZRXQG�RI�WKH�3.$�LQKLELWRU�ZDV�
������������������������������DQG������VPDOOHU�WKDQ�FRQWURO�
DQLPDOV�RQ�����������������DQG����GD\V��UHVSHFWLYHO\���

,Q�D�KLVWRORJLFDO�VWXG\�RQ�WKH��UG�GD\�DIWHU�PRGHOLQJ�WKH�VNLQ�
wound in control and experimental groups necrotic layer on 
WKH�VXUIDFH�RI�WKH�ZRXQG�FRQWDLQHG�ÀEULQ��XQGHU�ZKLFK�WKHUH�
ZDV�D� OD\HU�RI�JUDQXODU� WLVVXH�ZLWK�D� ODUJH�QXPEHU�RI� FHOOV�
�PRVWO\� QHXWURSKLOV� DQG� PDFURSKDJHV��� 7KH� LQÁDPPDWRU\�
SURFHVV��LQWHUVWLWLDO�VZHOOLQJ�DQG�OHXNRF\WH�LQÀOWUDWLRQ��H[WHQG-
HG�WR�WKH�XQGHUO\LQJ�OD\HU�RI�VWULDWHG�PXVFOHV��$W�WKH�HGJHV�RI�
WKH�ZRXQG�ZHUH�VZHOOLQJ��GHUPLV�K\SHUHPLD��DQG�RYHUJURZWK�
RI� WKH�HSLGHUPLV��FRQVLVWLQJ�RI������ OD\HUV�RI�XQGLIIHUHQWLDW-
HG�FHOOV��2Q�WKH��WK�GD\��WKH�QHZO\�IRUPHG�HSLWKHOLXP�DW�WKH�
HGJHV�RI� WKH�ZRXQG�ZDV�D� OD\HU�RI� LVRPRUSKLF�FHOOV�� ,Q� WKH�
JURXS�RI�PLFH�DIWHU�WKH�H[WHUQDO�XVH�RI�WKH�F$03�3.$�VLJQDO-
LQJ�EORFNHU��OHXNRF\WH�LQÀOWUDWLRQ�RI�WKH�HGJHV�RI�WKH�ZRXQG��
GHUPLV��DQG�XQGHUO\LQJ�WLVVXHV�RQ�WKH��UG�GD\�RI�H[SHULHQFH�
ZDV�VLJQLÀFDQWO\�ORZHU��2Q�WKH��WK�GD\�RI�WKH�H[SHULPHQW�LQ�
WKLV�JURXS�RI�DQLPDOV��WKHUH�ZDV�D�VLJQLÀFDQW�LQFUHDVH�LQ�WKH�
QXPEHU�RI�ÀEUREODVWV�LQ�WKH�JUDQXODWLRQ�WLVVXH��)LJXUH����

)LJXUH����(IIHFWV�RI�WKH�F$03�3.$�VLJQDOLQJ�EORFNHU�RQ�VNLQ�ZRXQG�JUDQXODWLRQ�WLVVXH�LQ�&��%/���PLFH�RQ�GD\���DIWHU�ZRXQG�FUH-
DWLRQ��KHPDWR[\OLQ�DQG�HRVLQ���������$��FRQWURO��%��F$03�3.$�VLJQDOLQJ�EORFNHU�

7DEOH��(IIHFWV�RI�WKH�F$03�3.$�VLJQDOLQJ�EORFNHU�RQ�WKH�G\QDPLFV�RI�VNLQ�ZRXQG�KHDOLQJ�LQ�&��%/���0LFH���P�6(0�

Group
Wound diameter, sm
Day of observation

1 3 5 7 9 12 14 16

Control 1.08±0.01 0.98±0.02 0.89±0.01 0.77±0.02 0.58±0.02 0.28±0.01 0.12±0.02 0.06±0.03

cAMP/PKA-signaling blocker 1.08±0.02 0.86±0.02
*

0.78±0.01
*

0.61±0.01
*

0.48±0.01
*

0.17±0.02
*

0.0±0.0
*

0.0±0.0
*

3������LQ�FRPSDULVRQ�ZLWK�WKH�FRQWURO��
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7KHVH�PRUSKRORJLFDO�ÀQGLQJV�ZHUH�QRW�RQO\�D�FULWHULRQ�IRU�DF-
FHOHUDWLQJ� WLVVXH� UHSDLU� SURFHVVHV�EXW� DOVR�D� VLJQ�RI� EHWWHU�
VNLQ�UHJHQHUDWLRQ��WLVVXH�UHVWLWXWLRQ��LQ�WKH�IXWXUH17-19.

7KH�VWXG\�RI�WKH�PHFKDQLVPV�RI�ZRXQG�KHDOLQJ�DFWLRQ�RI�WKH�
F$03�3.$�VLJQDOLQJ�EORFNHU�UHYHDOHG�LWV�SURQRXQFHG�HIIHFW�
RQ�PHVHQFK\PDO�SURJHQLWRUV�LQ�WKH�ZRXQG��7KHUH�ZDV�D�VLJ-
QLÀFDQW�LQFUHDVH�LQ�WKH�FRQWHQW�RI�&)8�)�LQ�WKH�ZRXQG��XS�WR�
�������DQG��������RI�FRQWURO�DW���DQG���GD\V�UHVSHFWLYHO\���
WKHLU�SUROLIHUDWLYH�DFWLYLW\��XS�WR�������DQG��������RI�FRQWURO�
DW���DQG���GD\V� UHVSHFWLYHO\���DQG� WKH� LQWHQVLW\�RI�GLIIHUHQ-
WLDWLRQ� �XS� WR�������DQG��������RI�FRQWURO�DW���DQG���GD\V�
UHVSHFWLYHO\���)LJXUH����

7KH�H[SHULPHQWV�GLG�QRW�GHWHFW�FKDQJHV� LQ� WKH�VHFUHWLRQ�RI�
JURZWK�IDFWRUV�E\�VWURPDO�FHOOV�REWDLQHG�IURP�WKH�VXUIDFH�RI�
WKH�ZRXQG��7KH�OHYHO�RI�WKH�FRQGLWLRQHG�PHGLD�&6$�RI�WKHVH�
FHOOV�LQ�DQLPDOV�RI�WKH�H[SHULPHQWDO�JURXS�GLG�QRW�GLIIHU�IURP�
WKDW�RI�FRQWURO�PLFH��)LJXUH����

7KH�DGGLWLRQ�RI� WKH�F$03�3.$�VLJQDOLQJ�EORFNHU� WR� WKH�FXO-
WXUH� RI� ERQH�PDUURZ�FHOOV� LQFUHDVHG� WKH�QXPEHU� RI�&)8�)�
DQG�WKHLU�PLWRWLF�DFWLYLW\��WR�������DQG��������RI�FRQWURO��PH-
GLD�ZLWKRXW�3.$�LQKLELWRU��UHVSHFWLYHO\���7KHUH�ZDV�QR�FKDQJH�
LQ�WKH�LQWHQVLW\�RI�WKH�VSHFLDOL]DWLRQ�SURFHVVHV�RI�PHVHQFK\-
PDO�SUHGHFHVVRUV��)LJXUH����

)LJXUH����(IIHFWV�RI�WKH�F$03�3.$�VLJQDOLQJ�EORFNHU�RQ�WKH�
QXPEHU�RI�&)8�)�LQ�ZRXQG�VXUIDFH��$���SUROLIHUDWLYH�DFWLYLW\�
�%�� DQG� WKHVH� FHOOV� GLIIHUHQWLDWLRQ� LQGH[� �&�� LQ� WKH� FHOO� FXO-
WXUH�RI�WKH�ERQH�PDUURZ�ZLWKRXW�)*)�EDVLF��FRQWURO��DQG�ZLWK�
)*)�EDVLF�ZLWKRXW� VLJQDOLQJ�PROHFXOH� LQKLELWRU� �ZKLWH� EDUV��
DQG�ZKHQ�WKH�LQKLELWRU��JUD\�EDUV��DUH�DGGHG�WR�WKH�PHGLXP�

6WXGLHV�RI�WKHVH�SDUDPHWHUV�XVLQJ�WKH�FXOWXUDO�HQYLURQPHQW�
ZLWK�)*)�EDVLF�KDYH�UHYHDOHG�VOLJKWO\�GLIIHUHQW�SKHQRPHQD��
,Q�WKLV�FDVH�� WKHUH�ZDV�QRW�RQO\�DQ� LQFUHDVH�LQ�WKH�QXPEHU�
RI�&)8�)�DQG�WKHLU�QXPEHU�LQ�WKH�6�SKDVH�RI�WKH�FHOO�F\FOH�
EXW�DOVR�D�VLJQLÀFDQW�LQFUHDVH�LQ�WKH�LQWHQVLW\�RI�PDWXUDWLRQ�
RI� SURJHQLWRUV� �XS� WR� ������� RI� WKH� VLPLODU� SDUDPHWHU� LQ�
WKH�PHGLD�ZLWK�)*)�EDVLF�ZLWKRXW� WKH�F$03�3.$�VLJQDOLQJ�
EORFNHU���0RUHRYHU��WKHVH�FKDQJHV�ORRN�SDUWLFXODUO\�LQWHUHVW-
LQJ� JLYHQ� WKDW� WKH� )*)�EDVLF� ZLWKRXW� WKH� F$03�3.$�VLJ-
QDOLQJ�EORFNHU�GLG�QRW�DIIHFW�WKH�VSHFLDOL]DWLRQ�SURFHVVHV�RI�
PHVHQFK\PDO�SUHFXUVRUV��$OVR��WKH�LQFUHDVH�LQ�SUROLIHUDWLYH�
DFWLYLW\�RI�&)8�)�ZKHQ�WKH�3.$�LQKLELWRU�ZDV�DGGHG� LQ� WKH�
PHGLD�ZLWK�)*)�EDVLF�FRPSDUHG�WR�WKH�YDOXH�RI�WKLV�LQGLFDWRU�
ZLWKRXW�WKH�3.$�LQKLELWRU�ZDV���������7KLV�ZDV�KLJKHU�WKDQ�
WKH�LQFUHDVH�LQ�WKH�PLWRVLV�UDWH�RI�PHVHQFK\PDO�SURJHQLWRUV�
XQGHU�WKH�LQÁXHQFH�RI�WKH�3.$�LQKLELWRU�LQ�WKH�PHGLD�ZLWKRXW�
)*)�EDVLF��)LJXUH����

7KH�LQWURGXFWLRQ�RI� WKH�F$03�3.$�VLJQDOLQJ�EORFNHU� LQ�YLWUR�
LQWR�WKH�FXOWXUH�RI�ERQH�PDUURZ�FHOOV�GLG�QRW�DIIHFW�WKH�IRUPD-
WLRQ�RI�WKH�OHYHO�RI�WKH�&6$�FRQGLWLRQHG�PHGLD��7KH�YDOXHV�RI�
WKLV�SDUDPHWHU�ZHUH�����������DQG�����������DUELWUDU\�XQLWV�

)LJXUH� ��� (IIHFWV� RI� WKH� F$03�3.$�VLJQDOLQJ� EORFNHU� RQ� WKH�
QXPEHU�RI�&)8�)�LQ�ZRXQG�VXUIDFH��$���SUROLIHUDWLYH�DFWLYLW\��%���
DQG�WKHVH�FHOOV�GLIIHUHQWLDWLRQ�LQGH[��&��LQ�FRQWURO�&��%/���PLFH�
�ZKLWH�EDUV��DQG�WKH�WUHDWPHQW�RI�WKH�ZRXQG�ZLWK�WKH�F$03�3.$�
VLJQDOLQJ�EORFNHU��JUD\�EDUV���+HUH�DQG�LQ�)LJV��������3������LQ�
FRPSDULVRQ�ZLWK�WKH�FRQWURO�

)LJXUH����(IIHFWV�RI�WKH�F$03�3.$�VLJQDOLQJ�EORFNHU�RQ�WKH�OHYHO�
RI� WKH� FRORQ\�VWLPXODWLQJ� DFWLYLW\� �&6$�� RI� FRQGLWLRQHG� PHGLD�
RI� WKH� VWURPDO� FHOOV� IURP� WKH� VXUIDFH� RI� WKH�ZRXQG� LQ� FRQWURO�
&��%/���PLFH��JUD\�EDUV��DQG�WKH�WUHDWPHQW�RI� WKH�ZRXQG�ZLWK�
WKH�F$03�3.$�VLJQDOLQJ�EORFNHU��EOXH�EDUV��

)LJXUH����(IIHFWV�RI�WKH�F$03�3.$�VLJQDOLQJ�EORFNHU�RQ�WKH�OHYHO�
RI� WKH� FRORQ\�VWLPXODWLQJ� DFWLYLW\� �&6$�� RI� FRQGLWLRQHG�PHGLD�
RI� WKH�VWURPDO� FHOOV� IURP� WKH�VXUIDFH�RI� WKH�ZRXQG� LQ�FRQWURO�
&��%/���PLFH��JUD\�EDUV��DQG�WKH�WUHDWPHQW�RI�WKH�ZRXQG�ZLWK�
WKH�F$03�3.$�VLJQDOLQJ�EORFNHU��EOXH�EDUV��
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IURP�VXSHUQDWDQWV�IURP�FHOOV�FXOWLYDWHG�LQ�WKH�PHGLD�ZLWKRXW�
WKH� F$03�3.$�VLJQDOLQJ� EORFNHU� DQG�ZLWK� WKLV� LQKLELWRU�� UH-
spectively.

7KH�UHVXOWV�LQGLFDWH�WKH�SUHVHQFH�RI�SURQRXQFHG�ZRXQG�KHDO-
LQJ� SURSHUWLHV� LQ� WKH� F\FOLF�$03�GHSHQGHQW� SURWHLQ� NLQDVH�
$� LQKLELWRU� LQ� LWV� H[WHUQDO� DSSOLFDWLRQ�� ,W� ZDV� IRXQG� WKDW� WKH�
LPSOHPHQWDWLRQ� RI� WKH� LGHQWLÀHG� SKDUPDFRORJLFDO� HIIHFWV� RI�
WKLV� VXEVWDQFH� LV� LWV� GLUHFW� HIIHFW� RQ� WKH� SURJHQLWRUV� LQ� WKH�
ZRXQG��)LJXUH�����0RUHRYHU��WKH�PRVW�VLJQLÀFDQW�LQFUHDVH�LQ�
WKHLU�IXQFWLRQDO�DFWLYLW\�RFFXUV�LI�WKH\�DUH�LQÁXHQFHG�E\�JURZWK�
IDFWRUV��LQ�SDUWLFXODU�)*)23��VHFUHWHG�E\�WKH�VWURPDO�FHOOV�RI�
WKH�PLFURHQYLURQPHQW��DV�ZHOO�DV��SUREDEO\��PLJUDWLQJ�WR�WKH�
wound immunocompetent cells24���,Q�WKLV�FDVH��LQ�VLWX��WKHUH�
LV�DQ� LQFUHDVH� LQ�ERWK�SUROLIHUDWLRQ�DFWLYLW\�DQG� WKH� LQWHQVLW\�
RI�SURJHQLWRU�VSHFLDOL]DWLRQ�SURFHVVHV��:LWKRXW�WKLV�F\WRNLQH�
VWLPXODWLRQ��WKH�FKDQJH�LQ�WKH�SDWWHUQ�RI�FHOOXODU�F$03�PHGL-
DWHG�VLJQDOLQJ�GRHV�QRW�DIIHFW�WKH�PDWXUDWLRQ�UDWH�RI�ÀEUREODVW�
SUHFXUVRUV�SOD\LQJ�RQH�RI�WKH�NH\�UROHV�LQ�VNLQ�UHSDUDWLRQ������. 
+RZHYHU��WKH�H[SHULPHQWV�KDYH�VKRZQ�WKDW�WKH�´EDVLFµ�OHYHO�
RI�SURGXFWLRQ�RI�JURZWK�IDFWRUV��VLQFH�WKH�EORFNDJH�RI�F$03�
3.$�SDWKZD\V�LQ�WKH�FHOOV�RI�WKH�PLFURHQYLURQPHQW�RI�JUDQX-
ODU�WLVVXH�GLG�QRW�DIIHFW�WKHLU�VHFUHWRU\�IXQFWLRQ��LV�VXIÀFLHQW�WR�
LPSOHPHQW�WKH�GHVFULEHG�PHFKDQLVP�

06&���PXOWLSRWHQW�PHVHQFK\PDO�VWHP�FHOOV��03&�²�FRPPLW-
WHG�PHVHQFK\PDO�SURJHQLWRU�FHOOV�

$W� WKH�VDPH� WLPH�� WKH�SURJHQLWRU� FHOOV�SRRO��SDUWLFLSDWLQJ� LQ�
WKLV�FDVH�LQ�VNLQ�UHJHQHUDWLRQ�LV�UHSUHVHQWHG�E\�WKH�FHOOV�RI�
WKH�EDVDO�OD\HU�RI�WKH�VNLQ�ORFDWHG�QHDU�WKH�VLWH�RI�WKH�LQMXU\��, 
UHVLGHQW� FRPPLWWHG�PHVHQFK\PDO� SUHFXUVRUV� RI� QHDUE\� WLV-
sues16,17��DV�ZHOO�DV�PXOWLSRWHQW�6&��PRELOL]HG�IURP�WKH�´WLV-
VXH�GHSRWVµ��SULPDULO\�ERQH�PDUURZ��DQG�PLJUDWHG�WR�WKH�VNLQ�
wound18-20�� 7KHUHIRUH�� WKH� GHYHORSPHQW� RI� WKHUDSHXWLF� DS-
SURDFKHV�ZLWK�3.$�LQKLELWRUV�LV�FRQVLVWHQW�ZLWK�WKH�SULQFLSOHV�
RI�FDUFLQRJHQLF�GUXJ�VDIHW\�������7KLV�FULWHULRQ�LV�DQ�LQDOLHQDEOH�
IDFWRU�IRU�WKH�FUHDWLRQ�RI�GUXJV�IRU�UHJHQHUDWLYH�PHGLFLQH��LQ�
WHUPV�RI�PLQLPL]LQJ� WKH�SRWHQWLDO� ULVNV�RI� WXPRU� WUDQVIRUPD-
WLRQ�RI�SURJHQLWRUV�ZKLOH�VWLPXODWLQJ�WKHLU�SUROLIHUDWLYH�DFWLYLW\��

Conclusions

7KH�XVH�RI�DGHQ\ODWH�F\FODVH�DQG�3.$�LQKLELWRUV�LQ�VNLQ�ZRXQGV�
LV�D�SURPLVLQJ�DSSURDFK�WR�WKLV�SDUWLFXODU�SUREOHP�RI�UHJHQHUD-
WLYH�PHGLFLQH��VNLQ�UHSDLU��DV�SDUW�RI�WKH�LPSOHPHQWDWLRQ�RI�WKH�
´6WUDWHJ\�RI�WDUJHWHG�SKDUPDFRORJLFDO�UHJXODWLRQ�RI�LQWUDFHOOX-
ODU�VLJQDO�WUDQVGXFWLRQ�LQ�UHJHQHUDWLRQ�FRPSHWHQW�FHOOVµ28.

$FNQRZOHGJPHQW
7KH� VWXG\� ZDV� VXSSRUWHG� E\� WKH� 0LQLVWU\� RI� 6FLHQFH� DQG�
+LJKHU�(GXFDWLRQ�RI�WKH�5XVVLDQ�)HGHUDWLRQ��VXEVLG\�DJUHH-
PHQW�1R�����������������

&RQÁLFW�RI�LQWHUHVW
7KH�DXWKRUV�GHFODUH�QR�FRQÁLFW�RI�LQWHUHVW�
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