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Background and Objectives:
� �A� �n�e�w� �d�e�v�i�c�e�,� �I�N�T�R�A�C�E�L� �h�e�a�t�i�n�g� �u�p� 

�d�e�e�p� �d�e�r�m�i�s� �u�s�i�n�g� �m�i�c�r�o�n�e�e�d�l�e�s� �o�f� 

�b�i�p�o�l�a�r� �a�n�d� �m�o�n�o�p�o�l�a�r� �R�F� �i�n� �a� �m�i�n�i�m�a�l�l�y� 

�i�n�v�a�s�i�v�e� �w�a�y�;� �F�r�a�c�t�i�o�n�a�l� �R�a�d�i�o�f�r�e�q�u�e�n�c�y� 

�M�i�c�r�o�n�e�e�d�l�i�n�g� �(“�F�R�M”�)� �t�e�c�h�n�o�l�o�g�y� �w�a�s� 

�i�n�t�r�o�d�u�c�e�d� �l�a�t�e�l�y�.� � �T�h�i�s� �s�t�u�d�y� �w�a�s� 

�c�o�n�d�u�c�t�e�d� �t�o� �s�e�e� �t�h�e� �w�o�u�n�d� �h�e�a�l�i�n�g� 

�r�e�s�p�o�n�s�e� �f�o�l�l�o�w�i�n�g� �F�R�M� �t�r�e�a�t�m�e�n�t� �f�o�r� �b�o�t�h� 

�h�u�m�a�n� �a�n�d� �p�o�r�c�i�n�e� �s�k�i�n�.

Study Design and Methods: 
� �A� �m�a�x�i�m�u�m� �p�o�w�e�r� �o�f� �7�0�0�W� �R�F� �c�a�n� �b�e� �u�s�e�d� �o�n� 

�b�i�p�o�l�a�r� �m�o�d�e� �t�o� �d�e�l�i�v�e�r� �t�h�e� �t�h�e�r�m�a�l� �e�n�e�r�g�y� �d�i�r�e�c�t�l�y� 

�i�n�t�o� �t�h�e� �d�e�r�m�i�s�.� � �4�9� �m�i�c�r�o�n�e�e�d�l�e�s� �a�r�e� �d�i�f�f�u�s�e�d� �t�o� 

�1�c�m�2� �a�r�e�a�s� �o�n� �i�t�s� �t�i�p�,� �a�n�d� �t�h�o�s�e� �n�e�e�d�l�e�s� �a�r�e� 

�i�n�s�u�l�a�t�e�d� �e�x�c�e�p�t� �i�t�s� �d�i�s�t�a�l� �0�.�3�m�m� �t�o� �a�v�o�i�d� �t�h�e� 

�t�h�e�r�m�a�l� �d�a�m�a�g�e� �o�n� �t�h�e� �s�k�i�n� �s�u�r�f�a�c�e� �w�h�e�n� �i�t� 

�p�e�n�e�t�r�a�t�e�s� �i�n�t�o� �s�k�i�n�.� � �1�0� �h�e�a�l�t�h�y� �p�a�t�i�e�n�t�s� �a�n�d� 

�a�s�e�p�t�i�c�a�l�l�y� �p�r�o�c�e�s�s�e�d� �a� �m�i�c�r�o�-�p�i�g� �w�e�r�e� 

�i�n�v�o�l�v�e�d� �i�n� �t�h�i�s� �c�l�i�n�i�c�a�l� �t�r�i�a�l�.� � �H�e�a�l�i�n�g� 

�r�e�s�p�o�n�s�e�s� �w�e�r�e� �o�b�s�e�r�v�e�d� �b�y� �t�h�e� �t�i�m�e� �a�f�t�e�r� 

�F�R�M� �t�r�e�a�t�m�e�n�t� �a�t� �v�a�r�i�o�u�s� �e�n�e�r�g�y� �l�e�v�e�l�s�.� � �B�i�o�p�s�y� 

�w�a�s� �c�o�n�d�u�c�t�e�d� �t�o� �s�e�e� �t�h�e� �w�o�u�n�d� �h�e�a�l�i�n�g� �p�r�o�c�e�s�s� 

�i�m�m�e�d�i�a�t�e�l�y� �a�f�t�e�r� �t�h�e� �t�r�e�a�t�m�e�n�t�,� �2�d�a�y�s�,� �1�4�d�a�y�s�,� 

�2�8�d�a�y�s�,� �a�n�d� �1�0� �w�e�e�k�s� �p�o�s�t� �t�h�e� �t�r�e�a�t�m�e�n�t�.� �H�&�E� 

�s�t�a�i�n� �a�n�d� �H�S�P�4�7� �s�t�a�i�n� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �t�o� �s�e�e� 

�t�h�e� �c�h�a�n�g�e�s� �i�n� �i�n�f�l�a�m�m�a�t�o�r�y� �c�e�l�l�,� �c�o�l�l�a�g�e�n�.� � �A�l�s�o�,� 

�t�h�e� �s�t�u�d�y� �h�a�s� �c�o�n�d�u�c�t�e�d� �R�T�-�P�C�R� �w�i�t�h� �t�h�e� 

�t�i�s�s�u�e� �b�i�o�p�s�i�e�d� �f�r�o�m� �M�i�c�r�o�-�p�i�g� �c�o�v�e�r�i�n�g� �1�0� 

�w�e�e�k�s� �t�o� �s�e�e� �m�R�N�A� �c�h�a�n�g�e� �o�f� �c�o�l�l�a�g�e�n�,� �H�e�a�t� 

�S�h�o�c�k� �P�r�o�t�e�i�n�s� �(�H�S�P�s�)�,� �a�n�d� �m�a�t�r�i�x� 

�m�e�t�a�l�l�o�p�r�o�t�e�i�n�a�s�e� �(�M�M�P�s�)�.

Results: 
� �N�o� �t�h�e�r�m�a�l� �d�a�m�a�g�e� �w�a�s� �o�b�s�e�r�v�e�d� �o�n� �t�h�e� 
�e�p�i�d�e�r�m�i�s� �a�n�d� �u�p�p�e�r� �d�e�r�m�i�s� �e�x�c�e�p�t� �t�h�e� �a�r�e�a� �t�h�e� � 
�r�e�t�i�c�u�l�a�r� �d�e�r�m�i�s�.� �D�e�n�a�t�u�r�e�d� �c�o�l�l�a�g�e�n� �c�o�l�u�m�n� �w�a�s� 
�s�e�e�n� �t�h�r�o�u�g�h� �H�&�E� �t�e�s�t�.� �1�0� �w�e�e�k�s� �l�a�t�e�r�,� �t�h�e� 
�o�b�s�e�r�v�a�t�i�o�n� �c�l�e�a�r�l�y� �s�h�o�w�e�d� �t�h�a�t� �t�h�e� �p�a�t�t�e�r�n� �o�f� 
�n�e�w� �c�o�l�l�a�g�e�n� �w�a�s� �g�r�a�n�u�l�a�t�e�d� �o�n� �t�h�e� �a�r�e�a� �o�f� 
�d�a�m�a�g�e�d� �c�o�l�l�a�g�e�n�.� �T�h�e� �i�n�c�r�e�a�s�e�s� �w�e�r�e� �o�b�s�e�r�v�e�d� 
�i�n� �7�0� �d�a�y�s� �f�r�o�m� �t�h�e� �F�R�M� �t�r�e�a�t�m�e�n�t� �i�n� �v�a�r�i�o�u�s� 
�i�n�f�l�a�m�m�a�t�o�r�y� �c�y�t�o�k�i�n�e�,� �H�S�P�s�,� �p�r�o�c�o�l�l�a�g�e�n� �1�,� 
�p�r�o�c�o�l�l�a�g�e�n� �3�,� �t�r�o�p�o�e�l�a�s�t�i�n�,� �a�n�d� �f�i�b�r�i�l�l�i�n� �t�h�r�o�u�g�h� 
�R�T�-�P�C�R� �t�e�s�t�.� � �S�e�e�i�n�g� �t�h�e� �c�h�a�n�g�e� �d�u�e� �t�o� �t�h�e� 
�e�n�e�r�g�y� �l�e�v�e�l� �u�s�e�d� �f�o�r� �t�h�e� �t�r�e�a�t�m�e�n�t�,� �t�h�e� �t�i�s�s�u�e� 
�t�r�e�a�t�e�d� �w�i�t�h� �h�i�g�h� �l�e�v�e�l� �e�n�e�r�g�y� �s�h�o�w�e�d� �i�n�c�r�e�a�s�e� 
�o�f� �t�h�e� �n�u�m�b�e�r� �o�f� �f�i�b�r�o�b�l�a�s�t�,� �a�n�d� �t�h�e� �c�o�l�l�a�g�e�n� 
�r�e�p�r�o�d�u�c�t�i�o�n� �a�s� �w�e�l�l� �a�s� �t�h�e� �r�e�p�l�a�c�e�m�e�n�t� �o�f� 
�d�a�m�a�g�e�d� �c�o�l�l�a�g�e�n�.

Conclusion: 
� �F�R�M� �l�e�a�v�e�s� �m�i�n�i�m�a�l� �d�a�m�a�g�e� �b�y� �i�t�s� �n�e�e�d�l�e� 
�p�e�n�e�t�r�a�t�i�o�n� �o�n� �e�p�i�d�e�r�m�i�s� �a�n�d� �u�p�p�e�r� �d�e�r�m�i�s�,� �a�n�d� 
�f�r�a�c�t�i�o�n�a�l� �d�e�e�p� �d�e�r�m�a�l� �h�e�a�t�i�n�g� �i�s� �p�o�s�s�i�b�l�e� �i�n� �t�h�e� 
�l�o�w�e�r� �d�e�r�m�i�s�.� �S�u�c�h� �d�a�m�a�g�e�d� �c�o�l�l�a�g�e�n� �i�s� �h�e�a�l�e�d� 
�b�y� �n�e�w� �c�o�l�l�a�g�e�n� �b�e�i�n�g� �g�r�a�n�u�l�a�t�e�d� �a�s� �t�i�m�e� �p�a�s�s�e�s�,� 
�a�n�d� �f�i�b�r�o�b�l�a�s�t� �p�r�o�l�i�f�e�r�a�t�i�o�n� �w�a�s� �s�e�e�n�.� �T�h�e�s�e� 
�c�o�n�d�i�t�i�o�n�s� �a�r�e� �w�e�l�l� �o�b�s�e�r�v�e�d� �i�n� �R�T�-�P�C�R� �r�e�s�u�l�t�s�,� �a�s� 
�H�S�P� �e�x�p�r�e�s�s�i�o�n�s� �s�u�p�p�o�r�t�i�n�g� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �a� 
�n�e�w� �c�o�l�l�a�g�e�n� �i�n� �t�h�e� �t�i�s�s�u�e� �s�t�a�i�n�e�d� �w�i�t�h� �H�S�P� 
�a�n�t�i�b�o�d�y�.� � �F�R�M� �t�r�e�a�t�m�e�n�t� �i�s� �e�x�p�e�c�t�e�d� �t�o� �b�e� �g�o�o�d� 
�f�o�r� �a� �t�i�g�h�t�e�n�i�n�g�,� �w�r�i�n�k�l�e� �r�e�d�u�c�t�i�o�n�,� �a�n�d� �s�c�a�r� 
�t�r�e�a�t�m�e�n�t�,� �a�s� �i�t� �u�s�e�s� �v�a�r�i�o�u�s� �n�e�e�d�l�e� �d�e�p�t�h�s� �w�i�t�h� �t�h�e� 
�d�i�f�f�e�r�e�n�t� �t�a�r�g�e�t�s� �t�o� �i�n�d�u�c�e� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �a� �n�e�w� 
�c�o�l�l�a�g�e�n� �a�n�d� �e�l�a�s�t�i�n�.

Key words: 
� �b�i�p�o�l�a�r�;� �f�r�a�c�t�i�o�n�a�l�;� �m�i�c�r�o�-�n�e�e�d�l�e� �e�l�e�c�t�r�o�d�e�s�;� 
�n�e�o�c�o�l�l�a�g�e�n�e�s�i�s�;� �n�e�o�e�l�a�s�t�o�g�e�n�e�s�i�s�;
�d�e�e�p� �d�e�r�m�a�l� �h�e�a�t�i�n�g�;� �w�o�u�n�d� �h�e�a�l�i�n�g
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� �W�h�e�n� �A�S�R� �(�A�b�l�a�t�i�v�e� �S�k�i�n� �R�e�s�u�r�f�a�c�i�n�g�)� �w�a�s� 

�i�n�t�r�o�d�u�c�e�d� �t�o� �t�h�e� �a�e�s�t�h�e�t�i�c� �m�a�r�k�e�t�,� �i�t� �w�a�s� 

�e�f�f�e�c�t�i�v�e� �b�u�t� �i�t� �p�r�o�d�u�c�e�d� �p�a�t�i�e�n�t�s� �a� �l�o�t� �o�f� 

�p�a�i�n� �w�i�t�h� �a� �l�o�n�g� �d�o�w�n� �t�i�m�e�.� � �I�n� �c�o�n�t�r�a�s�t�,� 

�N�A�R� �(�N�o�n�-�a�b�l�a�t�i�v�e� �R�e�j�u�v�e�n�a�t�i�o�n�)’�s� �s�i�d�e� 
�e�f�f�e�c�t�s� �a�n�d� �p�a�i�n� �w�a�s� �a� �l�o�t� �l�e�s�s� �t�h�a�n� �A�S�R�,� 

�b�u�t� �i�t� �p�r�o�v�i�d�e�d� �i�n�s�u�f�f�i�c�i�e�n�t� �e�f�f�i�c�a�c�y� �t�o� �r�e�a�c�h� 

�t�h�e� �p�a�t�i�e�n�t’�s� �s�a�t�i�s�f�a�c�t�o�r�y� �l�e�v�e�l�.� �L�a�t�e�r�,� 

�f�r�a�c�t�i�o�n�a�l� �l�a�s�e�r� �t�e�c�h�n�o�l�o�g�y� �w�a�s� �i�n�t�r�o�d�u�c�e�d�,� 

�b�u�t� �e�p�i�d�e�r�m�i�s� �w�a�s� �b�u�r�n�t� �a�n�d� �l�e�f�t� 

�p�i�g�m�e�n�t�a�t�i�o�n� �w�h�e�n� �i�t� �t�r�i�e�d� �t�o� �d�e�l�i�v�e�r� �t�h�e� 

�s�t�r�o�n�g� �e�n�e�r�g�y� �t�o� �d�e�e�p� �s�k�i�n� �l�a�y�e�r�.� � �I�t� �w�a�s� 

�o�b�v�i�o�u�s� �a�s� �i�t� �u�s�e�s� �e�p�i�d�e�r�m�i�s� �a�s� �t�h�e� 

�p�a�s�s�a�g�e� �o�f� �t�h�e� �t�h�e�r�m�a�l� �e�n�e�r�g�y�.� �T�h�e� �n�e�w� 

�b�i�p�o�l�a�r� �m�i�c�r�o�n�e�e�d�l�e�s� �R�F� �d�e�v�i�c�e� �w�a�s� 

�i�n�v�e�n�t�e�d� �t�o� �s�a�t�i�s�f�y� �s�u�c�h� �d�e�m�a�n�d�s� �a�n�d� 

�n�e�e�d�s�.� � �T�h�i�s� �m�a�c�h�i�n�e� �h�a�s� �m�i�c�r�o�n�e�e�d�l�e�s� 

�a�n�d� �i�t� �d�e�l�i�v�e�r�s� �f�r�a�c�t�i�o�n�a�l� �R�F� �e�n�e�r�g�y� �t�o� 

�i�n�d�u�c�e� �t�h�e� �t�h�e�r�m�a�l� �d�a�m�a�g�e� �i�n� �t�h�e� �t�a�r�g�e�t� 

�a�r�e�a� �o�f� �t�h�e� �d�e�r�m�i�s�.� � �F�r�a�c�t�i�o�n�a�l� �R�a�d�i�o�f�r�e�q�u�e�n�c�y� 

�M�i�c�r�o�n�e�e�d�l�i�n�g� �(�F�R�M�T�M�)� �m�a�k�e�s� �t�h�e�r�m�a�l�l�y� �a�n�d� 

�p�a�r�t�i�a�l�l�y� �i�n�j�u�r�e�d� �c�o�l�u�m�n�s� �i�n� �d�e�e�p� �d�e�r�m�i�s�.� � �T�h�e� 

�d�e�r�m�i�s� �i�n� �b�e�t�w�e�e�n� �t�h�e� �t�h�e�r�m�a�l�l�y� �i�n�j�u�r�e�d� 

�c�o�l�u�m�n�s� �i�s� �n�o�t� �w�o�u�n�d�e�d�.� � �A� �h�i�s�t�o�l�o�g�y�,� 

�i�m�m�u�n�o�h�i�s�t�o�c�h�e�m�i�s�t�r�y�,� �a�n�d� �m�o�l�e�c�u�l�a�r� �b�i�o�l�o�g�i�c�a�l� 

�s�t�u�d�i�e�s� �a�r�e� �a�d�o�p�t�e�d� �t�o� �o�b�s�e�r�v�e� �w�o�u�n�d� 

�h�e�a�l�i�n�g� �p�r�o�c�e�s�s� �o�n� �h�u�m�a�n� �b�o�d�y� �a�n�d� 

�m�i�c�r�o�-�p�i�g�.� � �A�s� �r�e�s�u�l�t�s�,� �w�e� �f�o�u�n�d� �o�u�t� �t�h�e� 

�f�a�c�t� �t�h�a�t� �F�R�M� �t�r�e�a�t�m�e�n�t� �i�n�d�u�c�e�s� �a� �s�t�r�o�n�g� 

�w�o�u�n�d� �h�e�a�l�i�n�g� �r�e�s�p�o�n�s�e� �t�o� �c�o�l�l�a�g�e�n� �d�r�a�w� 

�o�u�t� �a�n�d� �e�l�a�s�t�i�n� �r�e�m�o�d�e�l�i�n�g� �b�y� �e�x�p�r�e�s�s�i�n�g� � 

�H�S�P�s� �a�n�d� �c�y�t�o�k�i�n�e�s�.

STUDY DESIGN AND METHODS
� �A� �s�t�u�d�y� �w�a�s� �c�a�r�r�i�e�d� �o�u�t� �t�o�t�a�l� �o�f� �7�0� �d�a�y�s� 

�w�i�t�h� �1�0� �s�u�b�j�e�c�t�s� �a�n�d� �m�i�c�r�o�-�p�i�g�.� � �P�a�t�i�e�n�t�s� 

�a�n�d� �m�i�c�r�o�-�p�i�g� �w�e�r�e� �t�r�e�a�t�e�d� �a�n�d� �o�b�s�e�r�v�e�d� 

�i�m�m�e�d�i�a�t�e�l�y� �a�f�t�e�r�,� �2� �d�a�y�s�,� �1�4� �d�a�y�s�,� �2�8� �d�a�y�s�,� 

�a�n�d� �1�0� �w�e�e�k�s� �l�a�t�e�r�.� � �T�h�e� �t�r�e�a�t�m�e�n�t� �h�a�d� 

�d�o�n�e� �p�r�i�o�r� �t�o� �t�h�e�i�r� �p�r�e�s�c�h�e�d�u�l�e�d� �b�i�o�p�s�y� �t�o� 

�c�a�p�t�u�r�e� �t�h�e� �t�e�m�p�o�r�a�l� �e�v�o�l�u�t�i�o�n� �o�f� �t�h�e� �i�n� 

�v�i�v�o� �w�o�u�n�d� �h�e�a�l�i�n�g� �r�e�s�p�o�n�s�e�.� 

�F�R�M� �d�e�l�i�v�e�r�s� �b�i�p�o�l�a�r� �R�F� �i�n�t�o� �d�e�r�m�i�s� �b�y� �4�9� 

�m�i�c�r�o�n�e�e�d�l�e�s� �e�l�e�c�t�r�o�d�e�s� �o�f� �1�.�5�m�m� �o�r� �0�.�8�m�m� 

�i�n� �t�h�e�i�r� �l�e�n�g�t�h�.� � �M�i�c�r�o�n�e�e�d�l�e�s� �a�r�e� �i�n�s�e�r�t�e�d� 

�i�n�t�o� �s�k�i�n� �a�t� �9�0� �d�e�g�r�e�e�s�.� � �R�F� �i�s� �e�m�i�t�t�e�d� �t�o� 

�d�e�r�m�i�s� �a�f�t�e�r� �0�.�2� �s�e�c�o�n�d�s� �p�o�s�t� �t�h�e� �i�n�s�e�r�t�i�o�n� 

�o�f� �m�i�c�r�o�n�e�e�d�l�e�s�.� �T�h�e� �d�e�l�i�v�e�r�y� �t�i�m�e�s� �o�f� �R�F� 

�e�n�e�r�g�y� �a�r�e� �d�i�f�f�e�r�e�n�t� �b�y� �t�h�e� �e�n�e�r�g�y� �l�e�v�e�l�,� 

�a�n�d� �t�h�e� �l�e�n�g�t�h�s� �o�f� �n�e�e�d�l�e�s� �c�o�u�l�d� �b�e� 

�c�h�o�s�e�n� �a�m�o�n�g� �0�.�5�,� �0�.�8�,� �1�.�5�,� �a�n�d� �2�.�0�m�m�.� � � 

�H�i�s�t�o�l�o�g�i�c�a�l� �w�o�u�n�d� �h�e�a�l�i�n�g� �r�e�s�p�o�n�s�e� �w�a�s� 

�m�e�a�s�u�r�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �d�e�e�p� �d�e�r�m�a�l� �h�e�a�t�i�n�g� 

�o�f� �c�o�l�l�a�g�e�n�,� �e�l�a�s�t�i�n�,� �a�n�d� �i�n�f�l�a�m�m�a�t�i�o�n�.� 

�I�n�c�i�s�i�o�n� �t�r�e�a�t�m�e�n�t�s� �w�e�r�e� �d�o�n�e� �f�o�r� �2� �d�i�f�f�e�r�e�n�t� 

�2�m�m� �b�i�o�p�s�i�e�s� �a�t� �e�a�c�h� �t�i�m�e� �p�o�i�n�t�s�.� � �T�h�e� 

�b�i�o�p�s�i�e�d� �t�i�s�s�u�e� �w�a�s� �s�e�t� �i�n� �1�0�%� �n�e�u�t�r�a�l� 

�b�u�f�f�e�r�e�d� �f�o�r�m�a�l�i�n� �a�n�d� �m�o�v�e�d� �i�n�t�o� �p�a�r�a�f�f�i�n�.� 

�1�0� �p�a�r�a�f�f�i�n� �o�r� �s�e�c�t�i�o�n�s� �w�e�r�e� �s�t�a�i�n�e�d� �w�i�t�h� 

�H�&�E� �a�n�d� �H�S�P�4�7� �t�h�r�o�u�g�h� �s�e�r�i�a�l� �s�e�c�t�i�o�n�.� 

�S�e�m�i�-�q�u�a�n�t�i�t�a�t�i�v�e� �r�e�v�e�r�s�e� �t�r�a�n�s�c�r�i�p�t�i�o�n� �c�h�a�i�n� 

�r�e�a�c�t�i�o�n�,� �R�T�-�P�C�R� �i�s� �u�s�e�d� �t�o� �m�e�a�s�u�r�e� �t�h�e� 

�c�h�a�n�g�e�s� �i�n� �m�o�l�e�c�u�l�e�s� �o�f� �r�e�m�o�d�e�l�i�n�g� �w�i�t�h�i�n� 

�t�h�e� �d�e�r�m�i�s� �p�o�s�t� �F�R�M� �t�r�e�a�t�m�e�n�t�.� � �E�l�e�c�t�r�o�p�h�o�r�e�s�i�s� 

�w�a�s� �i�m�p�l�e�m�e�n�t�e�d� �a�f�t�e�r� �t�h�e� �R�T�-�P�C�R�.� � �T�h�e� 

�d�e�n�s�i�t�o�m�e�t�r�y� �a�n�a�l�y�s�i�s� �u�s�i�n�g� �A�l�p�h�a�s�E�a�s�e� 

�s�o�f�t�w�a�r�e� �w�a�s� �u�s�e�d�,� �a�n�d� ß�-�a�c�t�i�n�,� ß�-�g�l�o�b�i�n� 

�g �l �y �c �e �r �a �l �d �e �h �y �d �e �- �3 �- �p �h �o �s �p �h �a �t �e� 

�d�e�h�y�d�r�o�g�e�n�a�s�e� �w�a�s� �u�s�e�d� �a�s� �h�o�u�s�e�k�e�e�p�i�n�g� 

�g�e�n�e�s�.� � �A�m�p�l�i�c�o�n� �i�n�t�e�n�s�i�t�y� �r�a�t�i�o� �w�a�s� �e�s�t�i�m�a�t�e�d� 

�b�y� �d�i�v�i�d�i�n�g� �t�h�e� �i�n�t�e�n�s�i�t�y� �o�f� �h�o�u�s�e�k�e�e�p�i�n�g� �g�e�n�e� 

�w�i�t�h� �t�h�e� �i�n�t�e�n�s�i�t�y� �v�a�l�u�e� �f�o�r� �t�h�e� �g�e�n�e� �o�f� 

�i�n�t�e�r�e�s�t� �b�y� �t�h�e� �i�n�t�e�n�s�i�t�y� �v�a�l�u�e� �o�f� �f�o�r� ß�-�a�c�t�i�n�.� � 

�T�h�e� �s�t�u�d�y� �o�b�s�e�r�v�e�d� �w�o�u�n�d� �h�e�a�l�i�n�g� �r�e�s�p�o�n�s�e� �i�n� 

�t�h�e� �h�u�m�a�n� �b�o�d�y� �a�n�d� �m�i�c�r�o�-�p�i�g� �b�y� �h�i�s�t�o�l�o�g�y�,� 

�i�m�m�u�n�o�h�i�s�t�o�c�h�e�m�i�s�t�r�y�,� �m�o�l�e�c�u�l�a�r� �b�i�o�l�o�g�y� 

�t�e�c�h�n�o�l�o�g�i�e�s�.� � �R�e�s�e�a�r�c�h� �f�i�n�d�i�n�g�s� �i�n�d�i�c�a�t�e� �t�h�a�t� 

�F�R�M� �t�e�c�h�n�o�l�o�g�y� �e�n�a�b�l�e�s� �c�o�a�g�u�l�a�t�i�o�n� �n�e�c�r�o�s�i�s� 

�c�o�l�u�m�n� �t�o� �b�e� �d�e�v�e�l�o�p�e�d� �i�n� �t�h�e� �d�e�r�m�i�s�,� �a�n�d� 

�i�n�d�u�c�e�d� �d�r�a�m�a�t�i�c� �w�o�u�n�d� �h�e�a�l�i�n�g� �r�e�s�p�o�n�s�e�,� 

�r�e�m�a�r�k�a�b�l�e� �i�n�c�r�e�a�s�e� �i�n� �H�S�P� �e�x�p�r�e�s�s�i�o�n� �a�l�o�n�g� 

�w�i�t�h� �d�y�n�a�m�i�c�a�l� �r�e�m�o�d�e�l�i�n�g� �o�f� �c�o�l�l�a�g�e�n� �a�n�d� 

�e�l�a�s�t�i�n�.� �T�h�u�s�,� �t�h�i�s� �d�e�e�p� �d�e�r�m�a�l� �f�r�a�c�t�i�o�n�a�l� 

�h�e�a�t�i�n�g�,� �F�R�M� �t�e�c�h�n�o�l�o�g�y� �w�i�l�l� �b�e� �g�o�o�d� �f�o�r� 

�f�a�c�i�a�l� �w�r�i�n�k�l�e�s�,� �t�i�g�h�t�e�n�i�n�g� �a�n�d� �s�c�a�r� �t�r�e�a�t�m�e�n�t�.
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RESULTS AND CONCLUSION

Deep dermal fractional heating.
� �T�o� �s�e�e� �t�h�e� �c�h�a�n�g�e� �i�n� �t�h�e� �t�i�s�s�u�e� �a�f�t�e�r� �F�R�M� 

�t�r�e�a�t�m�e�n�t�,� �b�i�o�p�s�i�e�d� �t�i�s�s�u�e� �w�a�s� �s�t�a�i�n�e�d� �b�y� �H�&�E� 

�i�m�m�e�d�i�a�t�e�,� �2�d�a�y�s�,� �1�4�d�a�y�s�,� �2�8� �d�a�y�s�,� �a�n�d� �1�0� 

�w�e�e�k�s� �p�o�s�t�-�t�r�e�a�t�m�e�n�t�s�.� �T�h�e�r�m�a�l�l�y� �d�a�m�a�g�e�d� 

�a�r�e�a� �w�a�s� �d�e�t�e�c�t�e�d� �i�n� �r�e�t�i�c�u�l�a�r� �d�e�r�m�i�s� 

�i�m�m�e�d�i�a�t�e�l�y� �a�f�t�e�r� �F�R�M� �t�r�e�a�t�m�e�n�t� �(�F�i�g�.�1�A�)�.� 

�C�o�a�g�u�l�a�t�i�o�n� �n�e�c�r�o�s�i�s� �p�a�r�t� �i�s� �f�o�r�m�e�d� �i�n� �t�h�e� �d�e�e�p� 

�d�e�r�m�i�s�.� �C�o�l�l�a�g�e�n� �d�e�n�a�t�u�r�e�d� �a�r�e�a� �i�s� �d�i�s�a�p�p�e�a�r�i�n�g� 

�g�r�a�d�u�a�l�l�y� �1�4� �d�a�y�s� �p�o�s�t�-�t�r�e�a�t�m�e�n�t� �(�F�i�g�.�1�B�)�,� �a�n�d� 

�t�h�e�n� �r�e�p�l�a�c�e�d� �w�i�t�h� �a� �n�e�w� �c�o�l�l�a�g�e�n� �c�o�m�p�l�e�t�e�l�y� �i�n� 

�7�0� �d�a�y�s� �p�o�s�t�-�t�r�e�a�t�m�e�n�t� �(�F�i�g�.�1�C�)�.� �A� �c�o�n�n�e�c�t�i�o�n� 

�o�f� �t�w�o� �c�o�a�g�u�l�a�t�i�o�n� �c�o�l�u�m�n�s� �w�i�t�h� �n�e�e�d�l�e�s� �t�r�a�c�t�s� 

�o�n� �t�h�e� �e�p�i�d�e�r�m�i�s� �w�e�r�e� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� �t�i�s�s�u�e� �b�y� 

�s�e�r�i�a�l� �s�e�c�t�i�o�n� �j�u�s�t� �a�f�t�e�r� �t�h�e� �t�r�e�a�t�m�e�n�t� �(�F�i�g�.�2�)�.

Collagen damage is repaired with time.
� �A�n� �i�n�f�i�l�t�r�a�t�i�o�n� �o�f� �i�n�f�l�a�m�m�a�t�o�r�y� �c�e�l�l�s� �w�a�s� �s�e�e�n� �t�o� 

�t�h�e� �t�i�m�e� �p�o�i�n�t�s�.� � �F�r�o�m� �p�o�s�t�o�p�e�r�a�t�i�v�e� �2� �d�a�y�s� �p�o�s�t� 

�t�r�e�a�t�m�e�n�t� �s�l�i�g�h�t� �p�e�r�m�e�a�t�i�o�n� �o�f� �i�n�f�l�a�m�m�a�t�o�r�y� �c�e�l�l�s� 

�i�s� �s�e�e�n� �(�F�i�g�.�3�A�)�,� �p�a�r�t�i�a�l�l�y� �d�a�m�a�g�e�d� �c�o�l�l�a�g�e�n� �i�s� 

�a�b�s�o�r�b�e�d� �i�n� �1�4� �d�a�y�s� �a�n�d� �n�e�w� �c�o�l�l�a�g�e�n� �i�s� �s�e�e�n� 

�(�F�i�g�.�3�B�)�.� �P�o�s�t�o�p�e�r�a�t�i�v�e� �2�8�d�a�y�s�,� �t�h�e� �p�r�o�l�i�f�e�r�a�t�i�o�n� �o�f� 

�y�o�u�n�g� �f�i�b�r�o�b�l�a�s�t� �i�s� �o�b�s�e�r�v�e�d� �(�F�i�g�.�3�C�)�.� �L�e�s�i�o�n� �i�s� 

�b�e�i�n�g� �r�e�p�l�a�c�e�d� �w�i�t�h� �n�e�w� �c�o�l�l�a�g�e�n� �i�n� �7�0� �d�a�y�s�.
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Neo-collagenesis is correlated to degree of damage.
� �T�h�i�s� �r�e�s�e�a�r�c�h� �s�h�o�w�s� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� 
�a� �n�e�w� �c�o�l�l�a�g�e�n� �p�r�o�d�u�c�t�i�o�n� �a�n�d� �e�n�e�r�g�y� �l�e�v�e�l� �o�n� 
�d�a�m�a�g�e�,� �a�s� �t�h�e� �o�b�s�e�r�v�a�t�i�o�n� �s�h�o�w�s� �t�h�e� �i�n�c�r�e�a�s�e� 
�o�f� �t�h�e� �f�i�b�r�o�b�l�a�s�t� �p�r�o�l�i�f�e�r�a�t�i�o�n� �a�n�d� �H�S�P�4�7� 
�e�x�p�r�e�s�s�i�o�n� �a�t� �t�h�e� �v�a�r�i�o�u�s� �e�n�e�r�g�y� �l�e�v�e�l�s�.� �A�s� �t�h�e� 
�e�n�e�r�g�y� �l�e�v�e�l� �i�n�c�r�e�a�s�e�d�,� �c�o�l�l�a�g�e�n� �p�r�o�d�u�c�t�i�o�n� �a�l�s�o� 
�i�n�c�r�e�a�s�e�d� �a�l�o�n�g� �w�i�t�h� �t�h�e� �n�u�m�b�e�r� �o�f� �f�i�b�r�o�b�l�a�s�t� 
�(�F�i�g�.�5�)�.� �H�S�P�4�7� �a�l�s�o� �w�a�s� �e�x�p�r�e�s�s�e�d� �m�o�r�e� �i�n� �t�h�e� 
�h�i�g�h�e�r� �l�e�v�e�l� �(�F�i�g�.�6�)�.

�H�S�P�4�7� �i�s� �e�x�p�r�e�s�s�e�d� �i�n� �t�h�e� �d�e�r�m�i�s� �b�e�t�w�e�e�n� �2�8� 

�d�a�y�s� �a�n�d� �7�0�d�a�y�s� �a�f�t�e�r� �t�h�e� �t�r�e�a�t�m�e�n�t� �u�n�i�t�e�d�l�y� 

�w�i�t�h� �t�h�e� �r�e�s�p�o�n�s�e� �o�f� �i�n�f�l�a�m�m�a�t�o�r�y� �c�e�l�l�s� �(�F�i�g�.�4�)

�T�h�e� �R�T�-�P�C�R� �h�a�s� �b�e�e�n� �t�a�k�e�n� �b�e�f�o�r�e� �t�h�e� 

�t�r�e�a�t�m�e�n�t� �a�n�d� �i�n� �t�h�e� �v�a�r�i�o�u�s� �t�i�m�e� �p�o�i�n�t�s� �t�o� 

�u�n�d�e�r�s�t�a�n�d� �b�e�t�t�e�r� �o�n� �t�h�e� �r�e�s�u�l�t�s� �o�f� �m�o�l�e�c�u�l�e� 

�e�v�e�n�t�s� �a�r�o�u�s�i�n�g� �b�y� �F�R�M� �t�r�e�a�t�m�e�n�t�.� �R�e�s�e�a�r�c�h� 

�f�o�u�n�d� �t�h�a�t� �c�y�t�o�k�i�n�e� �e�x�p�r�e�s�s�i�o�n� �i�n�c�r�e�a�s�e� �f�o�r� �4� 

�w�e�e�k�s� �s�t�a�b�l�y� �b�u�t� �M�M�P�s� �i�n�c�r�e�a�s�e�d� �g�r�a�d�u�a�l�l�y�.� � 

�H�S�P�4�7� �i�n�c�r�e�a�s�e�d� �o�v�e�r� �3� �t�i�m�e�s� �u�n�t�i�l� �7�0� �d�a�y�s� �a�n�d� 

�t�h�e� �e�x�p�r�e�s�s�i�o�n� �l�e�v�e�l� �o�f� �e�x�t�r�a�c�e�l�l�u�l�a�r� �m�a�t�r�i�x� 

�p�r�o�t�e�i�n� �a�l�s�o� �c�o�n�t�i�n�u�e�d� �t�o� �i�n�c�r�e�a�s�e� �u�p� �t�o� �5�,� �3� 

�t�i�m�e�s� �b�e�f�o�r�e� �t�r�e�a�t�m�e�n�t� �i�n� �t�r�o�p�o�e�l�a�s�t�i�n� �a�n�d� 

�p�r�o�c�o�l�l�a�g�e�n� �c�a�s�e�s� �(�T�a�b�l�e�.�1�)

�F�i�g�.�1�.� �F�R�M� �l�e�s�i�o�n�s� �p�o�s�t�-�t�r�e�a�t�m�e�n�t�.� �S�t�u�d�y� �a�d�o�p�t�e�d� �i�n� �v�i�v�o� �t�e�s�t� �o�n� �h�u�m�a�n� �s�k�i�n� �i�m�m�e�d�i�a�t�e�l�y�,� �1�4� �d�a�y�s�,� �1�0� �w�e�e�k�s� �p�o�s�t� 

�F�R�M� �t�r�e�a�t�m�e�n�t�.� � �O�b�s�e�r�v�a�t�i�o�n� �i�n�d�i�c�a�t�e�s� �r�e�m�o�d�e�l�i�n�g� �i�n� �t�h�e� �d�e�r�m�i�s� �f�o�r� �1�0� �w�e�e�k�s�.� �I�m�m�e�d�i�a�t�e� �p�o�s�t�o�p�e�r�a�t�i�v�e� �s�h�o�w�n� �a�s� 

“�(�A�)”�,� “�(�B�)”� �i�s� �p�o�s�t�o�p�e�r�a�t�i�v�e� �1�4�d�a�y�s�,� �a�n�d� “�(�C�)”� �i�s� �p�o�s�t�o�p�e�r�a�t�i�v�e� �1�0�w�e�e�k�s�.� � �T�h�e� �i�m�m�e�d�i�a�t�e� �p�o�s�t�o�p�e�r�a�t�i�v�e� 

�s�h�o�w�s� �a� �c�l�e�a�r� �a�p�p�r�o�v�a�l� �o�f� �d�e�e�p� �d�e�r�m�a�l� �f�r�a�c�t�i�o�n�a�l� �h�e�a�t�i�n�g� �w�i�t�h�o�u�t� �d�a�m�a�g�e� �o�n� �t�h�e� �e�p�i�d�e�r�m�i�s�,� �a�n�d� �t�h�e� �d�e�n�s�i�t�y� �o�f� 

�c�o�l�l�a�g�e�n� �p�o�s�t�o�p�e�r�a�t�i�v�e� �1�0� �w�e�e�k�s� �m�o�r�e� �i�n�c�r�e�a�s�e�d� �t�h�a�n� �i�m�m�e�d�i�a�t�e� �p�o�s�t�o�p�e�r�a�t�i�v�e�.� � �E�v�e�r�y� �a�p�p�r�o�v�a�l� �s�h�o�w�s� �d�e�r�m�i�s� 

�r�e�m�o�d�e�l�i�n�g� �a�n�d� �t�h�e� �p�r�o�g�r�e�s�s� �o�f� �n�e�w� �c�o�l�l�a�g�e�n� �w�a�s� �b�e�i�n�g� �c�r�e�a�t�e�d�.� � �A�l�l� �i�m�a�g�e�s� �a�r�e� �H�&�E� �s�t�a�i�n�e�d� �a�n�d� �s�h�o�w�n� �a�t� �2�X� 

�t�h�e� �o�r�i�g�i�n�a�l� �m�a�g�n�i�f�i�c�a�t�i�o�n�.

�A �B �C
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No change beyond the treatment depth.
� �H�S�P�4�7� �e�x�p�r�e�s�s�i�o�n� �a�r�e�a� �w�a�s� �o�b�s�e�r�v�e�d� �t�o� �s�e�e� 

�t�h�e� �i�n�f�l�u�e�n�c�e� �o�n� �t�h�e� �e�x�t�e�n�s�i�o�n� �o�f� �c�o�l�l�a�g�e�n� 

�r�e�m�o�d�e�l�i�n�g� �w�h�i�c�h� �c�a�n� �b�e� �c�a�u�s�e�d� �b�y� �F�R�M� 

�t�r�e�a�t�m�e�n�t�.� � �T�h�e� �c�o�m�p�a�r�i�s�o�n� �o�f� �H�&�E� �a�n�d� �H�S�P�4�7� 

�s�t�a�i�n�e�d� �t�i�s�s�u�e� �s�h�o�w�s� �t�h�e� �o�c�c�u�r�r�e�n�c�e�s� �o�f� �t�h�e� 

�s�t�r�o�n�g�e�s�t� �e�x�p�r�e�s�s�i�o�n� �a�t� �t�h�e� �a�r�e�a� �o�f� �c�o�l�l�a�g�e�n� 

�d�e�n�a�t�u�r�a�t�i�o�n�.� � �H�o�w�e�v�e�r�,� �i�t� �w�a�s�n’�t� �e�x�p�r�e�s�s�e�d� 

�a�n�y� �e�n�e�r�g�y� �l�e�v�e�l� �i�n� �t�h�e� �d�e�e�p�e�r� �a�r�e�a� �(�F�i�g�.�7�)�.� 

�T�h�e�r�e�f�o�r�e�,� �i�t� �i�s� �b�e�t�t�e�r� �t�o� �t�r�y� �F�R�M� �t�o� �t�r�e�a�t� �t�h�e� �t�a�r�g�e�t� 

�a�r�e�a� �w�h�e�n� �t�h�e� �l�e�s�i�o�n� �i�s� �i�n� �t�h�e� �d�e�e�p� �a�r�e�a�.

�F�i�g�.�2�.� �I�m�m�e�d�i�a�t�e� �a�f�t�e�r� �F�R�M� �t�r�e�a�t�m�e�n�t�.� �C�o�a�g�u�l�a�t�i�o�n� 

�c�o�l�u�m�n�s� �w�e�r�e� �m�a�d�e� �t�h�a�t� �c�o�n�n�e�c�t�e�d� �b�y� �t�h�e� �t�w�o� 

�e�l�e�c�t�r�o�d�e�s� �o�f� �b�i�p�o�l�a�r� �R�F� �p�l�u�s� �a�n�d� �m�i�n�u�s� �b�e�i�n�g� 

�c�o�n�n�e�c�t�e�d� �p�r�e�c�i�s�e�l�y�.

�F�i�g�.�3�.� �T�h�e� �a�m�o�r�p�h�o�u�s� �d�e�g�e�n�e�r�a�t�i�o�n�.� �T�h�e�r�e� �i�s� �a� 

�m�i�n�i�m�a�l� �i�n�f�l�a�m�m�a�t�i�o�n� �i�n� �t�h�e� �l�e�s�i�o�n� �i�n� �2� �d�a�y�s� 

�p�o�s�t�-�t�r�e�a�t�m�e�n�t� �(�A�)�.� � �M�i�l�d� �i�n�f�i�l�t�r�a�t�e� �o�f� �c�h�r�o�n�i�c� 

�i�n�f�l�a�m�m�a�t�o�r�y� �c�e�l�l�s� �a�r�e� �p�r�e�s�e�n�t� �i�n� �t�h�e� �l�e�s�i�o�n� �a�n�d� 

�a�d�j�a�c�e�n�t� �p�e�r�i�v�a�s�c�u�l�a�r� �s�p�a�c�e�s� �1�4� �d�a�y�s� �p�o�s�t� �t�r�e�a�t�m�e�n�t� 

�(�B�)�.� � �T�h�e� �l�e�s�i�o�n� �g�o�t� �a�b�s�o�r�b�e�d� �a�n�d� �a�p�p�e�a�r�e�d� 

�e�d�e�m�a�t�o�u�s�.� � �T�h�e� �i�r�r�e�g�u�l�a�r� �c�o�l�l�a�g�e�n� �t�i�s�s�u�e� �p�a�r�t�i�a�l�l�y� 

�r�e�p�l�a�c�e�d� �t�o� �t�h�e� �d�e�g�e�n�e�r�a�t�e�d� �l�e�s�i�o�n� �I�n� �2�8� �d�a�y�s� �p�o�s�t� 

�t�r�e�a�t�m�e�n�t� �(�C�)�.� � �T�h�e� �l�e�s�i�o�n� �i�s� �a�l�m�o�s�t� �r�e�p�l�a�c�e�d� �b�y� 

�c�o�l�l�a�g�e�n� �a�n�d� �w�a�s� �r�e�m�a�r�k�a�b�l�y� �r�a�i�s�e�d� �c�e�l�l� �d�e�n�s�i�t�y� �i�n� 

�7�0�d�a�y�s� �p�o�s�t� �t�r�e�a�t�m�e�n�t� �(�D�)�.� � �T�h�e� �i�m�a�g�e� �i�s� �s�e�e�n� �a�t� �t�h�e� 

�4�X� �o�r�i�g�i�n�a�l� �m�a�g�n�i�f�i�c�a�t�i�o�n�.

�F�i�g�.�4�.� �H�S�P�4�7� �r�e�s�p�o�n�s�e�s� �t�o� �F�R�M� �t�r�e�a�t�m�e�n�t�.� �T�h�e� �t�i�s�s�u�e� 

�o�f� �m�i�c�r�o�-�p�i�g� �w�a�s� �s�t�a�i�n�e�d� �w�i�t�h� �H�S�P�4�7� �a�n�t�i�b�o�d�y� �p�o�s�t� 

�F�R�M� �t�r�e�a�t�m�e�n�t�.� �(�A�)� �i�s� �i�m�m�e�d�i�a�t�e�l�y� �p�o�s�t� �t�r�e�a�t�m�e�n�t�,� �(�B�)� 

�i�s� �1�4� �d�a�y�s� �p�o�s�t� �t�r�e�a�t�m�e�n�t�,� �a� �m�i�n�i�m�u�m� �o�f� �H�S�P�4�7� 

�e�x�p�r�e�s�s�i�o�n� �w�a�s� �d�e�t�e�c�t�e�d� �i�n� �t�h�e� �d�e�r�m�i�s� �i�m�m�e�d�i�a�t�e�l�y� 

�p�o�s�t� �F�R�M� �t�r�e�a�t�m�e�n�t�.� �H�S�P�4�7� �i�n�c�r�e�a�s�e�s� �g�r�a�d�u�a�l�l�y� �(�B�)�,� 

�e�x�p�r�e�s�s�e�d� �b�e�t�w�e�e�n� �2�8� �d�a�y�s� �(�C�)� �a�n�d� �1�0� �w�e�e�k�s� �(�D�)�,� 

�a�n�d� �d�i�f�f�u�s�e�d� �c�a�u�s�i�n�g� �t�h�e� �c�o�a�g�u�l�a�t�i�o�n� �n�e�c�r�o�s�i�s� 

�c�o�l�u�m�n� �t�o� �b�e� �w�e�l�l� �r�e�c�o�v�e�r�e�d�.

�B�i�o�p�s�y� �s�h�o�w�e�d� �t�h�a�t� �t�h�e� �n�u�m�b�e�r� �o�f� �t�h�e� �f�i�b�r�o�b�l�a�s�t� 

�d�i�d�n’�t� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �l�o�w� �e�n�e�r�g�y� �l�e�v�e�l�,� �a�n�d� 

�o�n�l�y� �t�h�e� �h�y�p�e�r�t�r�o�p�h�i�c� �r�e�s�p�o�n�s�e� �w�h�i�c�h� �c�a�n� �g�e�t� 

�f�i�b�e�r�s� �t�h�i�c�k�e�r�.� �W�h�i�l�e� �f�i�b�r�o�b�l�a�s�t� �n�u�m�b�e�r� �i�n�c�r�e�a�s�e�d� 

�i�n� �t�h�e� �h�i�g�h�e�r� �e�n�e�r�g�y� �s�h�o�w�i�n�g� �h�y�p�e�r�p�l�a�s�t�i�c� 

�r�e�s�p�o�n�s�e�,� �a�n� �i�n�c�r�e�a�s�e� �i�n� �c�e�l�l�u�l�a�r�i�t�y�.� �T�h�e� �n�u�m�b�e�r� 

�o�f� �c�e�l�l�s� �i�n�c�r�e�a�s�e�s� �d�u�r�i�n�g� �t�h�e� �w�o�u�n�d� �h�e�a�l�i�n�g�,� �t�h�e� 

�e�f�f�e�c�t� �c�o�n�t�i�n�u�e�d� �a� �l�o�n�g� �t�i�m�e�,� �i�n� �g�e�n�e�r�a�l�.
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�F�i�g�.�5�.� �F�i�g� �o�f� �m�i�c�r�o�-�p�i�g� �t�i�s�s�u�e� �7�0� �d�a�y�s� �p�o�s�t� �F�R�M� 
�t�r�e�a�t�m�e�n�t�.� � �N�u�c�l�e�u�s� �a�n�d� �f�i�b�e�r�s� �a�r�e� �i�n�c�r�e�a�s�e�d� �m�o�r�e� �a�s� 
�e�n�e�r�g�y� �l�e�v�e�l� �g�e�t� �h�i�g�h�e�r�.

�F�i�g�.�6�.� �H�S�P�4�7� �r�e�s�p�o�n�s�e� �7�0� �d�a�y�s� �p�o�s�t� �F�R�M� �t�r�e�a�t�m�e�n�t�.� 
�I�n� �f�a�c�t�,� �H�S�P�4�7� �e�x�p�r�e�s�s�i�o�n� �i�s� �m�o�r�e� �t�h�a�n� �d�o�u�b�l�e�d� �i�n� 
�t�h�e� �h�i�g�h�e�r� �e�n�e�r�g�y� �l�e�v�e�l�,� �w�h�i�c�h� �m�e�a�n�s� �h�i�g�h� �e�n�e�r�g�y� 
�l�e�v�e�l� �c�a�u�s�e�s� �t�h�e� �g�r�e�a�t�e�r� �c�o�l�l�a�g�e�n� �c�o�m�p�o�s�i�t�i�o�n�.

�F�i�g�.�7�.� �R�e�s�p�o�n�s�e�s� �o�f� �H�S�P�4�7� �t�o� �F�R�M� �t�r�e�a�t�m�e�n�t�.
�H�S�P�4�7� �i�s� �e�x�p�r�e�s�s�e�d� �b�e�t�w�e�e�n� �d�e�n�a�t�u�r�e�d� �a�r�e�a�s�,� �b�u�t� 
�n�e�v�e�r� �e�x�p�r�e�s�s�e�d� �i�n� �t�h�e� �d�e�e�p� �d�e�r�m�i�s� �d�e�e�p�e�r� �t�h�a�n� �t�h�e� 

�a�r�e�a� �t�r�e�a�t�e�d� �b�e�f�o�r�e�. 

collagen. Through the study, fractional deep 
dermal heating system on a selected target area 
is expected to provide good and positive efficacy 
for a
skin tightening, wrinkle reduction, scars and pore 
treatment.

�1�L �2�L

�3�L �4�L

�3�L �4�L

DISCUSSION

� �T�h�e� �1�0� �w�e�e�k�s� �o�b�s�e�r�v�a�t�i�o�n� �p�o�s�t� �F�R�M� �t�r�e�a�t�m�e�n�t� 
�h�a�s� �s�h�o�w�n� �d�e�r�m�i�s� �r�e�m�o�d�e�l�i�n�g� �p�r�o�c�e�s�s� �s�u�c�h� �a�s� 
�i�n�c�r�e�a�s�e�d� �p�r�o�d�u�c�t�i�o�n� �o�f� �H�S�P�4�7� �a�n�d� �p�r�o�c�o�l�l�a�g�e�n�,� 
�a�n�d� �a� �f�u�l�l� �r�e�p�l�a�c�e�m�e�n�t� �o�f� � �t�u�r�n�i�n�g� �d�e�n�a�t�u�r�e�d� 
�c�o�l�l�a�g�e�n� �i�n�t�o� �a� �n�e�w� �c�o�l�l�a�g�e�n�.� � �T�h�e� �s�t�u�d�y� �p�r�o�v�e�d� 
�t�h�e� �a�c�t�u�a�l� �v�o�l�u�m�e� �e�f�f�e�c�t� �b�y� �s�h�o�w�i�n�g� �i�n�c�r�e�a�s�e�d� 
�p�r�o�d�u�c�t�i�o�n� �o�f� �p�r�o�c�o�l�l�a�g�e�n� �a�n�d� �n�e�w� �e�l�a�s�t�i�n� �i�n� �t�h�e� 
�i�m�m�u�n�o�h�i�s�t�o�c�h�e�m�i�s�t�r�y� �a�n�d� �R�T�-�P�C�R�.� �T�h�e� �r�e�s�u�l�t� 
�o�f� �F�R�M� �t�r�e�a�t�m�e�n�t� �i�s� �b�e�t�t�e�r� �w�h�e�n� �i�t� �o�p�e�r�a�t�e�d� �w�i�t�h� 
�a� �h�i�g�h� �e�n�e�r�g�y� �l�e�v�e�l� �i�f� �i�t� �d�o�e�s�n’�t� �c�a�u�s�e� �s�i�d�e� 
�e�f�f�e�c�t� �a�n�d� �d�o�e�s�n’�t� �m�a�k�e� �d�o�w�n� �t�i�m�e� �l�o�n�g� �a�s� �i�t� 
�p�r�o�d�u�c�e�d� �m�o�r�e�.� 
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TABLE  1. Response to FRM Treatment of Various Wound Healing Genes Involved in Dermal Remodeling.

�R�e�l�a�t�i�v�e� �e�x�p�r�e�s�s�i�o�n� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �a�s� �t�h�e� �r�a�t�i�o� �o�f� �t�h�e� �e�x�p�r�e�s�s�i�o�n� �l�e�v�e�l� �o�f� �t�h�e� �g�e�n�e� �o�f� �i�n�t�e�r�e�s�t�/�e�x�p�r�e�s�s�i�o�n� 

�l�e�v�e�l� �o�f� ß�-�a�c�t�i�n� �a�t� �e�a�c�h� �p�a�r�t�i�c�u�l�a�r� �t�i�m�e� �p�o�i�n�t�.

 

   Baseline  1.5 3L D0  1.5 3L D2  1.5 3L D14  1.5 3L D28  1.5 3L D70  

TNF-α 0.32  0.38  0.4  0.4  0.45  0.58  

IL-1ß  0.26  0.33  0.35  0.35  0.4  0.42  

TGF-ß1  0.39  0.38  0.42  0.42  0.46  0.58  

MMP-1  0.26  0.42  0.36  0.36  0.38  0.37  

MMP-3  0.31  0.22  0.39  0.39  0.35  0.46  

MMP-9  0.43  0.49  0.87  0.87  1.01  1.13  

MMP-13  0.41  0.46  0.67  0.67  0.89  0.81  

HSP72  0.62  0.78  0.52  0.52  1.65  1.62  

HSP47  0.51  0.62  1.15  1.15  1.42  1.81  

Fibrillin  0.84  0.98  1.21  1.21  1.2  1.54  

Tropoelastin  0.27  0.36  0.82  0.82  1.12  1.36  

Procollagen1  0.67  1.08  1.18  1.18  2.07  2.67  

Procollagen 3  0.74  0.92  1.02  1.02  1.32  1.62  
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