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���P�M��7 �� - LX�Y- �ZLX�.-
���:[��\J$6� Trichophyton ����

\�- Microsporum �]^L�\�- Epidermophyton

�_>�\� 0|���`C+a (teleomorph: Ar-

throderma)*��W"$6� �b 1�7 ����Z
RNA (rRNA)N)L�c�d����ef4��v
"d 3\��g	 .B0W"$0, �b 2�- E. floc-
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dermatophytes)0|�pq¦C� (geophilic der-

matophytes)�\§�]��1�v�.*r�
�_ 1�7 b 3¨ a_�(¥a¦C���*+� Tri-
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�%. ¡s¢�£�¤��%�&�1$ �L5(-

� 1. ¥/¦/�§*¨©Gª$�«¬.�����0

1®���� 23®���� ¯°®����

Microsporum fulvum M. canis Epidermophyton floccosum
M. gypseum M. gallinae T. concentricum
M. nanum T. equinum T. mentagrophytes
Trichophyton ajelloi T. mentagrophytes var. interdigitale
T. terrestre var. mentagrophytes T. rubrum

T. verrucosum T. schoenleinii
T. tonsurans
T. violaceum

C 3 ��� Trichophyton rubrum B±E � T. mentagrophytes B²E ���¨
S³5���
0�*+ (a)�,*14Z5��´ T. rubrum�()�*+ (b)�,*
45��´ 6�5
�µ¶(�wk�¢�¤·�¸ (http://www.pfdb.net/)IV¹�8@´
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.�� �3�� "�� #DE�1�?@��#2
3	�FGH7(�� FGHI�1JKLM
� ��
�	�
� N�+�� 8�� FGH�OP�( �
QQ
��4�� 
����5���R617+
���)/8�� 8�� 
��#94�:�QQ
5;;����"S	TUV1�#��WP7X
�� 7+���)#8�YZ�.���-� B�[
.#�\#� ��� 4��<3�FGHI��"S
	TUV�=]� >����?� @�"�)A
�����B#88�^��	� �����_��`
a� >#bc� "#�$�#��CD���-#-
E8�1�F��G�Hd� "��e f��B��
�� ;g�� "���hi�jI�JkK�(li
lmL�� � "�MG�-�JkK#N�6�n
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�nS����
"�.����-�>#88�;�X� � -
1;g�Te U4T�������� -�pJq
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�/T#^Y71-��G��
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��� T��#��� :�]^-�#_��t�y6
��71�`�-�abzg��d� �)++� 
*����� ��B�� �1{:]^-��t
�*��c� ��� P*�"��#��/|&�}
)7(�Q:�]^-��t�y6���d~;��
�� e)#|&�&'|f�G0"��1j��\�
|Y7�������d� {:]^-��t�*��
c� ���
FGH��gg9� hC1?@���O�YZ/

ij�	�X�� �#k57��?�N����
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�$������l;����� ��B��
?@��mn$A._���- op�����t�
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5. �������	

r���1�s�.��� ;��X�� ��t�

X
�>#u�v�-1 1970w2t�L�.���
-#Microsporum canis7(B�� +� xy�#
1*dz+g{|$�?�L���#[}���I#
�7� �V.���-# Trichophyton tonsurans#
.��t�r��g��~�����dg��t'�
�B�	�� �-�t�r���#��� >#���
� >�� �1�� (black dot ringworm; BDR)

#xZ�(�1)� �-�U;���!1!�:#�^
� !=�� �"+g%mm^# i�" 7�#���
d� �!1��K#!������#�� ��3
�� ��1�r�� ��?�� �����.�� �
x8�1��x#$�#� P����!�#
��
dg��� ����1�9+��=�(�()7}�
7(�� 8�� ?��5M`#�����tB�� r
��!#!�K���-�U4�bc�	hi;�
�<����~ !!��" �&'�! !pG??�%"
�8���g��� �-#.��t�pG??�%#
��� �=�&'&������*� >#
�!'�
��#�(�xZ;��� 8�� �������i 
�(�� ���#�!�������B���i �
(��d���*��c�7(�� �)� T. tonsurans

�t�~���7�dg��� 1��rS+g�*
S87#$��f
�Y�#��7� 
¡*� +�
¢�/#$��(��0#�+� ¡+�� � )�,
��£7� �=#()/;8¢87(�� £"� ��
#¤�� ¤� -�.��� !i#¥;1¥n#~${
|D��#DR� >�<�¦��� XX�¦��
���"� 8�� QQr��������� ;g
�� �-#.�#��� §§#t'� >���¢�
jI�¨3� r�71 >��#¨���.�©�/
-I/�ª� .�« �e�����© ��i
 �(��

T. tonsurans1ª0�X
�r���#u��v�
-7(�� ©«�¬�¬t#�?�L�J�7��
�[}_�� (tinea corporis gladiatorum)#�
+� ®��U¯71?K°�±L� M5���7.�
	�1;����11²15)� ©³©71 2001w�´t
7.��1;����16)� ��t�X
� T. tonsu-

rans.��#®¯��	1�´t�$$°��x7�
23µC¶±)� >�²2±)#8³·´�?�L
��� {|�71;����17²24)� 2004w#µ¶
#bc� ¨t¸±7��	��dg��i � ¹L·
471{|� ¸�7�?�L�7��¹)��/#
#� ¥5$J�����I��7/���º�;��
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��21�24)� ��� ��� ��	
��������
���	�����
�������������
������ � �!����� �"������#
��$�����%�&������� '��
()
����� *��&#������'����� +�
�
� ,�)-.�/0!� T. tonsurans�� '�
�%�
��1%��
12� !�"#�$%345
�'�����25, 26)� 6�&�
,�)-.�/0!
� T. tonsurans�� '��%�
'7����8
�� ���9�� T. tonsurans#�(�-:�;)�
�*<
� ,�)=�>?�@A*B+C�&0!�
5�,D-����D� &./0��12BE��5
�F3�$����9�&��4
'���

6. �������	
���
"#�561�G�345�7
B<H80� 9&

I:�J2;������<=
KLMKN (KOH)

B;��>1OP�8QH� KOH>1OP
?@A
�RB�S�T�U5CBDV'W�H��EX1<
)�8�� KOH>1OP�F��<6��<=
G
H�8�� !�"#�56��9�GH
I%1<)
�8Y� KOH>1OP�5�JK�LZ��1�8
0�� GHM[��56�\N�1�� 6�&�,�
)-.��]� T. tonsurans�T�!�^O�"#
�P_���`1QR��a
� GH�T�bL�<
6�1���ST�U���C�%��8�� cK�

� T. tonsurans#�(�56�defgh=�T�
GH= ifghPVj �WYX����TH�19�
`�27)� fghPV
�b1?@(YBZ:	�
&
DQk�%�� 5�Nl�m��1�[(n\]5
�� �Y6oO���!^_�[��1�	��!�
�[(n\]5��8�!pH!B�
:�`��<
a�19���� �q�� fghPV
r�bc��
�de�8��Z� sZ���tMuvw�� `Dk
���fg�V� xh��yYi�<Hj%�8��

KOH>1OP1�G�GH�T�"#�56^5
�7

kczl� :16Dzm��%n�op�
19���� ���9�� 345�7
B<H�
8
�qc�x{ irsj �j%�1�� �!�1���
?@� 5|���
j}�&t~�1kczlBZ
'1�&�&8�� ��� GH�T�56^5�7

B<H80� u\!�\!B9v���6:����
8�qc�h]B%:�� r%�� 9;�
"#�5
6^5�7
��wx (DNA)�y���2�x�z
��<=�WYX����TH�19�`���� %
�
� Polymerase Chain Reaction (PCR)=�T��

wx�{|����v���%�� �wx���}~
B���s
�`�TH�19�%�1p� �wx�
y)����������%��-.�������
���� rRNA�wx��k'�� ���>���v
w�wx� ���}~B�����t��>&��'
���Y� PCR=�T9�{|'�� DNA6���
�}~B'7:�%��T9�I:�5B7
:�%
���`�TH�19�`������wx���}~
�>1'7���25�7
=���� �wx���
}~�[����~\ (polymorphism)B�;��5
�7
=���� PCR-RFLP (restriction fragment

length polymorphism)=21, 28, 29)�Ne�tM� PCR

=B;��5�7
=30, 31)&��'����� %��
�<=B;��%��T9�� 5�7
���!!�
h]��|1��B��:�%���`��
%�TH�"#�561�G�345�7

�x

�z��<=�gX�T9�r�bc1�G��3\
��������������

7. ��
������������������
���

"#�561�G�345�7
�a��
� �x
�z��gX�T9�bc�r��3\������
����Y� ��=���� #��*<ST� ���

��=� �����������1pBP�:�H
����a� r����� T. rubrum� T. tonsurans

�p�TH1�K�����$�#����Bz :
��!� ��H���1�d�a��
� ��q¡
�1¢���� "#5
k^�£�¤X� #����
�� �g�� M¡�¥¢�&����£�
£��
g�v�¤¥`��¦H§�1�� ���9�� �5
��£�¤X:��Z�
�g�v�£�mNeB¦
¨�� �;\N1D�x�����:�j%�8��
%�TH1R¢!�� �g�vB��:��g�©�
ª
�5�#��K����!!6�I%1�x i�
34xj ������ «2!�����^¬n���
�y�<6��`�� §!� 10)¤p¨��
�x
i�wxj ����y
6}!�89���©��c
K�Mª®¯°-�«¬�� 2001)!�±�²³
´�®¯w��µB����g�©�ªB¶�·:�
�wx�® '��TH�19�`�32�35)� r�¸
&"#5!�'�¹�1�wx�® '������
#��K��� i�3\j �¯2-°����%��
>1��Z'���x
§&��'���1�� %%
º)!�]�� "#5����&´v¬± (Saccharo-

myces cerevisiae)�¶�»K¼ (Aspergillus oryzae)

²³ ´^µ¶½�²³ ´^µ¶½�
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�� ��
����
��� � !"���
�#�$%36&42)' (�
� )
����* +T. rubrum, T. tonsurans, M. canis�,-
.�/012345256789:;<=>?(
"� ��@43�����A�B +high through-put

C- �D�"�' �/012345256789:;
<��"%��. +�E�.���- F:G�

HI("���'JK��3L��BM>���NO�
�
�����(�
P�
�B� Q�RSTU1�
���V�
����=�W !("�'

8. �������	
�����
J"X
#B� ��*�Y$Z[%\
=&���

]�'#("���
�B� ^(����
���
��_
�/012345256789:;<�)`
�� *+��
����,-�aab�' JK.��
�
("%cd��
��e.����� Q�RST
U1
f/����0gh�������i1��b
�' �
��e.��� �2j� �������Z
[�2.�
�3kl +����45%\
6m�
=a6m5- ��3n5�
o7("���' p8�
��� ��*.�
�9q�%r��3n5C�%
s3�.:;("�t�u� 6m5���v<=w�
�43&45)' x��%=y�Q�RSTU1����>
"W?@
��!#���Wz{�"�' A|�. 7

(},B����*��
���
~v����
�
B� ���CQ�RSTU1W�fD� !("�
�
������r�WW=
45, 46)� �
�9q�2
@�1��E
F�#"�$%' J.� �G���
H�
��'# +��I��-� ����45����
��
��e.��!�� ��
�3k� ��JKi
 �xW�$���
�#%47&49)' x"��2@
�1��
��*�0gh������r��i%r

.� cd��
��	��L��
M���xW�
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The Current Status of Tinea (Ringworm) and the

Progress of Research on Pathogenesis of Dermatophytes

Tsuyoshi Yamada,1) Koichi Makimura1, 2)

1) Teikyo University Institute of Medical Mycology
2) Faculty of Medicine, Teikyo University

In this review, the current problems of high prevalence of tinea (dermatophytosis) was discussed and
the recent progress in molecular biological approach on pathogenesis of dermatophytes and their diagnosis
was summarized. Tinea pedis (athlete’s foot) is highly common disease not only in elder persons but also
a type of sportsmen. For recent 10 years, tinea caused from Trichophytn tonsurans infection has widely
spread in athletes playing various types of combative sports in Japan. The dermatophytes commonly gain
access to the host via keratinized structures, such as skin, hair or nails, cornified tissues that form solid
structural barriers against their invasion. Therefore, secreted enzymes such as keratinolytic proteases
(keratinases) have been investigated extensively as candidates for virulence-related factors. Nevertheless,
the mechanisms of host invasion by dermatophytes are still poorly understood. One important reason for
this is a lack of gene manipulation techniques for dermatophytes, as compared with other well-known
fungal pathogens. To overcome this limitation, we have developed e$cient genetic manipulation systems.
They have provided us with powerful tools for evaluating gene functions. We believe that development of
such molecular biological techniques will make significant contributions to our understanding of tinea in
the future.

Key words: tinea (ringworm), dermatophytes, Trichophyton, keratinocyte, molecular biology
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