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Abstract. Integrins are heterodimeric cell surface membrane 
proteins linking the extracellular matrix to actin. Ơ7B integrin 
LV�GHWHFWHG�LQ�SUROLIHUDWLQJ�DQG�DGXOW�P\RÀEHUV��ZKHUHDV�Ơ7A 
SOD\V�D�UROH�LQ�UHJHQHUDWLQJ�PXVFOH�ÀEHUV�ZLWK�D�PLQRU�IXQFWLRQ�
LQ�PDWXUH�PXVFOH�ÀEHUV��7KH�H[SUHVVLRQ�OHYHOV�RI�ơ1A appear 
WR�EH�YHU\�ORZ��ZKHUHDV�ơ1D appears to be the predominant 
integrin form in mature muscle. Considering the important 
IHDWXUHV�RI�PDVVHWHU�PXVFOH�ZH�KDYH�VWXGLHG�LQWHJULQ�H[SUHVVLRQ�
LQ�PDVVHWHU�PXVFOH�VSHFLPHQV�RI�VXUJLFDO�SDWLHQWV�ZLWK�SRVWH-
rior right crossbite and comparing them to left side masseter 
PXVFOH�VSHFLPHQV��2XU�UHVXOWV�VKRZHG�WKDW�WKH�H[SUHVVLRQ�RI�
LQWHJULQV�ZDV�VLJQLÀFDQWO\�ORZHU�LQ�WKH�FURVVELWH�VLGH�PXVFOH��
)XUWKHUPRUH��WKH�PRVW�LPSRUWDQW�ÀQGLQJ�LV�WKDW�ơ1A is clearly 
GHWHFWDEOH�LQ�DGXOW�PDVVHWHU�PXVFOH��7KLV�EHKDYLRU�FRXOG�EH�
due to the particular composition of masseter, since it contains 
K\EULG�ÀEHUV�VKRZLQJ�WKH�FDSDFLW\�WR�PRGLI\�WKH�FRQWUDFWLOH�
SURSHUWLHV�WR�RSWLPL]H�WKH�HQHUJ\�HIÀFLHQF\�RU�WKH�DFWLRQ�RI�WKH�
PXVFOH�GXULQJ�FRQWUDFWLRQ��0RUHRYHU��PDVVHWHU�LV�FKDUDFWHUL]HG�
E\�D�KLJK�WXUQRYHU�RI�PXVFOH�ÀEHUV�SURGXFLQJ�D�UHJHQHUDWLRQ�
process. This may indicate a longer time to heal, justifying 
the loss of ơ1D and the consequential increase of ơ1A. Thus, 
RXU�GDWD�SURYLGH�WKH�ÀUVW�VXJJHVWLRQ�WKDW�LQWHJULQV�LQ�PDVVHWHU�
PXVFOH�SOD\�D�NH\�UROH� UHJXODWLQJ� WKH�IXQFWLRQDO�DFWLYLW\�RI�
PXVFOH�DQG�DOORZLQJ�WKH�RSWLPL]DWLRQ�RI�FRQWUDFWLOH�IRUFHV�

Introduction

,Q�PXVFOH�ÀEHUV��LQWHUDFWLRQV�EHWZHHQ�WKH�FHOO�DQG�WKH�H[WUD-
cellular matrix (ECM) are considered to be important for 
PXVFXODU�GHYHORSPHQW�GXULQJ�VRPLWRJHQHVLV��FHOO�PLJUDWLRQ�

IURP�VRPLWHV��FRUUHFW�LQQHUYDWLRQ��DQG�PXVFOH�SDWWHUQLQJ��������
Cell-ECM interactions play a key role in mechanotransduction 
transmitting forces across the plasma membrane (3,4).

([SHULPHQWDO�HYLGHQFH�IRU�WKH�LPSRUWDQFH�RI�FHOO�(&0�
interactions during muscle formation can be found in trans-
JHQLF�PLFH�ODFNLQJ�ÀEURQHFWLQ��ZKLFK�KDYH�GHIHFWLYH�VRPLWHV�
(5). Myoblast migration from the somite can be inhibited by 
anti-ơ1-integrin antibodies (6), and during in vitro differ-
HQWLDWLRQ�LQ�ZKLFK�P\RWXEH�IRUPDWLRQ�FDQ�EH�LQKLELWHG�ZLWK�
antibodies to integrins (7). In the adult muscle, an intact base-
ment membrane-cytoskeletal linkage is important for skeletal 
muscle stability and integrity (8).

Integrins are a family of heterodimeric cell surface 
PHPEUDQH�SURWHLQV�WKDW�PHGLDWH�WKH�LQWHUDFWLRQ�RI�FHOOV�ZLWK�
HDFK�RWKHU��ZLWK�(&0�SURWHLQV��DQG�ZLWK�DGGLWLRQDO�PROHFXOHV�
LQ�WKHLU�HQYLURQPHQW���������7KHVH�SURWHLQV�DOVR�OLQN�(&0�WR�
F\WRVNHOHWDO�DFWLQ�SURYLGLQJ�ELGLUHFWLRQDO�VLJQDOLQJ�EHWZHHQ�
the ECM and the cytoplasm (11). Thus, integrins also play a 
key role in cell adhesion including cell-matrix and intercel-
OXODU�LQWHUDFWLRQV�DQG�WKHUHIRUH��WKH\�DUH�LQYROYHG�LQ�YDULRXV�
biological phenomena, such as cell migration, differentiation, 
tissues repair and programmed cell death (12).

(DFK�LQWHJULQ�LV�FRPSRVHG�RI�D�QRQFRYDOHQWO\�OLQNHG�SDLU�
of Ơ and ơ subunits. In particular, the Ơ7ơ1-integrin is concen-
trated at neuromuscular and myotendinous junctions and it is 
ORFDWHG�DORQJ�WKH�VDUFROHPPD�DW�FRVWDPHUHV�ZLWK�DQ�LPSRU-
WDQW�UROH�LQ�WKH�IXQFWLRQV�RI�WKH�VNHOHWDO�PXVFOH�������,W�ZDV�
demonstrated that congenital myopathies may be caused by 
mutations in the human integrin Ơ��JHQH��,7*$���FRQÀUPLQJ�
the importance of the Ơ7ơ1-integrin in maintaining normal 
skeletal muscle physiology (14).

Regarding the Ơ7 subunit, the Ơ7B isoform is detected in 
SUROLIHUDWLQJ�DQG�DGXOW�P\RÀEUHV�DQG�LV�H[FOXVLYHO\�ORFDOL]HG�
in the neuromuscular and myotendinous junctions (13,15). 
Instead, the Ơ�$�LVRIRUP��GHWHFWHG�LQ�GLIIHUHQWLDWLQJ�P\RÀEUHV��
plays a key role in muscle regeneration during the dynamic 
DGKHVLRQ�VWDJH��ZKHUHDV� LW�DSSHDUV� WR�KDYH�D�PLQRU�UROH� LQ�
mature skeletal muscle (16).

The ơ��FKDLQ�F\WRSODVPLF�GRPDLQ�DOVR�XQGHUJRHV�GHYHO-
RSPHQWDOO\�UHJXODWHG�DOWHUQDWLYH�VSOLFLQJ�������ơ1A is the most 

([SUHVVLRQ�RI�PXVFOH�VSHFLÀF�LQWHJULQV�LQ�PDVVHWHU�
PXVFOH�ÀEHUV�GXULQJ�PDORFFOXVLRQ�GLVHDVH
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common isoform of the ơ��FKDLQ�DQG� LWV�H[SUHVVLRQ� OHYHOV�
DSSHDU�WR�EH�YHU\�ORZ�RU�QHJOLJLEOH�LQ�PDWXUH�VNHOHWDO�PXVFOH��
ZKHUHDV�WKH�ơ1D isoform is the predominant ơ1 isoform in adult 
striated muscle (18). Thus, ơ1D-integrin plays a crucial role in 
linking the subsarcolemmal cytoskeleton to the surrounding 
H[WUDFHOOXODU�PDWUL[�LQ�DGXOW�PXVFOH�WLVVXHV���������

7KH� UROH� RI� LQWHJULQV� ZDV� DOVR� VWXGLHG� LQ� 'XFKHQQH�
PXVFXODU�G\VWURSK\�HYLGHQFLQJ�WKH�GHWHFWLRQ�RI�KLJK�OHYHOV�
of Ơ7ơ1-integrin in order to compensate for the absence of 
G\VWURSKLQ��WKHVH�UHVXOWV�UHLQIRUFHG�WKH�UROH�SOD\HG�E\�LQWHJ-
ULQV�LQ�WKH�LQWHJULW\�DQG�VWDELOLW\�RI�VNHOHWDO�PXVFOH�ÀEHUV������

,Q� DJUHHPHQW�ZLWK� VHYHUDO� UHSRUWV� ���������ZH�RIIHUHG�
VXSSRUW�IRU�WKH�K\SRWKHVLV�WKDW�LQWHJULQV�KDYH�D�UROH�LQ�WKH�
function of human adult skeletal muscle (24) and demonstrated 
D�ELGLUHFWLRQDO�VLJQDOLQJ�EHWZHHQ�VDUFRJO\FDQV�DQG�LQWHJULQV�
������7KLV�UHFLSURFDO�FRQWURO�PD\�GHWHUPLQH�WKH�SUHYDOHQFH�
RI�RQH�V\VWHP�RYHU�DQRWKHU�ZLWK�D�FRQVHTXHQW�WUDQVPLVVLRQ�
of different messages to the sarcolemma-associated cytoskel-
eton (24,25).

7KXV��ZH�VWXGLHG�Ơ7B and ơ1D integrin during muscular 
LQDFWLYLW\�DQG�ZH�VKRZHG�WKDW�WKHVH�LVRIRUPV�ZHUH�GLVSODFHG�
E\�WKH�UHODWLYH�LVRIRUPV�Ơ7A and ơ1A due to loss of regulatory 
HIIHFWV�RQ�JHQH�H[SUHVVLRQ�RI�WKHVH�SURWHLQV�������0RUHRYHU��ZH�
VWXGLHG�PXVFOH�VSHFLÀF�LQWHJULQV�DQG�WKHLU�UHODWLYH�LVRIRUPV��
Ơ7A and ơ1A in chimpanzee's masseter muscle, analyzing 
biopsies of alpha male and non-alpha male subjects, since this 
SDUWLFXODU�PXVFOH�SOD\V�D�NH\�UROH�LQ�PDQ\�EHKDYLRUDO�IXQF-
tions in respect to tasks of subjects. This study demonstrated 
KLJK�OHYHOV�RI�Ơ7A and ơ1A integrin in alpha males in respect 
to non-alpha�PDOH�VXEMHFWV�LQ�ZKLFK�RQO\�Ơ7B and ơ�'�VKRZHG�
normal staining patterns (27).

7KH�PDVVHWHU�PXVFOH�VKRZV�D�YHU\�KLJK�$73DVH�DFWLYLW\�
IRU�FRQWUDFWLQJ�YHU\�TXLFNO\�DQG�IRUFHIXOO\�SDUWLFLSDWLQJ�LQ�
D�ZLGH�YDULHW\�RI�IXQFWLRQDO�DFWLYLWLHV�RI�WKH�VWRPDWRJQDWKLF�
V\VWHP�LQFOXGLQJ�PDVWLFDWLRQ��VZDOORZLQJ�DQG�VSHHFK����������
7KLV�GLYHUVLW\�RI� IXQFWLRQV�UHTXLUHV�FRRUGLQDWLRQ�RI�PRWRU�
RXWSXW�HOHPHQWV�RI� WKH�QHXURPXVFXODU� V\VWHP�ZLWK�DSSUR-
SULDWH�DFWLYDWLRQ�RI�WRQJXH��IDFLDO�DQG�RURSKDU\QJHDO�PXVFOHV�
(23). About this, mastication is one of the most complex and 
FR�RUGLQDWHG� IXQFWLRQDO�PRYHPHQWV� LQYROYLQJ�GLYHUVH�DQG�
accurate mandibular patterns to incise and grind food suitable 
IRU�VZDOORZLQJ��7KH�SDWWHUQ�RI�PDQGLEXODU�PRYHPHQW�GXULQJ�
FKHZLQJ�LV�LQÁXHQFHG�E\�IDFWRUV�VXFK�DV�WKH�EROXV�W\SH�DQG�
WKH�W\SH�RI�RFFOXVLRQ����������7KH�UHODWLYH�SRVLWLRQ�RI�WKH�XSSHU�
DQG�ORZHU�WHHWK�GHWHUPLQHV�RFFOXVDO�VWDELOLW\��ZKLFK�LV�UHODWHG�
to muscular performance (31).

6XEMHFWV�ZLWK�XQLODWHUDO�SRVWHULRU�FURVVELWH�H[KLELW�GLIIHUHQW�
NLQHPDWLFV�RI�WKH�PDQGLEOH�GXULQJ�PDVWLFDWLRQ�ZKHQ�FKHZLQJ�
on the affected side, resulting in an increased frequency of 
UHYHUVH�FKHZLQJ�F\FOHV����������7KH�PDVVHWHU�RI�WKH�FURVVELWH�
VLGH�LV�OHVV�DFWLYH�WKDQ�WKH�FRXQWHUSDUW��DQG�WKH�FR�RUGLQDWLRQ�
RI�WKH�PDVWLFDWRU\�PXVFOHV�RQ�WKH�WZR�VLGHV�LV�DOWHUHG�ZLWK�
respect to controls (33,34).

Although the significance of masticatory muscle func-
WLRQ�KDV�EHHQ�LOOXVWUDWHG�LQ�SUHYLRXV�H[SHULPHQWDO�VWXGLHV�RQ�
DQLPDOV����������WKHUH�DUH�LQVXIÀFLHQW�GDWD�RQ�WKH�LQÁXHQFH�RI�
proteins about crossbite malocclusion. In our opinion, integ-
rins could play an important role during malocclusion diseases 
LQ�PDVWLFDWRU\�PXVFOH�DQG�LQ�SDUWLFXODU�LQ�PDVVHWHU��LQ�ZKLFK�
DOO�QHWZRUNV�RI�SURWHLQV�FRXOG�EH�PRGLÀHG�

Thus, considering the important function of masseter 
PXVFOH��DQG�LWV�SDUWLFXODU�UROH�LQ�FKHZLQJ�F\FOHV��ZH�DLP�WR�
VWXG\�WKLV�PXVFOH�LQ�RUGHU�WR�YHULI\�LWV�FRPSRVLWLRQ�LQ�LQWH-
JULQ�QHWZRUN��7KHQ��E\�LPPXQRKLVWRFKHPLFDO�DQG�PROHFXODU�
WHFKQLTXH��ZH�DQDO\]HG�KXPDQ�PDVVHWHU�PXVFOHV�RI�VXUJLFDO�
SDWLHQWV�DIIHFWHG�E\�VHYHUH�FODVV�,,,�PDORFFOXVLRQ�WR�FRPSUH-
hend the role of integrins in this masticatory muscle.

Materials and methods

Patients and ethics. )LYH�VXUJLFDO�SDWLHQWV����PHQ�DQG���ZRPHQ��
DJH����������\HDUV��PHDQ���VWDQGDUG�GHYLDWLRQ���ZLWK�XQLODWHUDO�
SRVWHULRU�FURVVELWH��DOO�RQ�WKH�ULJKW�VLGH��ZHUH�VHOHFWHG�IRU�WKH�
VWXG\��$OO�WKH�SDWLHQWV�JDYH�LQIRUPHG�FRQVHQW�

7KH�LQFOXVLRQ�FULWHULD�IRU�WKH�FURVVELWH�SDWLHQW�JURXS�ZHUH��
L��VHYHUH�FODVV�,,,�PDORFFOXVLRQ�ZLWK�ULJKW�SRVWHULRU�FURVVELWH�RI�
WZR�RU�PRUH�SRVWHULRU�WHHWK��LL��FRPSOHWH�SHUPDQHQW�GHQWLWLRQ��
LLL��QR�HUXSWLQJ�WHHWK��LY��QR�FDULHV��DQG�Y��QR�WHPSRURPDQGLEXODU�
GLVRUGHUV��7KH�H[FOXVLRQ�FULWHULD�ZHUH��QR�KLVWRU\�RI�FRQQHFWLYH�
tissue disorders, myopathies, endocrine disorders, autoimmune 
disease, bone disease, bleeding disorders.

7KH�LQYHVWLJDWLRQ�FRQIRUPHG�ZLWK�JXLGHOLQHV�HVWDEOLVKHG�
E\�WKH�8QLYHUVLW\�,QWHUQDO�5HYLHZ�%RDUG�IRU�XVH�RI�+XPDQ�
6XEMHFWV� DQG�ZLWK� WKH� SULQFLSOHV� RXWOLQHG� LQ� WKH�+HOVLQNL�
'HFODUDWLRQ�RI������

Muscle biopsies. %LRSVLHV� ZHUH� REWDLQHG� XQGHU� JHQHUDO�
DQHVWKHVLD�IURP�WKH�VXSHUÀFLDO�DQG�DQWHULRU�SRUWLRQ�RI�ERWK�
masseter muscles of patients undergoing orthognathic surgery 
WR�UHSRVLWLRQ�RQH�RU�ERWK�MDZV�LQ�FRQMXQFWLRQ�ZLWK�RUWKRGRQWLF�
WUHDWPHQW�IROORZLQJ�WKH�SURWRFRO�VXJJHVWHG�E\�%R\G�et al (37). 
7KH�VXSHUR�LQIHULRU�OHYHO�RI�WKH�ELRSV\�ZDV�GHWHUPLQHG�E\�WKH�
PDQGLEXODU�RFFOXVDO�SODQH�DQG�ZDV�H[FLVHG�IURP�WKH�DQWHULRU��
deep surface of the masseter adjacent to the anterior aspect 
RI�WKH�PDQGLEXODU�UDPXV�������$OO�ELRSVLHV�ZHUH�REWDLQHG�E\�
WKH�VDPH�VXUJHRQ�YLD�DQ�LQWUDRUDO�LQFLVLRQ�WKURXJK�WKH�PXFRVD�
and buccinator muscle, approximately 3x3x3 mm. The biopsy 
VSHFLPHQV�RI�ERWK�PDVVHWHU�PXVFOHV�ZHUH�DQDO\]HG�XVLQJ�
immunohistochemical analysis.

Immunohistochemical analysis. 7KH�ELRSVLHV�ZHUH�À[HG�LQ�
3% paraformaldehyde in 0.2 M phosphate buffer, pH 7.4, for 
��K�DW�URRP�WHPSHUDWXUH��7KH\�ZHUH�WKHQ�ZDVKHG�H[WHQVLYHO\�
ZLWK�����0�SKRVSKDWH�EXIIHU��S+������DQG�WKHQ�ZLWK�SKRVSKDWH�
buffered saline (PBS), containing 12 and 18% sucrose. The 
VDPSOHV� ZHUH� VQDS�IUR]HQ� LQ� OLTXLG� QLWURJHQ� DQG� ����P�
VHFWLRQV�ZHUH�SUHSDUHG�LQ�D�FU\RVWDW�IRU�XVH�LQ�D�SURWRFRO�WR�
SHUIRUP�LPPXQRÁXRUHVFHQFH��7KH�VHFWLRQV�ZHUH�SODFHG�RQ�
JODVV�VOLGHV�WKDW�ZHUH�FRDWHG�ZLWK������JHODWLQ�DQG��������
chromium potassium sulphate.

7R�EORFN�QRQ�VSHFLÀF�ELQGLQJ�VLWHV�DQG�WR�SHUPHDELOL]H�WKH�
PHPEUDQHV��WKH�VHFWLRQV�ZHUH�SUHLQFXEDWHG�ZLWK����ERYLQH�
serum albumin (BSA), 0.3% Triton X-100 in PBS at room 
WHPSHUDWXUH�IRU����PLQ��)LQDOO\��WKH�VHFWLRQV�ZHUH�LQFXEDWHG�
ZLWK�SULPDU\�DQWLERGLHV��7KH�IROORZLQJ�SULPDU\�DQWLERGLHV�
ZHUH�XVHG�� DQWL�Ơ7B integrin diluted 1:50, anti-ơ1D inte-
grin diluted 1:50, anti-Ơ7A integrin diluted 1:100, and 
anti-ơ1A integrin diluted 1:50 (synthetic peptides from the 
&22+�WHUPLQDO�UHJLRQ��NLQGO\�SURYLGHG�E\�WKH�ODERUDWRU\�RI�
3URIHVVRU�7DURQH��8QLYHUVLW\�RI�7RULQR���3ULPDU\�DQWLERGLHV�
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ZHUH� GHWHFWHG� XVLQJ�7H[DV�5HG�FRQMXJDWHG� ,J*� �-DFNVRQ�
,PPXQR5HVHDUFK�/DERUDWRULHV��,QF���:HVW�*URYH��3$��86$���
6OLGHV�ZHUH�ÀQDOO\�ZDVKHG�LQ�3%6�DQG�VHDOHG�ZLWK�PRXQWLQJ�
medium.

7KH�VHFWLRQV�ZHUH�WKHQ�DQDO\]HG�DQG�LPDJHV�DFTXLUHG�XVLQJ�
a Zeiss LSM 5 DUO (Carl Zeiss, Jena, Germany) confocal laser 
VFDQQLQJ�PLFURVFRSH��$OO�LPDJHV�ZHUH�GLJLWDOL]HG�DW�D�UHVROXWLRQ�
of 8 bits into an array of 2,048x2,048 pixels. Optical sections 
RI�ÁXRUHVFHQW�VSHFLPHQV�ZHUH�REWDLQHG�XVLQJ�D�KHOLXP�QHRQ�
�+H1H��ODVHU��ZDYHOHQJWK������QP��DW�D����VHF�VFDQQLQJ�VSHHG�
ZLWK�XS�WR�HLJKW�DYHUDJHV��������P�VHFWLRQV�ZHUH�REWDLQHG�XVLQJ�
D�SLQKROH�RI������)RU�HDFK�UHDFWLRQ��DW�OHDVW�����LQGLYLGXDO�ÀEHUV�
ZHUH�H[DPLQHG��&RQWUDVW�DQG�EULJKWQHVV�ZHUH�HVWDEOLVKHG�E\�
examining the most brightly labeled pixels and choosing the 
VHWWLQJV�WKDW�DOORZHG�FOHDU�YLVXDOL]DWLRQ�RI�WKH�VWUXFWXUDO�GHWDLOV�
ZKLOH�NHHSLQJ�WKH�SL[HO� LQWHQVLW\�DW� LWV�KLJKHVW��a������(DFK�
LPDJH�ZDV�DFTXLUHG�ZLWKLQ����VHF��LQ�RUGHU�WR�PLQLPL]H�SKRWR-
degradation.

7KH�¶GLVSOD\�SURÀOH·�IXQFWLRQ�RI�WKH�ODVHU�VFDQQLQJ�PLFUR-
VFRSH�ZDV�XVHG�WR�VKRZ�WKH�LQWHQVLW\�SURÀOH�DFURVV�DQ�LPDJH��
WKH�LQWHQVLW\�FXUYHV�DUH�VKRZQ�LQ�JUDSKV��'LJLWDO�LPDJHV�ZHUH�
FURSSHG�DQG�ÀJXUH�PRQWDJHV�SUHSDUHG�XVLQJ�$GREH�3KRWRVKRS�
�����$GREH�6\VWHPV��3DOR�$OWR��&$��86$��

Statistical analysis. $OO�RXU�REVHUYDWLRQV�ZHUH�DQDO\]HG�E\�DQ�
LQWHUQDO�VRIWZDUH�IRU�LPDJH�DQDO\VLV��LQFOXGHG�LQ�WKH�&/60�
VRIWZDUH�DQG�QDPHG�¶+LVWR·��PHDVXULQJ�WKH�GLVWULEXWLRQ�RI�SL[HO�
LQWHQVLW\�RI�DOO�DUHDV�FRUUHVSRQGLQJ�WR�HDFK�ÀEHU��SL[HO�LQWHQVLWLHV�
ZHUH�FRQYHUWHG�LQ�D�GDWD�WDEOH�LQGLFDWLQJ�YDOXHV�RI�VLQJOH�SL[HO�
LQWHQVLW\��%\�WKLV�VRIWZDUH��ZH�DQDO\]HG�����ÀEHUV�IRU�HDFK�UHDF-
tion, using for all reactions the same confocal parameters, and 
D�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ�IRU�VLQJOH�ÀEHUV�ZHUH�REWDLQHG�

7KH�ER[�DQG�ZKLVNHU�SORWV�ZLWK�WKH�PHGLDQ�YDOXHV�RI�ÁXR-
UHVFHQFH�LQWHQVLW\�LQ�ERWK�PXVFOH�ÀEHUV�FURVVELWH��ULJKW�VLGH��
DQG�OHIW�VLGH�DUH�VKRZQ�LQ�)LJ�����'DWD�DQDO\VLV�DQG�JUDSKV�
ZHUH�SORWWHG�RQ�*UDSK3DG�3ULVP�Y����*UDSK3DG�6RIWZDUH��
San Diego, CA, USA) and inter-integrin differences among 
WKH�LVRIRUPV�LQ�PDVVHWHU�PXVFOH�ÀEHUV��ZHUH�DVVHVVHG�E\�WKH�
:LOFR[RQ�UDQN�WHVW��Z���WZR�WDLOHG�S�YDOXHV�������ZHUH�FRQVLG-
HUHG�VWDWLVWLFDOO\�VLJQLÀFDQW�

Total-RNA isolation. Samples containing 50-100 mg of tissue 
ZHUH�KRPRJHQL]HG�XVLQJ�D�SRZHU�KRPRJHQL]HU��8OWUD�7XUUD[��
,.$�:HUNH� *PE+�� 6WDXIHQ�� *HUPDQ\��� 7RWDO�51$� ZDV�
isolated by a single-step RNA isolation procedure (TRIzol®, 
,QYLWURJHQ�������WKDW�XVHV�D�PRQRSKDVLF�VROXWLRQ�RI�SKHQRO�DQG�
guanidine isothiocyanate.

RT-PCR analysis. ,Q�WKH�SUHVHQW�VWXG\��ZH�FROOHFWHG�PXVFOH�
biopsies of the human subjects all affected by right posterior 
crossbite taking muscle tissue both from the right and left 
VLGH��FRQWURO���LQ�RUGHU�WR�HYDOXDWH�WKH�H[SUHVVLRQ�RI�Ơ7A, Ơ7B, 
ơ1A and ơ�'�LQWHJULQ�E\�57�3&5��57�3&5�ZDV�FDUULHG�RXW�
using the GeneAmp Gold RNA PCR Reagent kit (Applied 
Biosystems, Foster City, CA, USA) in a GeneAmp PCR 
6\VWHP������WKHUPDO�F\FOHU��$SSOLHG�%LRV\VWHPV���,Q�WKH�ÀUVW�
VWHS��DQ�LQLWLDO�UHYHUVH�WUDQVFULSWLRQ��57��UHDFWLRQ�ZDV�FDUULHG�
RXW�LQ�D�YROXPH�RI�����O�FRQWDLQLQJ����J�RI�WRWDO�51$�����XQLWV�
51DVH�LQKLELWRU�����P0�'77�����XQLWV�0XOWL6FULEH�UHYHUVH�
WUDQVFULSWDVH�DQG�������0�ROLJR�GW����XVLQJ� WKH� IROORZLQJ�
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WKHUPDO�F\FOHU�FRQGLWLRQV�����PLQ�DW���Ý&��IROORZHG�E\����PLQ�
DW���Ý&��,Q�WKH�VHFRQG�VWHS��D�3&5�ZDV�SHUIRUPHG�LQ�D�YROXPH�
RI�����O�FRQWDLQLQJ����O�RI�F'1$�IURP�WKH�ÀUVW�VWHS��57��DV�D�
template, 2.5 units AmpliTaq Gold DNA polymerase and each 
SULPHU�DW�D�FRQFHQWUDWLRQ�RI������0��7KH�SULPHU�SDLUV�XVHG�DUH�
VKRZQ�LQ�7DEOH�,�

3&5�FRQGLWLRQV�ZHUH�DV�IROORZV��DQ�LQLWLDO����PLQ�GHQD-
WXUDWLRQ�VWHS�DW���Ý&��IROORZHG�E\����F\FOHV�RI�GHQDWXUDWLRQ�DW�
��Ý&�IRU����VHF��DQQHDOLQJ�DW���Ý&�IRU����VHF�DQG�H[WHQVLRQ�DW�
��Ý&�IRU����VHF�ZLWK�D�ÀQDO�H[WHQVLRQ�DW���Ý&�IRU����PLQ��)RU�
HDFK�SURWHLQ��KXPDQ�*$3'+�F'1$�ZDV�XVHG�DV�DQ�LQWHUQDO�
FRQWURO�DQG�WKH�SULPHUV�DUH�VKRZQ�LQ�7DEOH�,��'LJLWDO�LPDJHV�
ZHUH�FURSSHG�DQG� ILJXUH�PRQWDJHV�SUHSDUHG�XVLQJ�$GREH�
Photoshop 7.0.

Results

Immunohistochemical analysis. For immunohistochemical 
DQDO\VLV��ÀUVW��ZH�DQDO\]HG�ORQJLWXGLQDO�VHFWLRQV�RI�ELRSV\�
VDPSOHV�IURP�OHIW�PDVVHWHU�PXVFOH�ZLWKRXW�FURVVELWH��7KHVH�
UHDFWLRQV�VKRZHG�WKDW�DOO�RI� WKH�LQWHJULQV�ZHUH�GHWHFWHG�WR�
YDU\LQJ�GHJUHHV�DORQJ�WKH�VDUFROHPPD��)LJ������,Q�SDUWLFXODU��
immunostaining of Ơ�$�LQWHJULQ��)LJ���D��ZDV�LQFUHDVHG�LQ�
respect to the corresponding Ơ�%�LVRIRUP��)LJ���E���0RUHRYHU��
ơ�$�LQWHJULQ��)LJ���F��LPPXQRÁXRUHVFHQFH�ZDV�LQFUHDVHG�LQ�
respect to the ơ1D isoform (Fig. 1d).

6HFRQGO\��ZH�SHUIRUPHG�LPPXQRVWDLQLQJ�RQ�ORQJLWXGLQDO�
VHFWLRQV�RI�PDVVHWHU�PXVFOH�ÀEHUV�IURP�WKH�ULJKW�PDVVHWHU��$OO�
RI�WKH�LQWHJULQV�ZHUH�GHWHFWHG�WR�YDU\LQJ�GHJUHHV�DORQJ�WKH�

VDUFROHPPD��DQG��JHQHUDOO\��DOO�VKRZHG�GHFUHDVHG�LPPXQRÁX-
orescence compared to integrins of the left side. In particular, 
WKHVH�UHDFWLRQV�VKRZHG�DQ�LQFUHDVHG�VWDLQLQJ�SDWWHUQ�IRU�Ơ7A 
(Fig. 2a) and ơ1A integrin (Fig. 2c) compared to the Ơ7B 
(Fig. 2b) and ơ�'��)LJ���G��LVRIRUPV��UHVSHFWLYHO\�

7R� FRQILUP� WKH� SURWHLQ� VWDLQLQJ�SDWWHUQV��ZH�XVHG� WKH�
¶GLVSOD\�SURÀOH·�VRIWZDUH�IXQFWLRQ�RI�WKH�ODVHU�VFDQQLQJ�PLFUR-
VFRSH�IRU�VHOHFWHG�VDPSOHV��7KLV�DGGLWLRQDO�DQDO\VLV��ZKLFK�
UHYHDOV� WKH�ÁXRUHVFHQFH�LQWHQVLW\�SURÀOH�DFURVV� WKH� LPDJH��
FRQYHUWHG�WKH�LPPXQRÁXRUHVFHQFH�VLJQDO�LQWR�D�JUDSK��)LJ�����
LQ�RUGHU�WR�TXDQWLWDWH�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�DQWLERGLHV��
7KH�GLVSOD\�SURÀOH�RI�WKH�OHIW�PDVVHWHU�VKRZHG�LQFUHDVHG�ÁXR-
rescence peaks for Ơ7A (Fig. 3a) and ơ1A integrin (Fig. 3c), 
ZKHUHDV�SHDNV�RI�WKH�Ơ7B (Fig. 3b) and ơ1D isoform (Fig. 3d) 
UHYHDOHG�GHFUHDVHG�LQWHQVLW\�YDOXHV��%\�DSSO\LQJ�WKLV�DQDO\VLV�
WR�WKH�VDPSOHV�RI�PXVFOH�ÀEHUV�WDNHQ�IURP�ULJKW�PDVVHWHU��LW�
ZDV�SRVVLEOH�WR�VKRZ�WKDW�WKH�ÁXRUHVFHQFH�SHDNV�RI�DOO�LQWH-
JULQV�VKRZHG�D�JHQHUDO�GHFUHDVH�FRPSDUHG�ZLWK�WKRVH�RI�DOO�
LQWHJULQV�REVHUYHG�LQ�WKH�OHIW�PDVVHWHU��DQG�LQ�SDUWLFXODU�Ơ7B 
(Fig. 3f) and ơ1D integrin (Fig. 3h) fluorescence intensity 
VKRZHG�QHYHU�UHDFKHG�����ZKHUHDV�WKH�ÁXRUHVFHQFH�LQWHQVLW\�RI�
Ơ7A (Fig. 3e) and ơ�$��)LJ���J��LVRIRUPV�YDOXHV�ZHUH�EHWZHHQ�
50 and 100.

Statistical analysis. Expression of Ơ7A and ơ1A integrin in 
PXVFOH�ÀEHUV�RQ�WKH�ULJKW�VLGH��FURVVELWH��ZDV�KLJKHU�FRPSDUHG�
ZLWK�WKDW�RI�Ơ7B and ơ�'�LVRIRUPV�RI�VDPH�VLGH��Z �������
S�������� Z ������� S������� UHVSHFWLYHO\��� &RPSDUHG� WR�
LVRIRUPV�RI�FRQWURODWHUDO�PXVFOH�ÀEHUV��WKH�Ơ7A, Ơ7B and ơ1A 

)LJXUH���� ,PPXQRKLVWRFKHPLFDO�ÀQGLQJV� LQ�KXPDQ�OHIW�PDVVHWHU�PXVFOH�
�FRQWURO�VLGH���/RQJLWXGLQDO�VNHOHWDO�PXVFOH�ÀEHUV�ZHUH� LPPXQRODEHOOHG�
ZLWK�DQWLERGLHV�DJDLQVW� �D��Ơ7A, (b) Ơ7B, (c) ơ1A and (d) ơ1D integrin. 
Immunostaining of Ơ�$�LQWHJULQ�ZDV�LQFUHDVHG�LQ�UHVSHFW�WR�WKH�Ơ7B isoform, 
ZKHUHDV�ơ�$�LQWHJULQ�LPPXQRÁXRUHVFHQFH�ZDV�LQFUHDVHG�LQ�UHVSHFW�WR�WKH�
ơ1D isoform.

)LJXUH����,PPXQRKLVWRFKHPLFDO�ÀQGLQJV�LQ�KXPDQ�ULJKW�PDVVHWHU�PXVFOH�
�FURVVELWH�VLGH���/RQJLWXGLQDO�VNHOHWDO�PXVFOH�ÀEHUV�ZHUH�LPPXQRODEHOOHG�
ZLWK�DQWLERGLHV�DJDLQVW��D��Ơ7A, (b) Ơ7B, (c) ơ1A and (d) ơ1D integrin. All of 
WKH�LQWHJULQV�VKRZHG�D�GHFUHDVHG�LPPXQRVWDLQLQJ�SDWWHUQ�LQ�UHVSHFW�WR�LQWH-
JULQV�RI�WKH�OHIW�VLGH��0RUHRYHU��Ơ7A and ơ�$�LQWHJULQ�VKRZHG�DQ�LQFUHDVHG�
staining pattern in respect to the Ơ7B and ơ�'�LVRIRUPV��UHVSHFWLYHO\�
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LVRIRUPV�RI�PDVVHWHU�ÀEHUV�FURVVELWH�ZHUH�PDUNHGO\�GHFUHDVHG�
�Z �������S��������Z �������S��������DQG�Z �������S��������
UHVSHFWLYHO\��ZKHUHDV�ơ�'�LQWHJULQ��LQ�FURVVELWH��VKRZHG��D�

VLJQLILFDQW�GHFUHDVH�RI�GLVWULEXWLRQ�FRPSDUHG�ZLWK�PXVFOH�
ÀEHUV�ơ�'�LQWHJULQ��LQ�OHIW�VLGH��Z �������S��������,Q�WKH�OHIW�
side the Ơ7A and ơ�$�LQWHJULQ�VKRZHG�D�UHPDUNDEOH�LQFUHDVH�
ZKHQ�FRPSDUHG�WR�WKH�Ơ7B and ơ�'�LVRIRUPV��UHVSHFWLYHO\��
�Z �������S�������Z �������S���������)LJ�����

RT-PCR analysis. ,Q�RUGHU�WR�GHWHUPLQH�ZKHWKHU�GLIIHUHQFHV�LQ�
the expression of integrins are due to the presence of different 
LQWHJULQ�P51$�OHYHOV��ZH�SHUIRUPHG�57�3&5�ZLWK�SULPHUV�
VSHFLÀF�IRU�PXVFOH�LQWHJULQV��8VLQJ�51$�VDPSOHV�LVRODWHG�

)LJXUH����$JDURVH�JHO������HOHFWURSKHURJUDP�RI�57�3&5�SURGXFWV�DPSOLÀHG�
using human RNA as template, primer pairs of Ơ7A, Ơ7B, ơ1A and ơ1D inte-
JULQ��LQ�WKH�OHIW�DQG�ULJKW�VLGH��,Q�HDFK�ODQH�ZH�UDQ�DQ�DOLTXRW�RI�LQWHUQDO�
control and Ơ7A, Ơ7B, ơ1A and ơ�'�LQWHJULQ�FRDPSOLÀHG�57�3&5�SURGXFWV�
RI�OHIW��ODQH������DQG�ULJKW�PDVVHWHU��ODQH�������/DQH����QHJDWLYH�FRQWURO��
Lane 10, 100-bp ladder.

)LJXUH����'LVSOD\�SURÀOHV�LQ�KXPDQ�OHIW�DQG�ULJKW�PDVVHWHU�RI��D�DQG�H��Ơ7A, (b and f) Ơ7B, (c and g) ơ1A and (d and h) ơ�'�LQWHJULQ��,Q�WKH�OHIW�VLGH��ÁXRUHVFHQFH�
SHDNV�ZHUH�FOHDUO\�LQFUHDVHG�IRU�Ơ7A and ơ�$�LQWHJULQ��ZKHUHDV�SHDNV�RI�Ơ7B and ơ�'�LQWHJULQ�UHYHDOHG�GHFUHDVHG�YDOXHV��,Q�WKH�ULJKW�VLGH��WKH�SHDNV�RI�DOO�
LQWHJULQV�VKRZHG�D�JHQHUDO�GHFUHDVH�LQ�UHVSHFW�WR�OHIW�PDVVHWHU��PRUHRYHU��ÁXRUHVFHQFH�SHDNV�RI�Ơ7B and ơ�'�LQWHJULQ�ZHUH�VHYHUHO\�GHFUHDVHG�LQ�UHVSHFW�WR�
peaks of Ơ7A and ơ1D integrin.

)LJXUH����,PPXQRÁXRUHVFHQFH�TXDQWLWDWLYH�LPDJH�DQDO\VLV�RI�Ơ7A, Ơ7B, ơ1A 
and ơ�'�LQWHJULQ��7KH�LPPXQRÁXRUHVFHQFH�LPDJH�RI�LQWHJULQV�GLVWULEXWLRQ�LQ�
ULJKW�SRVWHULRU�FURVVELWH�DQG�OHIW�PDVVHWHU�ÀEHUV��ZHUH�DQDO\]HG�IRU�ÁXRUHV-
cence intensity (t%) as described in Materials and methods. Values represent 
PHGLDQ�ZLWK�PLQ�WR�PD[�YDOXH�LQ�WKH�ER[�DQG�ZKLVNHU�JUDSKV��S������ZDV�
FRQVLGHUHG�WR�LQGLFDWH�VLJQLÀFDQW�GLIIHUHQFHV�
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IURP�PDVVHWHU�PXVFOH�ELRSVLHV��ZH�FRQÀUPHG�WKDW�OHYHOV�RI�
LQWHJULQV�DSSHDUHG�VLJQLÀFDQWO\� ORZHU�� LQ� WKH�ULJKW�VLGH�� LQ�
FRPSDULVRQ�ZLWK� WKRVH�RI� OHIW� VLGH��)XUWKHUPRUH��Ơ7A and 
ơ1A, compared to the Ơ7B and ơ�'�LVRIRUP��UHVSHFWLYHO\��ZHUH�
predominant in both masseter muscle specimens (Fig. 5)

Discussion

,Q�WKLV�UHSRUW��IRU�WKH�ÀUVW�WLPH��ZH�DQDO\]HG�PXVFOH�VSHFLÀF�
LQWHJULQV��XVLQJ�KXPDQ�VDPSOHV�RI�PXVFOH�ÀEHUV�RQ�ERWK�PDVVH-
ters obtained by patients affected by right posterior crossbite.

2XU�UHVXOWV�VKRZHG�WKDW�WKH�DPRXQW�RI�LQWHJULQV�DSSHDUHG�
WR� EH� VLJQLILFDQWO\� ORZHU�� LQ� WKH� FURVVELWH� VLGH�� WKDQ� WKDW�
detected in their left counterpart. Furthermore, the Ơ7A and 
ơ1A isoforms, compared to the Ơ7B and ơ1D isoforms, respec-
WLYHO\��ZHUH�SUHGRPLQDQW�LQ�ERWK�PDVVHWHUV�

2XU�SUHYLRXV�UHSRUW��HYDOXDWLQJ�WKH�PXVFXODU�DFWLYDWLRQ�
GXULQJ� FKHZLQJ� LQ� XQLODWHUDO� SRVWHULRU� FURVVELWH� SDWLHQWV��
VKRZHG�WKDW�WKH�NLQHPDWLFV�DQG�HOHFWURP\RJUDSK\�FKDUDFWHU-
LVWLFV�RI�WKH�PDVVHWHUV�RI�WKH�QRQ�DIIHFWHG�VLGH�ZHUH�VLPLODU�
WR�WKRVH�RI�FRQWUROV��ZKHUHDV�WKH�PDVVHWHUV�RI�WKH�FURVVELWH�
VLGH�ZHUH�OHVV�DFWLYH������PHDQLQJ�WKDW�SDWLHQWV�ZLWK�XQLODW-
HUDO�SRVWHULRU�FURVVELWH�VKRZ�D�VHULRXV�IXQFWLRQDO�DV\PPHWU\�
GXULQJ�FKHZLQJ������

We thus hypothesized that the decreased functional 
DFWLYLW\�RI�WKH�PDVVHWHU�RI�WKH�FURVVELWH�VLGH�FDQ�EH�VWURQJO\�
UHODWHG�WR�WKH�EHKDYLRU�RI�LQWHJULQV��,W�LV�ZHOO�HVWDEOLVKHG�WKDW�
integrins play a crucial role in cell adhesion, differentiation, 
remodelling and programmed cell death (10,40). In particular, 
LW�ZDV�GHPRQVWUDWHG�WKDW�WKH�ơ1D isoform can be associated 
ZLWK�Ơ7A and Ơ7B in adult skeletal muscle, appearing imme-
diately after myoblast fusion and continuing to rise during 
P\RWXEH�JURZWK�DQG�PDWXUDWLRQ�������,Q�WKLV�ZD\��ơ1D integrin 
plays a key role in linking the sarcolemmal cytoskeleton to the 
VXUURXQGLQJ�H[WUDFHOOXODU�PDWUL[�LQ�PXVFOH�WLVVXH����������7KH�
ơ�$�LVRIRUP�LV�LQYROYHG�LQ�VLJQDOLQJ���������DQG�LW�QRW�GHWHFWHG�
LQ�DGXOW�VNHOHWDO�PXVFOH�ÀEHUV�E\�LPPXQRÁXRUHVFHQFH�������
Our preliminary results demonstrate that the ơ1A isoform is 
clearly detectable in adult masseter muscle and this could be 
due to the particular composition of masseter.

,QGHHG��PDVVHWHU�PXVFOH��FRPSDUHG�ZLWK�OLPE�DQG�WUXQN�
PXVFOHV��LV�KLJKO\�XQXVXDO��LQ�IDFW��LQ�DGGLWLRQ�WR�QRUPDO�VORZ�
DQG�IDVW�ÀEHUV�� W\SH�,�DQG�W\SH�,,�UHVSHFWLYHO\�� WKLV�PXVFOH�
FRQWDLQV�ÀEHU�W\SHV�ZKLFK�DUH�W\SLFDO�IRU�GHYHORSLQJ�RU�FDUGLDF�
muscle.

0RUHRYHU��PDQ\�ÀEHUV�RI�WKH�PDVVHWHU�DUH�K\EULG��WKHVH�
ÀEHU�W\SHV��LQ�OLPE�DQG�WUXQN�PXVFOHV��DUH�WKRXJKW�WR�EH�WKRVH�
WKDW�DUH�LQ�WUDQVLWLRQ�IURP�RQH�ÀEHU�W\SH�LQWR�DQRWKHU��VLQFH�
they are predominantly found during disuse or during extreme 
XVDJH�RI�WKH�PXVFOHV������RU�LQ�UHJHQHUDWLQJ�ÀEHUV�������+\EULG�
ÀEHUV�DUH�DEXQGDQWO\�SUHVHQW�LQ�QRUPDO�MDZ�FORVLQJ�PXVFOH��
ERWK�LQ�UDEELW�������DQG�LQ�KXPDQV����������7KH�LPSRUWDQW�SUHV-
HQFH�RI�K\EULG�ÀEHUV�LQ�FRQVLGHUDEOH�QXPEHUV��PD\�EH�GXH�WR�
VSHFLÀF�IXQFWLRQDO�GHPDQGV�RI�WKH�PDVVHWHU�PXVFOH��WKHVH�ÀEHU�
types probably increase the capacity of the masseter muscle 
WR�JHQHUDWH�D� ODUJH�YDULHW\�RI�PRWRU� WDVNV��VLQFH� WKH\�KDYH�
FRQWUDFWLOH�IHDWXUHV�ZKLFK�OLH�EHWZHHQ�WKRVH�RI�SXUH�ÀEHUV�

,Q� WKLV�ZD\�� WKH�SUHVHQFH�RI�K\EULG�ILEHUV�FRXOG�UHIOHFW�
WKH�DGDSWLYH�DELOLW\�RI�PDVVHWHU�PXVFOH�ÀEHUV��VKRZLQJ�WKH�
capacity to modify their contractile properties to optimize the 

HIÀFLHQF\�GXULQJ�FRQWUDFWLRQ��7KHQ��WKH�PDVVHWHU�PXVFOH�FRXOG�
FRQWLQXRXVO\�VZLWFK�IURP�RQH�ÀEHU� W\SH� WR�DQRWKHU��%DVHG�
on its functional demand, in our opinion, these continuous 
FKDQJHV�LQ�SKHQRW\SLF�VWUXFWXUHV�FRXOG�DOVR�LQÁXHQFH�QRUPDO�
arrangement of the entire muscle, and in masseter muscle 
WKLV�FRXOG�SURYRNH�D�UHDUUDQJHPHQW�RI�LQWHJULQ�QHWZRUN�ZLWK�
consequential increase of the ơ1A isoform.

Another possible explanation for the different arrange-
PHQW�RI�WKH�LQWHJULQ�QHWZRUN�LQ�PDVVHWHU�PXVFOH��REVHUYHG�
LQ�WKH�SUHVHQW�VWXG\��DOVR�FRXOG�EH�GXH�WR�HYLGHQFH�WKDW��WKH�
PHPEUDQHV�RI�QRUPDO�PXVFOH�ÀEHUV�DUH�UXSWXUHG�E\�VWUHWFK�
DQG�UHOD[DWLRQ�������ZLWK�VWLPXODWLRQ�RI�VDWHOOLWH�FHOOV�WR�UHSDLU�
the damage. Thus, since masseter muscle is subject to contin-
uous mechanical stress, as a result of continuous control of 
the position and motion of the mandible and creation of forces 
at the teeth and temporomandibular joint (53), this muscle is 
FKDUDFWHUL]HG�E\�D�SDUWLFXODU�KLJK�WXUQRYHU��ZKLFK�SURGXFHV�D�
UHJHQHUDWLRQ�SURFHVV�LQLWLDWLQJ�E\�ÀEHUV�W\SLFDO�IRU�GHYHORSLQJ�
muscle.

$�IXUWKHU�UHPDUNDEOH�IHDWXUH�LV�WKH�UHODWLRQVKLS�EHWZHHQ�
ÀEHU�VL]H�DQG�ÀEHU�W\SH�LQ�PDVVHWHU�PXVFOH��IDVW�W\SH�ÀEHUV�RI�
PDVVHWHU�PXVFOH�KDYH�D�VPDOOHU�FURVV�VHFWLRQDO�DUHD�WKDQ�WKH�
VORZ�W\SH�ÀEHUV�ZKHUHDV�LQ�WKH�OLPE�DQG�WUXQN�PXVFOHV��WKH�
UHYHUVH�LV�WUXH�������7KLV�FKDUDFWHULVWLF�IDFLOLWDWHV�DQ�LQFUHDVH�
in the exchange of O2��LPSURYLQJ�WKH�UHVLVWDQFH�WR�IDWLJXH�VR�
WKDW�LW�LV�PRVW�DGYDQWDJHRXV�IRU�PDVWLFDWLRQ�������7KH�FRQWLQXHG�
H[SUHVVLRQ�RI�WKHVH�ÀEHU�W\SHV�LQ�DGXOW�PDVVHWHU�PXVFOH�PLJKW�
indicate a longer time to heal, and this could justify the loss of 
ơ1D and the consequential increased amount of ơ1A integrin 
VKRZHG�E\�WKH�SUHVHQW�GDWD�

)XUWKHUPRUH�� LQWHUHVWLQJ�IHDWXUHV�RI� LQWHJULQV�DOORZ�XV�
to propose an intriguing hypothesis on masseter muscle in 
SDWLHQWV�ZLWK�XQLODWHUDO�SRVWHULRU�FURVVELWH��3UHYLRXV�UHSRUWV�
KDYH�IRXQG�WKDW�Ơ-actinin, a focal adhesion component that 
LQWHUDFWV�ZLWK�ơ�$������UHLQIRUFLQJ�OLQNV�EHWZHHQ�DFWLQ�ÀOD-
ments, binds ơ1D less strongly than ơ1A (12). This feature 
FRUUHODWHV�ZLWK�WKH�DEVHQFH�RI�Ơ-actinin at the myotendinous 
junction, the major sites of force transmission in muscle (57), 
suggesting that ơ�'�PD\�EH� OHVV� HIIHFWLYH� WKDQ�ơ�$�ZLWK�
regard to integrin-mediated signaling (45). Therefore, based 
RQ�RXU�UHVXOWV��ZH�FRXOG�K\SRWKHVL]H�WKDW�WKH�ORZHU�DFWLYLW\�
of masseter on the crossbite side may cause a loss of ơ1D 
integrin and that the ơ�$�LVRIRUP�PD\�KDYH�D�UROH�LQ�UHLQ-
IRUFLQJ�WKH�DUUDQJHPHQW�RI�WKH�PXVFOH�ÀEHUV�DQG�LQ�UHFRYHULQJ�
signaling role of the entire membrane in order to restore force 
transmission.

3UHYLRXVO\�� D� VLPLODU� EHKDYLRU� RI� WKH� LQWHJULQ�QHWZRUN�
ZDV�GHPRQVWUDWHG�DQDO\]LQJ�KXPDQ�JDVWURFQHPLXV�PXVFOH�RI�
VXEMHFWV�DIIHFWHG�E\�VHQVLWLYH�PRWRU�SRO\QHXURSDWK\����������
'XULQJ�WKLV�PXVFXODU�LQDFWLYLW\�LW�LV�SRVVLEOH�WR�K\SRWKHVL]H�
that a reorganization of the transmembrane occurred, main-
WDLQLQJ�WKH�YLDELOLW\�RI�WKH�VNHOHWDO�PXVFOH�ÀEHUV������

7KH�SUHVHQW�GDWD�SURYLGH�WKH�ÀUVW�VXJJHVWLRQ�WKDW�LQWHJULQV�
in masseter muscle play a key role in regulating muscular func-
WLRQDO�DFWLYLW\�DQG�DOORZLQJ�WKH�RSWLPL]DWLRQ�RI�WKH�FRQWUDFWLOH�
IRUFHV�RI�WKLV�PXVFOH��7KHUHIRUH��WKHVH�UHVXOWV�UHYHDO�D�QHZ�
YHQXH�RI�UHVHDUFK��ZKLFK�ZLOO�KDYH�WKH�DLP�WR�XQGHUVWDQG�WKH�
differences of the protein composition and structural arrange-
ment of masseter muscle fibers in respect to other muscle 
ÀEHUV��7KXV��LW�LV�LQWULJXLQJ�WR�H[DPLQH�ZKHWKHU�RWKHU�SURWHLQV��
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VXFK�DV�VDUFRJO\FDQV��DUH�LQYROYHG�LQ�WKLV�GLIIHUHQW�SURWHLQ�
DUUDQJHPHQW�RI�PDVVHWHU�PXVFOH�ÀEHUV�
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