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ABSTRACT

Role of Pin—-1 in head and neck squamous cell

carcinoma

Park, Jae-Cheon

Advisor: Prof. Do, Nam-Yong Ph.D.
Department of Medicine,

Graduate School of Chosun University

Multiple genetic and epigenetic events, including the aberrant
expression and function of molecules regulating cell signaling, growth,
survival, motility, angiogenesis, and cell cycle control, underlie the
progressive acquisition of a malignant phenotype in squamous cell
carcinomas of the head and neck (HNSCC). HNSCC is a malignant
tumor of epithelial origin, which currently represents a major
socio—sanitary problem since about 500,000 new cases are reported
worldwide every year. HNSCC mortality is closely related to both local
relapse and regional or distant lymphatic metastasis. However, any
reliable tumor—specific biomarker to predict HNSCC prognosis is not
currently available. The ability to wunderstand the basic mechanism
controlling inter— and intra—-cellular communication has provided an
unprecedented opportunity to understand how their dysregulation
contributes to the growth and dissemination of human cancers. There
are new tumor markers related to the metastatic spread that have not
been yet evaluated in HNSCC. Pin-1 has been shown to regulate
several phases of the cell cycle and is strikingly overexpressed in many
human cancers. Here, the author will discuss the role of Pin-1 and
interrelation between Pin-1 and VEGF, p53 protein or cyclin D1 on

prognostic clinicopathologic parameters such as tumor differentiation,



clinical stage and lymph node metastasis. The results can help elucidate
their prognostic significances and the molecular mechanisms underlying
HNSCC progression.

Key Words: Pin—-1, VEGF, p53 protein, Cyclin D1, HNSCC
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Z ol &R peptidyl-prolyl /s Zrans isomerase (PPlase) Pin-1< %
u] A ZF ol A} (epidermal growth factor)E %3+ A4rs a4 S 712 oA A

EAEZ o|Fdte] AXAE Zedste] AZF/E 2 Jelwd. 1
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HY Pin-12 zt# #7]9] FdT A (oncogenesis)ol]l Zlo] #ojdlE Ao
B Al o] AHEek #gr)Hd gl BAe]l FFHL Utk Pin-12
59 72

EA @O s Fans isomerizations 2130, o] &

rlo

Pin-1 712 & 9&2 v& 4 At (Liou et al, 2002; Lu et al,

= [e)
Q3 FAH

pul

1999-A; Lu et al, 1999-B; Ryo et al., 2002). o] FoA%E T8

A A ek (oncogenic protein)¢l B-catenin® cyclin D1o] o] ¢} & Hb o
2 Pin-10o] 93dte] zd5E= Aoz Wi AT (Ryo et al, 2001; Wulf et
al., 2001). Pin-19] #&do] Zp5 oo A3 #AHA o] o FF Tw
7 vjEstes Aoz Hiuxa led, o= Pin-1°] A4tsd c-Jun¥ 2
@t A9 cyclin DI mRNA®F @& A5A 7= ¥+H WdA Pin-1
9] JAl= AAFE c-JunY transcriptional activityE A A]7]7] w & o]
ot (Wulf GM et al., 2001).
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Ayl wdAg Hakstasoel @As JAE7] skl 0.3% hydrogen
peroxide-methanolel 103 A ¥ STHRTZ AFH3}L AGIFAE AL
ol A 10&E37F WrSAlxl FH dA8A QA Pin-1 rabbit polyclonal antibody
(Santa Cruz Biotechnology, Santa Cruz, CA, U.S.A., 1:400 34) VEGF
rabbit polyclonal antibody (Santa Cruz Biotechnology, Santa Cruz, CA,
US.A., 1:100 3]4), p53 mouse monoclonal antibody (Dako, Glostrup,
Denmark, 1:200 3]4]) 8], cyclin D1 rabbit polyclonal antibody (Santa
Cruz Biotechnology, Santa Cruz, CA, U.S.A., 1:100 32)E wr-3A #H o}
Pin-1% p532 37Col A 1413, VEGF % cyclin D12 4Coll Al ¥h& 2k whg
A AT olF Tris 5 How A Hsx VEGFE mouse ImmunoCruz' ™
staining system (Santa Cruz Biotechnology, Santa Cruz, CA, US.A.), I ¢
Pin-1, p53 ¥ cyclin D1<& Histostain-Plus kits, broad spectrum(Zymed,
San Franscisco, CA, US.A)& o] &3lo] nledo] /¥ o|xAIAE A
oA 1083 W3AZ £ Tris &5 o= F A3, HRP(horseradish
peroxidase)”’} A3 H streptavidin® AL 1027 w2 A Atk Trisgb=d o

2 M3# % HRP substrate2 T3}tk Mayer's hematoxylin® 2 dfx

A M-S Al3Ystar, universal mount (Research Genetics, Huntsville, AL,
US.A)E Fd3sttt.

uf Al VEGFe] SAdlEE Folx2 &, Pin-1 ¥ pb3 wde] oA
gz g2 dgddA Zdo] a9 g 22S o839 27, mantle
cell lymphoma® &9 ZFdE cyclin D19 %A tix& o]l &sdct. &

A dlEzde 123 FAE A goat serumo 2 t A Aoz 14

3) A4 Azl B4

Pin-1ol th 94 dfe] W3S Rolt 3$F ¥4 WSOE B



moderate positive), & %A (1+, weak positive) ¥ =4 (1, no staining) o=
T2 9t (Nakashima et al., 2004).
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FOoR HAA FFAEE Hobetol A4
o] BAE A ko A (-), T4 <5H%oNM YHAHAEI FrHor BEEH
w1+, 5-20% 90 B¢ 2+, >20%0l A4 vk ARl S 3+= dAshar, 2+9
3+=2 7oA +(high expression group), 1+2 %%A F(low expression
group) 2.2 A EF3HU Y (Zhang XH, et al., 2008).

Cyclin D17 pb53¢] dMALE #AAL FetaAn AstolA I doe] F&
dAaor AAE= AFE AR BASE FTUHAE FF9 5% ool

A E daE AeE AR, 5-10%9 THAE o] dAE A oF

g (1), 11-50% F4 @A 4F T5= HEAER+), 50% o] &
ek LA B R R (Lim & Lee, 2002).

4) FATA A
EA8 A BEAL SPSS (statistical package for the social sciences),
Windows, version 12(SPSS, Korea)E o]&3td=dl, 44 #H7], 94+, +

Zok A7), d=Zd o] A9t Pin-1, VEGF, p53 % cyclin D1

o

A AT AddAl, Pin-1, VEGF, pb3 % cyclin D1 A5 7k 23

bl

ol

o
FAzre] ABAB/AZ X test 9 student t-testS o] &3to] FA EA

oo a2ea, o5 AT o FE2 p#h<0.052 o3
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Shabo]l Awe 26~87TA(H1f; 61.64)FoH, Hol Al 81(130:16)
ol Atk AAH 7o wE FHF= 17] 374, 1I7] 544, TI7] 164, IV7] 394]
2 Z7] (1, 117]) 914(62%), 8 (I, IV7]) 559 (38%) R o™, o5 F
58¢](40%)= HZ A Aol 884(60%)= WA HHdolioldrt. Eix
B 2R3 834 (57%), =5 % 3 5390(36%), A3t 109 (7%) A tH(Table
1.

Pin-1& T ¢589] A4 Azl e g dA0+)e] dolq a2
Atk AaAd dFAEGFT 45 HFE@8%) T Ee T dA
(2+ E= 3+)o] #EEgom FRHA 5 FFH= g A= o
Aold AW dF(CIS)e] &

o ZEAH dFe A AU 146dT S4H4LAE Bojle FTds
gl om 1791(12%)= k¥, 384(26%)= To&= ¥4, 914 (62%)= %
A A2dE B (Fig. 1).

VEGFE FYAEY AEXANA AZHJEY AN A2 o

Zhe) A eFokh ATl 1464 T 184+ &4, 12841(88%) = ¥ ol A=
ol o] F 36¢1(25%)= 1+, 524 (36%)+= 2+, 40¢1(27%)= 3+ (%A o 92
o, obopA i 36e)%E W THFig. 2).

p53 WMo FYMEY Fol A Fado]l BAHT Fue PEA

A= #HFHA FUuth AT 14665 911(62%)ol A FAAS A+
ol 194 (13%)+= 1+, 27¢1(185%)+= 2+, 454(31%)= 3+5 H A tH(Fig. 3).

a8 a3, cyclin D1& FUA X o Aut A LA A FHY
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o] AARo} (Z+7} p<0.05), FAe] AW 9= Fog A

(o

)6]'

o,

Y

A7 §LA Y (Table 3).

7. Pin-1, VEGF, p53 @ %3 cyclin DI 23 ¢ #7
Pin-1°] 7 %A Y wl cyclin D12 7% %4 324, 5% %A 1949, oF
A 20e], &4 20919t Pin-10] 5% 442 ) cyclin D12 7 %A

[¢)

H

O

9o, F5 2 9, oF A 9o, &4 18 th. Pin-1¢] ¢F AU o
cyclin D12 7 %A 1d, 55 A 19, &F %A 64, 24 2440, o]
2™ Pin-10o] 7Z&A 23d=d o cyclin D1 2dL& F93A4A F7135%

(p<0.05)(Table 4). &4, Pin-1, VEGF, pb3 && Ake], 18 i VEGEF,

p53, cyclin D1 2&d Alojol= S ASA FIAL AT



Pin-1% DNA x| & A (replication checkpoint)e= 2 G/S¢ Go/M
I 2o "HY NEFV] ZUEE ZAESE o2 dyA 9 (Lu et al,

2002; Lu et al., 1996; Wulf et al, 2001, Ryo et al., 2001; Liou et al,

i

2002; Winkler et al., 2000), Q1 Ao A= W2 holl A AASHA Lol
Z7}8n oW ¢lak3s} Wbl (phosphoproteins)e] ¢FA Ao Boddtes Ao =
B (Wulf et al, 2001; Ryo et al., 2001; Liou et al., 2002). Pin-1
o] gl+= AMEE DNA &4 9sted == AxZF7] Hi A (cell-cycle
checkpoints)oll A Z+gk Aol ZHHEY. 2231 DNA 42 p2l1e AA}
A 3} (transcriptional activation)®t A& F7] A A (cell cycle arrest)el]l <
4 9% "@dsts pb3e HAstet F4e 4ot DNA &4
Pin-13% p539] A &28&S& ZststA =H=d o= Pin-19 WW =l
p539 Ser/Pro motifsell st AA Tt B S5 o] Pin-12 pb39 A A =
p21 promoterZ2e] AL A4S 2437 wWZol Pin-1 knock-out Al
Pin-1 2& FYAES] 4% DNA &4 Fol= ps3elyt p21e] F7H7F 7
o YA =tk (Wulf et al, 2002).

Pin-19 9 Al& =9 A}(apoptosis)ES Z#stH Pin-19 F2dHL cyclin
DI @9 & F7FA 713 o] 9 promoters &4 3 Atk ¥ o] Pin-12 &

Azld JNKY F 9% YA (oncogenic) Rasoll ¢3}o] Ser67/73-Pro motifs©l
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92 dosle BAZ FY

>

AEH FAo 7Hd Fasty g xR
o Y. VEGFS A% - Z(structural homology)E zte W I A=
AAAAE] &5 AMEA WeAx d=dl VEGF familyel 3=
VEGF-C&= "z uaAlxe ozt 5o xZAAE 4Hx VEGF

receptor-3 (VEGFR-3, Flt-4)o] W3t F=(ligand)Z4 H=ZHA F4S

Ach
a2
rO

Z Y3t (Joukov et al, 1996; Jeltsch et al, 1997). VEGF-Cx= A

. s . o . o
AudA, 45 dudAdES] 24 2 AgS =AY 28 ¢ H2
o AAE FHete 4% dAxe du % d=zd HdolE fEste AL

gk o] PAEY] A5 VEGF-C 2d2 fdZd o] @ EFT oFE o
AstA st= 8T dA= Helzl vk il (Suzuki et al, 2005), +7 5
AGAEG AExF 2 77 AFGAEYG S x2S FF AedA

A3 dzd Hdolgte]l fFojg oAt el VEGF-C
7V AEHEZA do]o o FAxEA ZEA 7 dvkal skt (O-charoenrat
et al.,, 2001, Shintani et al., 2004).

AL E A E 2 (glioblastoma) ol A A AFAZo) whzl ZEoF AEd] 93 VEGF

K

FH7F S HY A8 H FTASE doFo] wE R T (Horak et al,

d

1992), d@ddozw® hAlxE wif Al VEGF7F @ WaAlxe] F4 F

fo
o
12
]
o
ol
ol
=
%2,
oo

o

] B8 A (Viglietto et al,, 1995). VEGFE F =
A B Aste]l g Lol FUhEH, o 9Jol= EGF, TGF-B,
keratinocyte growth factor % ¢ cytokine® p47 59 9% A Fd =l
o3 o] Z4dF}t (Frank et al, 1995; Dameron et al, 1994; Kieser
et al, 1994). Z1#J 1}, VEGF-C7} o] &l 9|5t ojwWl e wr=xo] ot
ATE obA BA ath

¥ AT A% VEGF 28 Fe 2484 RE, 9497 2 I

-

Zd do] frFet AR FolF ddAdol oy Pin-1, p53 o



2 cyclin D1 2@ 3= Fofs FAAAZ gl

TEAAFAAD po3e AE o] EAjste] AEF7] -l o]
st Aol 2E27E 7FslA AW DNA &7 HAstd AXF7|&
Gl @Alol BAAI7]3L DNAE F538tH t& ofe] FFAARFHA
AtA A Az T2 7 ¥ (transformation) S At E 7|5 e @9
o Yy o] frHzte EdWolzt wAEsH E4E DNAE F5387] A

o AEF715 S dAZ IAPAA G Aujdely 4 THS do

it

FdHFAHS A T} (Dergham et al, 1997, Bukholm et al., 1997).
253 A QA WA= Z4F ol M S8 2dlE e AR W
3} thAtolt} (Zambetti & Levine, 1993; Chang, 1993). 2@ ¥ o]3d p53 &
ol 42 f, #H, £33 Sl BAse 4T JATIAA TG =
Aoz w3 A} (Rodrigues et al,. 1990; Cattoretti et al., 1988; Iggo et
al., 1990; Bartek et al, 1991). &% pb53 A} H=A Holito] 23
AaAAZE dv=E B (Al Kassam et al, 20079 A EAH

(supreglottic) % HHPAEL Ao A PTH Lo L HE=E psS32 o
A Yol gloy Aol"dZdoA A= ph3e A m e} EFFel
% dFo Fa83 AFAXA=EA 7FA7F JdvbE B7E Atk (Cabanillas

et al, 2007). dom A 9 A&

a = o
offE F4 H#EI Ay pb3de FHetheE A5 23 (Smilek et al,
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GAel BEHAd  BgA cyclin Dl-cdk4olth  (Weinberg, 1995;
Cordon-Cardo et al., 1995). Cyclin D1& A A 11ql3o] X8 o &
Azte] Aud 2 FZo 93 7 wdFol o FoolA BAHAU
Cyclin Alg & T4 A4 71 #do] vkl BiH cyclin D1 G17]

of F= Wdst, Rb (retinoblastoma) T A3 FH skl Rb wH o]}

Ol

e 9 JAfARe 7% e oAse Axe WAL FEY 5 9

(Dowdy et al., 1993).

Cyclin D1& 2% of 2Aol FF4 925 @9s=d cyclin D19 3%
WFE o A Eo] MY S F 38X 9 cyclin D1 WHaE o A= FUgA T A
FAAE dozit( Alt et al, 2000; Hinds et al, 1994). T4 % HIFAM X
AFlA cyclin D19 9 2 o= vt AFANRE Qldle] i =

o]l oy FF FAY Z|dACd BWI #HAsE Aoz AAHY
CCNDI 7ol ol ad (FFHolyt Ed)o] CCNDL ©e) sid
Hoh #2258 F e A % ASH dAE dFA ZAARA QA
¥m A zlo] CCNDI1 wule] natd e ghato] A& {23t @A gl
1 39tk (Thomas et al., 2005).

=51

t Lol AF FAolA cyclin D19 transgenic overexpression< 4=
4 (mammary hyperplasia)& €73 A HAY4FE FET (Wang et
al., 1994). A= 83 AL AFAAM cvclin DI FHAAE A 7]H
Ha-ras\t c-New HERZY /oA T 2A8SE 2822 & s 59
S A A JAAAGE Aolth(Yu et al, 2001). o] AFAEL cyclin
Dlo] Ha-rastt c-Newdl ©& Z#H = 35S FAFAN d+44 st
F ¥4 (down-stream target)d-& AlASt=dl, o] T4 FAHHAH Fo&
717d%  pSer/Thr-Pro motifs®] <Q14Fst A olth, Su|F A% bl 2 of A
pSer/Thr-Pro motifs= + 7}A9] %38 & s fans +x2=2 EA 35

=t o]59 AL prolyl isomerase Pin-19] Z 2o o5t o] Fo]xl



o} (Lu et al, 1996; Lu et al., 1999(A); Ranganathan et al., 1997; Zhou et
al, 1999). <IAkst7b x#YE ¥ Pin-1d o wwzo] P}
(conformational change)©™ ©°]E¢ Zul&A(catalytic activity), Z<S14F3}
(dephosphorylation), @ -gw 7l 45282 So & JFgAS n x4 Art
(Hsu et al., 2001; Liou et al., 2002; Lu et al., 1999(B); Ryo et al., 2001).
w2t A ¢l AF3F 9] & (phosphorylation—-dependent) prolyl isomerization2 ¢l
A s AGAAY 284 =4 71doltt (Lu et al, 2002). ¥ 1ol A
% Pin-1°] Z3tA #d=E uwf cyclin D1 &do] {fsiAl F7tste] o] A
ATHEH} & FPHE Axs HrtdH.

2 A9 A% cyclin D19 o] 1064 (73%)ol A #EH AL,
cyclin D13 Pin-1 2@ ztell = Fo g AadA7 dRA oy, VEGF 3 pb3
BEAE Fo T FAAATE flA = cyelin D13 T4 x4 84

PEHE 2 gzd do] §ToE F98 AByAL ARod, T o

lo
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Table 1. Clinical, epidemiologic, and histologic characteristics of 146 patients

with head and neck squamous cell carcinoma

Characteristic No.(%)
No. of patients 146(100)
Age(yrs.)
Mean 61.6
Range 26-87
Gender
Male 130(89.0)
Female 16(11.0)
Tumor stage
Early (I, II) 91(62.3)
I 37
II 54
Advanced(Il, IV) 55(37.7)
111 16
v 39
Tumor site
Oral cavity 37(25.3)
Pharynx 48(32.9)
Larynx 61(41.8)
Degree of tumor differentiation
Well differentiated 83(56.9)
Moderately differentiated 53(36.3)
Poorly differentiated 10(6.9)
Lymph node metastasis
Yes 58(39.7)

No 88(60.3)




Table 2. The clinicopathologic data according to the expression pattern of

Pin-1 and VEGF in head and neck squamous cell carcinoma

Pin-1 VEGF
3+ 2+ 1+ - 3+ 2+ 1+
(n=91) (n=38) (n=17) (n=0) (n=40) (n=52) (n=36) (n=18)
Differentiation
W/D(n=83) 51 21 11 0 11 38 22 12
M/D(n=53) 33 16 4 0 20 13 14 6
P/D(n=10) 7 1 2 0 9 1 0 0
p vaue §
Stage
[-11(n=91) 49 27 15 0 19 34 22 16
[11-1V(n=55) 42 11 2 0 21 18 14 2
p vaue * *
Nodal status
Negative(n=88) 52 25 11 0 8 30 35 15
Positive(n=58) 39 13 6 0 32 22 1 3
p vaue *

*. statistically significant p value <0.05,
§: statistically significant p value <0.01



Table 3. The clinicopathologic data according to the expression pattern
of p53 and cyclin D1 in head and neck squamous cell carcinoma

p53 Cyclin D1
3+ 2+ 1+ - 3+ 2+ 1+ -
(n=45) (n=27) (n=19) (n=55)  (n=42) (n=29) (n=35) (n=40)
Differentiation
W/D(n=83) 20 18 14 31 19 12 26 26
M/D(n=53) 16 9 4 24 17 14 9 13
P/D(n=10) 9 0 1 0 6 3 0 1
p vaue * *
Stage
[-11(n=91) 27 15 13 36 26 16 21 28
[11-1V(n=55) 18 12 6 19 16 13 14 12
p vaue
Nodal status
Negative(n=88) 25 16 13 34 19 16 22 31
Positive(n=58) 20 11 6 21 23 13 13 9
p vaue *

*. statistically significant p value <0.05
§: statistically significant p value <0.01



Table 4. Interrelation between the Pin-1 and Cyclin D1 immunoexpression
statuses in head and neck squamous cell carcinoma (%)

Pin-1
3+ 2t 1+ , p value
(n=91) (n=38) (n=17) (n=0)
3+ 32 9 1 0
(n=42) (76.2) (21.4) (2.4)
2+ 19 9 1 0
(n=29) (65.5) (31.0) (35)
Cyclin D1 <0.05
1+ 20 9 6 0
(n=35) (57.1) (25.7) (17.1)
- 20 18 2 0
(n=40) (42.5) (45.0) (5.0)




Figure 1. Immunohistochemical staining for Pin-1 in head and neck
squamous cell carcinoma. Poorly differentiated squamous cell carcinoma
demonstrated strong positive nuclear staining (A) but, another poorly
differentiated squamous cell carcinoma demonstrated faint positive nuclear
staining (B). ABC method, counterstained by hematoxylin.



Figure 2. Immunohistochemical staining for VEGF in head and neck
squamous cell carcinoma. Poorly differentiated squamous cell carcinoma
demonstrated strong positive cytoplasmic staining (A) but, well
differentiated squamous cell carcinoma demonstrated weakly positive
cytoplasmic staining (B). ABC method, counterstained by hematoxylin.



Figure 3. Immunohistochemical staining for p53 protein in head and neck
squamous cell carcinoma. Poorly differentiated squamous cell carcinoma
demonstrated strong nuclear overexpression (A) but, well to moderately
differentiated squamous cell carcinoma demonstrated weak nuclear
overexpression (B). ABC method, counterstained by hematoxylin.



Figure 4. Immunohistochemical staining for cyclin D1 in head and neck
squamous cell carcinoma. Poorly differentiated squamous cell carcinoma
demonstrated strong nuclear overexpression (A) but, well differentiated
squamous cell carcinoma demonstrated weak nuclear overexpression (B).
ABC method, counterstained by hematoxylin.
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