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Loss of Expression of the PTEN Gene Pro-
duct in the Infiltrating Ductal Carcinoma of
the Breast and Its Relationship with Clinico-
pathologic Factors

Sung-bae Park, M.D., Tae-Yong Choi, M.D., Seong-Jae
Cha, M.D., Tae-Jin Lee, MD." Seung-ll Park, M.D., Hyun-
Mook Lim, M.D., Seng-Jun Park, M.D. and Kyong-Choun
Chi, M.D.

Purpose: PTEN is a novel tumor suppressor gene located
on chromosomal band 10g23.3. The detection of PTEN
mutations in Cowden disease and in breast carcinoma cell
lines suggests that PTEN may be involved in mammary
carcinogenesis. Among several series of breast carcinomas,
the frequency of loss of flanking markers around PTEN is
approximately 30 to 40% and the somatic intragenic PTEN
mutation frequency is less than 5%.

Methods: The expression of PTEN was stuided immunohis-
tochemically studied in 41 invasive ductal carcinomas of the
breast. We examined the correlation between PTEN
expression and clinicopathologic factors such as age, tumor
size, lymph node metastasis, histologic grade, nuclear grade,
stage, as well as estrogen and progesteron receptors.
Results: Among the 41 infiltrating ductal carcinomas, studied
7 (17.1%) were immunohistochemically negative, and 19
(46.3%) demonstrated reduced expression. Among the clini-
copathologic factors, tumor size, lymph node metastasis, high
stage, and negative progesteron receptor displayed a sig-
nificant relationship with the decrease of PTEN expression,
however age, nuclear grade, and estrogen receptor had less
of a relationship with PTEN expression.

Conclusion: These results suggest that PTEN does play
some role as a prognostic factor for carcinogenesis, but this
hypothesis requires further study. (J Korean Surg Soc 2001;
60:600-605)
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BRCAlo]i} BRCA2 9k oA §-7%#+2] germ-line muta-
tiond} dgto] glvka HuEm A Frbqhell Ao A
olof] W3t A7} Fbs] A= 3 ek (1-3) 2L}, 7
= el Al = vl 5 BRCA13} BRCA29| 1A
A 17q8} 13q2] o1& A3 44 (loss of heterogenesity, LOH)
o WA R A%, germ-line mutationS 7] 2] WHAE|R] ¢k
ek

#| - PTEN (phosphatase and tensin homolog deleted on
chromosome ten)o] e} -G Z}7F o3 MA| 10q23.300) 4 =4
HAR FFAAFARZA Y] THsA o]l AFEE Uk
o] Az el 3t Az Al£E7 thi(cytoskeleton pro-
tein)Ql tensin?} 17] A1 GollA] w9 AR FAALE 2=
tyrosine phosphatase domaing]o] 8}&]%1 2w, PTEN #Ho|+
Tehe EA3 o A FoellA HaEa ek (5-9)
o]#]gF PTEN okl A FA2}L] germ-line mutation &3+
off 718k & AFATel| ot A7 oA EF, Ag W
HEE, AMELE, o FAE, AHAYE SollA #
AR Hol7h BR1% T glom (1214 3] A ekt
ol| A= microstellite instabilityS- Zk+= PTEN -3-A 2} #o|7}
WA e}, o]E]gk ¥ o] homozygous deletion®} fra-
meshift =+ nonsense mutation & Z3Hgit) 10923.39]
LOHE A ate] 50% 7 EolA] wrsvty Ha
Tz il o] PTEN £k A FHA2] germ-line mu-
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tation> Cowden disease Sol|4] WAEH, o] A} =i
TS Astow FAAA Aol oy ATellA ot
HEA] 719 Z(multiple harmatoma)o] W AJEH 4= gl ow fu}
ot} XS ksl Asko® Cowden diseaseol] Al
Feke] BAEL 50% HEolch(9-11) slARE HAA
PTENe]| i3t A= F4e] AEFE o] &3 A=
4 7Mo% PTEN $229] wl 7hiol ojgh 177} o
ol gAY FE&A oY 7Eel dHA ol %A

S zAgo = AEA B
kel Wizt W ety
S Yol mA} s}
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(1) Halsts 28 AZe) 27484 4 EE Blooms}
Richardson®] H}'*H-&- Nottingham/Tenovus Breast Cancer Study
SIA A 2A SAAES ol gaisle el 2
7]+ American Joint Committee on Cancer (AJCC)2] T £
o wlg} 2 cm ©]&}, 2~5 cm, 5 cm o] o g HF3g
R4 Mol 1 Sl MAlglol Mol ol BFelle
ul, W7l AJCCS] Eol Wk

CETELECETREEE BRE TR S
= 4~5pm AR A Ao w & sy A
= AR FGE 33) o EIE, 90%, 75% L 50% ol
Bl 717 234 Azlsto] AR T F A 7
Ag 549 #BAS AA 7] 9@l 0.3% hydrogen pero-
xide-methanolel] 10587} Hg] & Z=FF2 AH2E )2 50
mM Tris $+Z-&H(TBS, pH 7.5 0.2 A ¥ n]5o]4 uf
o= AAB] 918l 3087 dagH o ® Heetar, o E
o §Ug AAY TS ARG PTEN (Zymed, MMACI/
TEOL, 1 : 50), o] ~E 27 ~8-A|(ER, Zymed, ER- 7G5, 1 :
50), Z2A|~HE &4 (PR, Zymed, PR-2C5, 1 : 50)&
Ao 2270 AEAA AXGA S F TBSE 53
7k 33] FAIgE thE biotino] F-2bE o] xFA|(1 - 300, Zy-

med Co.)ol] 2087+ & % EAFA Q] avidin-biotin com-
plext] 2. & AAs}elc}. WA= AECE AH-8-31313L Mayer’s
hematoxylin®. 2 tzd A it}
() MAXZFStAM H B PTENY 94 7259}
ER o] sEslglon Fok AlE] dat A EA
3 Fe] Az A2 AEE Ao HH 3, 5%

Aol w2, oAl AAEW 1, Aol 028 )
AL, AAUEEE AA TF AE F 0~5%7F A=
0, 5~20%7} =™ 1, 20~50%7} GA=E™ 2, 50% ©]
& Aol wH 308 T 3 AN B X F
AE Foted, 0~15 (—), 2~45 (+), 5~6F (+H)E
E718F9 HFig. 1). ERT} PR ok A|E2] dof] 10% o]
4 Aol B A¢E FH2E FE Ak

@) SAANE: gHAe ho], Foke] A7, 2 T4,
s, 924 Aol o, Wy, ER3} PR uk of 3}
PTEN W&l 3}o] #2 A8 WindowE SPSS (version 8.0) %
Al ZE a3 o]L3s}lo] Pearson Chi-Square testE Al A]s}
3L, pgkel 0.05 0|3l wf TAMH R FoAe] AUe
Ao g AAs At

2 i ol M

Z ot
1) AMLA

3kzLe] odF 2 3045 E] 73R HTF 47949 .21 394
o| 8} To] 6¢1](14.6%), 404|011 4] 494 F-o| 204i|(48.8%), 50
Alof| 4] 594 F-o] 116d](26.8%), 604l A 69A4] o] 3]
(7.3%), 704] o|Ao] 104](2.4%)0| R tHTable 1). ko] =
715 2 cm o3&} o] 134|(31.7%), 2.1 cmol|A] 5 cm &
2361](56.1%), 5 cm o] F-o] 54|(12.2%)°] e}t Bl = A A
o] o] F= Hol7} & o] 194(46.3%)% 3L, o]zt §l

Fig. 1. Immunohistochemical staining for PTEN in the normal
breast, PTEN is strongly expressed in the nucei and
cytoplasms, X 100.
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Table 1. Association between PTEN and age

PTEN
Age (n)
(=) (+) (++)
30~39 6 0 (0%) 4 (60%) 2 (40%)
40~49 20 2 (10%) 11 (55%) 7 (35%)
50~59 11 4 (36.4) 2 (18.2%) 5 (45.5%)
60~69 3 0 (0%) 2 (66.7%) 1 (33.3%)
70~79 1 (100%) 0 (0%) 0 (0%)
Total 41 7 (17.1%) 19 (46.3%) 15 (36.6%)
p-value 0.124

Table 2. Association between PTEN and tumor size

PTEN
Tumor size (n)
(—) (+) (++)
<2cm 13 0 (0%) 6 (462%) 7 (53.8%)
21~5cm 23 4 (17.4%) 11 (47.8) 8 (34.8%)
>5 cm 5 3 (60.0%) 2 (40.0%) 0 (0%)
p-value 0.032

= o] 22¢0(53.7%)°] A ct. AJCColl 93t ghzte] WY&
H 7] o] 844(19.5%), ¥ 7] A7} 1741(41.5%), ¥ 7] 1IB7}
116)](26.8%), ¥ 7] A7} 5¢0(12.1%)°] 3t}

Z 41d]9] HAHA4 TYEE Nottingham/Tenovus Breast
Cancer Sudy®] 2484 S371E9] &3 W4 A%, o
of thA, AR Fol wheh 2HAAA SFE U
R Wl 1550] 11¢)(26.8%), 257 °] 18|(43.9%), 35+
o] 12¢4]29.3%)0| Pt} MGF- 15Fo| 11:](26.8%), 2%
o] 20:9(48.8%), 357o°| 104|(24.4%)°] At}

3) PTENS| ain} O FQIXteto abzhats

% 416 F PTENe|| §A4& VeRd o7} 74(17.1%),
(+)°] 19901(46.3%), (+ +)7} 17<0(36.6%)2 A SHl=z
23} wlazstel W] FAaE HQl o7f 63.4% (2603
t}h. 32} odF el whE PTEN %319] Xo|&= HAGH o
frelAdel flRar(P=0.124), FFe 7ol whebAE 2 cm
olal TollA (+)7} 64(462%), (+ +)7} 74(53.8)9 3L,
21~5 cm FOAE 49|(174%)7F SA4, (+)7} 119
(47.8%), (+ +)7} 84|(34.8%)%.2.™, 5 cm o] FollA &

Fig. 2. Immunohistochemical staining for PTEN in the infiltrating
ductal carcinoma without lymph node metastasis, PTEN is
moderately expressed in tumor cells, x200.

Fig. 3. Immunohistochemical staining for PTEN in the infiltrating
ductal carcinoma with lymph node metastasis, PTEN is
weekly expressed in tumor cells, X 200.

Ao 341(60.0%), (+)7} 241(40%), (+ +)7} 0| & =7)7}
7k 3ol whel SAIH o2 o3l A PTENS| #dlo] 7t
4-3}9) tH(P=0.032)(Table 2).

HZA Aol of Hofl upghAl= Aol7t gl TollA 54
o] 2¢0](9.1%), (+)7} 8411(36.4%), (+ +)7} 124](54.5%)93,
3, Aoz} gl ellAE FA4 0] 540(26.3%), (+)7} 114]]
(57.9%), (+ +)7} 3¢l|(15.8%) E A o]7} Y+ o4 PTEN
o] we] FAGHoRE {oslA 74 ch(P=0.031)
(Fig. 2, 3)(Table 3).

W7lo welA s #7] 19 8o F 54 ol iR,
(+)o] 241(25.0%), (+ +)7} 641(75.0%)E AAI} v 23}
of PTENS| @&l ZhAE HQl o7} 25% (24) ol
W7] MAS] 174 FollAe |43 (+)7F 242 141(5.9%)
9} 941(52.9%)E 58.5%(10¢]])ol|A] HF&l o] 74AE HYo
W, #7] 1B l1¢] F 54o] 3¢127.3%), (+)7} 74
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Table 3. Association between PTEN and node metastasis

Node' w PTEN
metastasis () (+) (++)
(=) 22 2 9.1%) 8 (36.4%) 12 (54.5%)
(+) 19 5 (26.3%) 11 (57.9%) 3 (15.8%)
p-value 0.031

Table 4. Association between PTEN and stage

PTEN

Stage (n)

(—) (+) (++)
I 8 0 (0%) 2 (25.0%) 6 (75.0%)
IIA 17 1 (5.9%) 9 (52.9%) 7 (41.2%)
1B 11 3 (27.3%) 7 (63.6%) 1 9.1%)
IIA 5 3 (60.0%) 1 (20.0%) 1 (20.0)
p-value 0.009

Table 5. Association between PTEN, histologic grade, and nuclear

grade
PTEN
()
(=) (+) (++)

Histologic grade

1 11 2 (182%) 2 (182%) 7 (63.6%)

2 18 4 (222%) 9 (50.0%) 5 (27.8%)

3 12 1 (8.3%) 8 (66.7%) 3 (25.0%)
p-value 0.144
Nuclear grade

1 11 2 (182%) 3 (27.3%) 6 (54.5%)

2 20 4 (20.0%) 10 (50.0%) 6 (20.0%)

3 10 1 (10.0%) 6 (60.0%) 3 (30.0%)
p-value 0.549

Table 6. Association between PTEN, estrogen receptor, and pro-
gesterone receptor

(63.6%) 2 90.9%(10<])ol| 4] PTENS] #& 7+4E H g}
W7] MAS| 56 FollAe= 343 (+)7F 242 344(60.0%)
¢} 144](20.0%) 2 80%0l| 4] PTENS] sl 7+AE Ko B 7]
7b S7hekell vl FAIH o E foslAl PTENS| Wilo]
7+ 2=} tH(P=0.009)(Table 4).

z2Z A9l Gl uhghA = PTENS] whdlo] A4 =7
I FASH+ +)To] T 1A= 7o(63.6%), 5= 20l
A& 54127.8%), T 394 = 3d](25.0%)E Sol ot
Zlofl wte} PTENS| Wdo] Zhasle 73ke Hol7le ¢
AuE FAAR Fo48L2 AATkP=0.144). 5ol w}E
PTEN &l o] X}o]= ¢l th(P=0.549)(Table 5).

TE2E FEAY of Fofl whE PTENS] WaoflA] ofl 2~
2 FE&A uhE 2] ol gl (P=0.189), =
Alz=dlE FEAo welA & &4 ATl PTEN
A3} (+)7F 22 260(7.1%)9}F 1401)(50.0%) 3. 3L, 58]
AT-ollAl PTEN 2433 (+)o] 27 54(38.5%)4 o2
EAZEE AT FATHCE §-2]s A PTENS
W& o] 7+43}9) ch(P=0.043)(Table 6).
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22 waol] SJeld Cowden A3 HE ole) Fob
o4 PTEN Zopelal §2%e] wol7t 2185 Aol
QU5 A), PTEN Fobol A28l Wol7h S3ekel §
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PTEN

)

(=)

(+)

(++)

Estrogen R
(=) 12
(+) 29

4 (33.3%)
3 (10.3%)

5 (41.7%)
14 (48.3%)

3 (25.0%)

12 (41.4%)

p-value

0.189

Progesterone R
(=) 13
(+) 28

5 (38.5%)
2 (7.1%)

5 (38.5%)
14 (50.0%)

3 (23.1%)

12 (42.9%)

p-value

0.043
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LA EZE MEF9] 31% (13/42),

W7\ A el Freldiehs JbsA o] AXE T gt Lis
Q17 71 A} 10g2301]4] homozygous deletion®] map-
8 SIS AAZA 540l St PTEN
welshnA oulgel A4S B PTENS] o]

=
ARALE

A E5

o] 100% (4/4), 8 AZEF2 6% (4/65)0l14 2Hls}l
t}. o|9} 3t PTENS] AJAHE-2 tyrosin phosphatase ThH#
9] domain-g 7}A W ZAHA HZ oA actin filament?} 4
EREE B ensind} 5 EANE AT Yow o
EAA o0 & PTENO]| tyrosine kinase2}2] 738} 2F-g-ol] o]l
AT 4R oA FAE, AETHS) 45
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chulo. 7]HA o & tyrosine phosphatase THlo & o] A%
Ak 2 ol ©]slw PTEN whl-2 A4} lipid phos-

phatasez} 32 & Z vl PTENS] 37 7] (target substrate)
£ phosphatidylinositol-3,4,5-triphosphate(Ptd-Ins(3,4,5)P3) 0]
th. o] Ptd-Ins(3,4,5)P3% A|Z£A A 23} A|E4G A o]
ARARl AdudeEAoelrh. a4 PTENS 7] Pud-
Ins(3,4,5)P3 pathway®] “turn off”2A] A|E 2] F21& A
e Ao g AFE A (22) 7] AR AAlE AEFT
ol Al G1 cell cycle arrestol] =-3kE| A|ut Al&A el Az o
A= Gl arrest®} A|EZALS] =3to =z o]Fo]Zt). Akt
phosphorylation®] Zta=7} A|E A A e] A Zfel] A x|
7] wjj &)l PI3K inhibitor®] wortmannin© & *] &3l MCF-7
AESe4 PTENS sharal wobeh 443 AIE A o
A7} Baglo] glck. gubH ez PTEN o 3 AKt
phosphorylation Ato]ofl= 43 A7} glgo] <tk Al
EFollA geiAl ut ok a2y = ® PTENY AZF7]9
AP} A EAE 2ehsl= PI3KE] A 34419 down-regu-
lationg &2l frdete] A& JAlse Zer 4EA
Aek3)

W2 EgollA PTEN FFAAFAAL Ho|7t FokAlE
AT-E Sl A AR obF WEg oA Ade
AN PTEN FF Al G-3 2} Mol & sLopAl£F9] 1/30
A, 2 WEkekE9] 50% A EollA gelsgla HolAd A
HAGFo L} A EAFAE aHh @ vEY
PTEN ZFfdAF47 WHol7k &l wh Qhrh.(12-14) 3
= ATollA fidgtell A 8] PTEN Fok AlF47L o] 9]
HlE7F dokvka HuEs glow Lig(6) 209
b $hAtoll A 275 (10%)%ke] PTEN whul wb&l o] 2k471 Q)
tbz Hyslgd o, Rheis(19)9] oA = PTEN ghwl
B9 e 15% AEE GANIEr}L Yoka Hskgl
th B dFelAe 4189 HAad BEF ZHAbellA] T4
(17.1%)ol1 A4 (—), 1901(46.3%)0l1A] (+)E A F-Fdz=2] 7}
vlaste] Wl o] ZHAaE HQl dl7} 634% (26e)3ict. ol
23t A= o2 A7 AT el vlsl] PTEN b w9 7t
49 W=7t wlg F2 AR FHEE) o] B T
A= (—)¢ 7IFE As dAe] g He 759 3
A FF AL 5% vlwro g oFslA Aol
7} E3Eo] glow 3 Atol] uhel v =2 3}3) d A9
5ol Aiglel AAl F& AEL] 5% o]gellA 1ol
H FAse AR 7] wielgta AvtE Fr A
3k AE 917] 9134+ mRNAS] RTPCRE &3 A
A 4 T8 FARESH WS 53 A7 WalE o
of gtk AZEch B3l 7FEEo] e

L5
Zelo] ¢

A o
=A%

)

4
L fubelellAl PTEN gl
A5 Qloh(1720) B A o 41 B

R
I
rir
E

A5l gl B4 olo] Ui ATE Besihn 4%
Ak,
PTEN th®f u}s 714-= 10g232] LOH®} PTEN locus9)

-

- 7ol gle S 3hAboll Al LOHE 41%0]H, Lis
(6)S 50%0] Fatrtar B aslie}. Feilotters-2 7152 o]
e ek e ® 42 1092304 LOHE 71443k
A3} 70d]] = 274(38.6%)A A tNE-GFA R} 44 (allele loss)

& WASGA o] T4 PTENS] muation® BAY
% floleka Al 7FEeo] gl fetolAl PTEN lo-
cuso| /] LOHy= WIWi#slA] whAisA|at 171e] PTENS]
mutation: ohvjea el o fAelA e o
A B $AAS &0l 9T ASAE AL
Arh(3) T AR 9q210]] $]X]s}= PTEN 73414}
(pseudogene)7} RheieF(I19)el] 2J&l] HuEgom, o=
PTENZ} 98% AE°] AL 7AW, o] 7HFAA7}
Wk whael] PoldehE Wk glort ofy HAsA %
t}. Aurel Perrens-(2)2 PTEN ©hed uld 7+4-9} Jedslo]
A A el A AFE A vho|, T4 7], HZ
4 Ao, £k P, | AERAT ZEALHNE 58
Z3te] WAL AFelgrh o] F 97 o|iEZAL =
2AZAE 82 To] FANACR fo4E 2 o
HAgo] vk Haalgiek. PTEN thill 2hyl 7k ghaje]]
A AdEAERAI ZZAXEE FEA AL 67%393,
PTEN i} u}s 744 31A}ol| 4] o| ~AEZ AT} Z 2 Al 4|
£ S84 AL 33 BAH fol4e A F
&%, 277} E55(1.5 cm o]4) PTEN
W 749 Wl % 7F = Baslict. D. Frehoffs
e Zoko] z7lsh W7l Y= Wo] S& PTEN gl
Wl A4 dAde] glvka Hasglom, Singhs
(1998) E3} =7} V82 109232] LOH ®BIE7} =vla B
aakgieh B Ao e T4 2717F Z3(53] 5 em
o), AZA Hol7l UL, W7t B3, ZEALHE F
£471 849 74 PTEN whule] welo] EAsH oz
FostAl ZH4sd kP <0.05). B AFodA = et F
A4 WIEoZ 1 e AL, W28
A9 gHAIZE 1 E 7= shARE AA| 3kAke] 17.1%¢114]
PTEN thi] wigle] S 634%2] Wl 245 el 4
O % o|F nige 2 3 Fr AAXQ A7t et
A7), P e FEA e 7 olFAelel Aol
HAE F0 B 77k dedn Ann

=

Z0

e
ya

2 =

19979 4458 2000 447HA] TS AEH
A eHaddel A e AaEd BAFe
4ol 5 oo 2 PTENS| wo 27 3}eh4] o)
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(+)°] 19901(46.3%), (+ +)7} 15¢0(36.6%)2 A SHl=z
23} vlarste] Wl o] S Hel o7l 63.4%(26¢1)3A ).
Zoke] Z77F A, fFEA Aozt 9lom, W7t E1,
ZEZAzEHE FEA7F $4< 75 PTENS] Whdo] A
R o7 FoslA FH4sllom (P<0.05), 22 3HHQl F
woll welAl= 3ol F7kstell whel PTENS] whalo] 7+
&t A4S Hoh AT FoA4L 9P
0.144), 2k2}9] oAF, #G7, ANEEZAN FEA of Ko
ul-Z PTENS] e o] glRch(P>0.05). o]/d¢] Zx}
2§ AsA IFgFolAe PTEN 23 ZH4avt fw
b A 7179 JIREA Y] THeA e FEE T Ao
oAl ZA] & 7hsAo] vk AZAERARE g5
AEAQ A7t sty AsHch
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