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Purpose: The activation of phospholipase C (PLC) is one
of the early events in various groah processes, including
melignant transformetion. Anong PLC-isozymes, PLGy 1 is
activated through direct interaction with growth factor re-
ceptor tyrosine kinase. In this study, we evaluated the pat-
tems of PLGy 1 expression in benign and malignant tunors
of the breast and compared the patterns with their normal
counterpart.

Methods: Using immunoblot assay, we evaluated the pat-
tems of expression in PLCGy 1 in 20 breast cancer tissues,
13 fibroadenoma tissues, and normel tissues. The level of
expression was analyzed by densitonetry.

Results: All of 20 breast cancer tissues and 13 fibroade-
noma tissues showed overexpression of PLCGy 1 when com-
pared with their normrel counterparts. The level of the PLGy 1
expression was 3.9old and 17.3fold higher in fibroadeno-
mas and breastcancers, respectively, than in normal tissues.
Conclusion: The result suggested that the level of PLGy 1
expression increases as the normal tissue undergoes pro-
gression to fibroadenoma, and finally to carcinoma. The pat-
tem of expression of PLGy 1 in breast tissue inplies that
the PLCy l-mediated signal transduction mey play a signi-
ficart role in the progression of breast cancer from nomel
tissue. (J Korean Surg Soc 2002;62:463-467)
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INTRODUCTION

Phospholipase C (PLC) plays a centrd role in trans-
membrane signal transduction pathway by hydrolyzing pho-
sphatidyl inositol 4,5-bisphosphate to yield two second mes-
senger molecules, inositol  1,4,5-triphosphate  [Ins(1,4,5)P3]
and diacylglycerol (DAG). Ins(145)P3 and DAG are well-
known second messenger molecules, that is, Ins(14,5)P3
induces the release of cacium ion from intracdlular stores and
DAG is the physiologic activator of protein kinase C. (1) The
activated PLC related to various growth factor receptors has a
strong associaion with cellular signd transduction system that
promotes tumor deveopment. (2) So far, 10 mammdian
PLC-is0zymes have been characterized a the cDNA levd; they
can be subdivided into three types (PLC-, PLC-y , and PLC-
0) (23) on the bass of the relative locations of the X- and
Y-domains in the primary structure. (4,5) The 3 type includes
four PLCs (PLC-B 1 through PLC-3 4), the type indudes two
PLCs (PLC-y 1and PLC-y 2), and type includes four enzymes
(PLC-6 1through PLC-0 4). (4-6) Among these, the two -type
PLCs, PLC-y 1and -y 2, but no 3 - or 0 -type isozymes, ae
activated by phosphorylation through growth factor receptor
tyrosine kinases or non-receptor tyrosine kinases. While PLC-
y 1 shows a ubiquitous expression patern, PLC-y 2 is manly
expresed in B-cdls. (7)
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The fact tha PLCy 1 is overexpressed in the benign
proliferative disease, (8) familid adenomatous polyposs (9)
and mdignant tumoars such as colorecta carcinoma (10) can
aupport the hypothesis that PLC-y 1 is related to the cdlular
proliferation and mdignant transformation. Based on the fact
that the molecule that activates the PLC can promote the
development of tumor, we can anticipate that the continuing
activation of PLC may induce the development of tumor.

In 1998, the authors could revea the overexpression of
PLC-y 1 in 17 ceses of human breast cancer tisues by
immunoblot. (11) And we hypothesized that the PLC-y 1 over-
expresson might be a pathogenic trigger involved in the breast
cancer. Now, this study aims to evauate the patern of expres-
son of PLC-y 1in benign and mdignant tumars of the breast
and to compare it with its norma counterpart.

METHODS

1) Materials

Breast tissues were dbtained from 20 patients with breast

cancea and 13 patients with fibroadenoma who underwent ope-
ration at Seoul Nationd University Hospital, Seoul, Korea. The
clinicopathologic features of the breest cancer patients are
summarized in Table 1 The age of the breast cancer patients
are ranged from 30 to 71 years with an average of 46.6 years.
Most of them (16 of 20 cases) were operated by modified
radicd mastectomy and the others were operated by radical
meastectomy, simple mastectomy, wide excison or quadran-
tectomy with axillary dissection. The TNM gages by the
AJCC-UICC system were | in 2 cases, llain 8 cases, I1b in
5 cases and Illa in 4 cases. Of breast cancer cases, 16 cases
were infiltrative ductd carcinomeas, 2 cases were microinvasive
carcinomas, 1 case was a metaplastic carcinoma and 1 case was
a maignant phyllodes tumor.

2) Immunoblot analysis

Tissues were obtained from surgica specimens, that is, breest
cance tissue and normal breast tissue were sampled from the
same surgica pecimen. Breast cance tissues and their normal
counterparts were homogenized with ice-cold lysis buffer (20

Table 1. Clinicopathologic findings and ratios of dendtometry of patient with breast cancer

Raio by densitometry

No. Age T N Node (+) Sage Hist. Op (cancar/normal tissues)
1 %) 3 0 0 Ib IDC MRM 132
2 43 2 0 0 lla IDC MRM 9.1
3 a7 2 1 3 Ib IDC MRM 169
4 40 2 0 0 lla Metp MRM 138
5 55 2 0 0 lla IDC MRM 160
6 41 3 2 5 Illa IDC RM 156
7 57 2 0 0 lla IDC MRM 179
8 30 2 1 1 Ib IDC MRM 167
9 58 2 2 19 Ila IDC MRM 128
10 41 3 1 6 Ila IDC MRM 136
1 39 1 0 0 | MIC M 172
2 36 2 1 1 Ib IDC MRM 194
1.3 71 2 0 0 lla IDC MRM 256
“ 46 3 1 6 Ila IDC MRM 0.2
5 42 2 0 0 lla IDC MRM 201
16 a7 2 0 0 lla IDC MRM 99
g 30 2 1 10 Ib IDC MRM 23
18 58 2 0 0 lla IDC MRM 22
9 55 1 0 0 | MIC QA 165
2 51 2 - - - PT WE 188

No. = numbe of patients; Node (+) = number of metagtatic axillary lymph node; Hist. = histology; Op. = name of operation; IDC =
infiltrating ductd carcinoma; MRM = modified radicad mastectomy; Metp = metgplagtic carcinoma; RM = radica mastectomy; MIC =
microinvasive carcinoma; SM = simple mastectomy; PT = mdignant phyllodes tumor; QA = quadrantectomy with axillary dissection; WE

= wide excison.
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mM HEPES, pH 7.2, 150 mM sodium chloride, 1% Triton
X-100, 1mM EDTA, 1mM FGTA, 10y gml leupeptin, 10u ¢
ml gorotining, 0.1 mM DTT and 1 mM phenylmethylsulfonyl
fluoride). For immunoblot andysis, extracted proteins of 10u g
were denatured by heating a 95°C for 10 minutes with Laem-
mli cooking buffer and separated by 10% SDS-polyacrylamide
gel eectrophoresis. The resolved protein bands were transferred
onto a nitrocdlul ose filter and blocking wes performed in Tris-
buffered saline containing 5% skimmed milk powder and 0.2%
Tween 20. Membranes were probed with anti-PLC antibody
(F7-2). The blotted membrane was then incubated using hor-
sradish peroxidase-linked secondary antibody. Detection was
performed with the ECL system.

Fibroadenoma tissues and their normal counterparts were
processed by the same procedure.

#1 #2 #3 #4
[ I [ |
N F N F N F N F
N c N C N C N C
| | | | |
#1 #2 #3 #4

Fig. 1. Results of PLC-y 1 expression on Western blot. Lanes: N,
normal breast tisue; F, fibroadenoma tissues; C, cancer
tissue: 300y g of whole cell extracts were separated by 8%
DSpoyacrylamide gel eectrophoress, transferred on a
nitrocdlulose membrane, and prabed by monoclona
antibody (B-16-5).
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RESULTS

1) The pattern of expresson of PLC-y 1in benign and
malignant breast tissues investigated by Wegern
blotting (Fig. 1)

FHg. 1 shows the expresson of PLC-y 1 by immunoblot
andysis. Wheress PLC-y 1was vaguely detected in normd tis-
sues, it was gpparently expressed in fibroadenomas and breast
cance tisaues. All of 20 breast cancer tissues showed over-
expresson of PLC-y 1 compared with norma bresst tissues.
The Western blotting on 13 fibroadenoma tissues dso demon-
strated overexpression of PLC-y 1 compared with norma breast
tisues.

2) The densitometry of PLC-y 1 expression in normal,
benign and malignant breags tissues

The level of PLCy 1 expression was andyzed by densto-
metry and the results ae shown in Teble 1 and Fg. 2. The
leves of PLC-y 1in both breast cancer and fibroadenoma tis-
ues were higher than their normal counterparts. The rétio of
PLC-y lexpression by denstometry in the breast cancer tissues
to their normal counterpart ranged from 9.9 to 29.1, with an
average ebout 17.3+54. In fibroadenomas, the ratio was lower
than that of the breast cancer, and ranged from 17 to 6.1, with
an average of 39+ 13

Fg. 3 shows that the ratio in the breast cancer tissues was
subgtantialy higher than that in fibroadenoma tissues, sug-
gedting that the level of PLC-y 1increases as the normal tissue
undergoes progression to fibroadenoma and to carcinoma and

1 Marmal
Il Cancar

12 3 4567 8 91011121314151617 1819 20
Mo, of patient with breast cancer

2. Quantitation of PLC-y 1by densitometry. (A) Comparison between fibroadenoma tissue and norma counterparts, (B) Comparison
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Fig. 3. Comparison of the level of PLC-y 1expression determined
by quantitetive Western blot analysis with densitometry in
normd, fibroadenoma and breast cancer tissues. The rétio
(mean*sd) of the levds in fibroadenoma and breast
cancer tissues to that in normal tissues were 3.9+ 13 and
17.3% 1, respectively.

aso indicates that neoplagtic transformation of breast tissue is
accompanied by an increase of the expression of PLCy 1in
both benign and malignant tumors.

DISCUSSION

PLC-y 1 has been known to play a significant role in the
maignant transformation through the signal transduction sys-
tem. It has been reported that the expresson level of PLC-y 1
was increased in various cancer tissues, including colorectal
cancer, (10) breast cancer etc. (8,12) PLC-y 1waes dso reported
to be overexpressed in proliferative tissues (8) compared with
norma tisaues. The am of this study was to evduate the PLC-
y 1 expressions in benign and maignant tumor tissues of the
breast in comparison with that in ther normal counterparts. In
this study, we observed the overexpression of PLC-y 1not only
in the breast cancer tissues but dso in the benign breast tumor
tisues, that is, fibroadenoma tissues, dthough the level of
PLC-y 1 expression was reveded to be higher in the former
then in the latter (17.3 times vs 3.9 times). In other words, there
was a progressive increase of the expression of PLC-y 1 from
norma breast tissue to benign bresst tumor tissue and to breast
cancer tissue. Although fibroadenoma is not a premdignant
lesion, but such a progressive inarease of the expression of
PLCy 1 implies that PLCy 1 may play a role in the pro-
liferative disease in the bresst.

Among multiple PLC-isozymes, only the PLCy form con-
tains the Sc-homology domains (SH domain) (two SH2 do-
mains and one SH3 domain) that are dso found in a number

of proteins involved in the regulation of cdl proliferation and
differentiation. (13) The SH2 domains of PLC-y 1 are known
to mediae the association between PLC-y 1 and phosphory-
lated tyrosines in the activated receptor tyrosine kinase or the
sc tyrosine kinase. The SH3 domain of PLC-y 1is known to
be responsible for the mitogenic effect of PLC-y 1 (7) Such
a gructural feature of PLC-y 1is thought to be reponsible for
cdl proliferation and maybe malignant transformation.

In 1999, Kassis et d. damed tha the motility-associated
PLC-y 1 dgnaling pathway was a genedizable rate-limiting
step for tumor cel progresson. (14) Not only for breest car-
cinomas, PLC-y 1 is an important enzyme involved in the
cacinogenesis and tumor progression for generd malignant
transformation. Furthermore, the reports that PLC-y 1isimpor-
tent for matility signaling make us hypothesize tha the over-
expresson of PLC-y 1 implies more invasveness, therefore,
more aggressiveness. We observed a progressive increase of the
PLC-y lexpression from normd breast tissue to fibroadenoma,
and further to cacinoma, however no significant relationship
between the vdue of PLCy 1 and TNM sage, hormona
receptor, nucear and histologic grades and other prognostic
factors (i.e., p53, c-ebB-2, and bd-2) in the breast cancer
tissues (data not shown).

Among the implications of PLC-y 1, the potential of the
molecule as atarget of cancer therapy has been reported. Seve-
rd studies (14,15) showed that the inhibition of PLC-y 1 could
reduce cdlular matility and invason.

In conclusion, our study revedled a progressive incresse of
PLC-y 1 expresson from benign to mdignant tumor of the
breast when compared with their norma counterpart. The pa-
tern of PLC-y 1 expression in breast tissue implies that PLC-y
I-mediated signd transduction may play a significant role in
the progression of norma tissue to breast cancer.
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