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Purpose: Breast cancer has been reported as the most
common cancer of women in the United States, Western
Europe and Korea and about 210,000 and 10,000 women
in United States and Korea every year, respectively are
diagnosed with it. Breast cancer is curable with an early
diagnosis, and many researchers have made efforts to find
a marker for this malady, heat shock protein (HSP) consists
of 6 groups, it is highly preserved throughout both the pro-
karyotic and eukaryotic cells and it acts as a molecular cha-
perone that’s involved in protein folding. HSPs have been
recently reported to be related with breast cancer. In this
study, we investigated the changes of expression of HSP60
in tissues and cell lines of breast cancer.

Methods: We obtained breast cancer tissues and normal
tissues from breast cancer patients, and we purchased several
cancer cell lines from American tissue culture correction. We
treated the tissues and the cell lines of human breast cancer
with heat shock protein. Proteins and mRNAs were isolated
from the tissues and the cells and then we performed Western
blotting, reverse transcriptase-Polymerase chain Reaction
and fluorescence activated cell sorter analysis on them.
Results: On Western blot, HSP60 was more overexpressed

in the tissues and the cell lines of breast cancer than in the
normal breast tissues and cell lines. The expression of HSP60
showed 2 types of molecular weight differences in the tissues
and cell lines of breast cancer, and specifically, low HSP60
was over-expressed in the cancer tissues. There was no
difference between the breast cancer cell lines and the normal
cell lines in the expressions of HSP60 mRNA, according to
the treatment with heat shock. Also, there was no relationship
between phosphorylation and the structural difference of
HSP60 protein, according to HSP60 protein’s molecular
weight. The expression of HSP60 has been mostly reported
at the mitochondria; however, in this study, it was more pre-
dominantly detected at the cytoplasm than at the mitochondria
in the breast cancer cell lines.

Conclusion: We conclude that HSP60 may be used as a
diagnostic marker for breast cancer. Detailed investigation
of the usefulness and significance of the HSP60 expression
as a prognostic factor is required in further studies.

Key Words : Heat shock protein 60 (HSP60, Chaperonin), Breast cancer,
Breast cancer cell lines, Chaperone
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Table 1. Heat shock protein (HSP) family

Hsp100 Cytosol Role in stress tolerance

Hsp90 Cytosol ER Role in signal transduction, refolds
and maintains role in cell cycle and
proliferation

Hsp70 Cystosol ER
Mitochondria

Autoregulation of the heat shock
response, interorganellar transport,
antiapoptotic activity

Hsp60 Mitochondria Refolds and prevents aggregation

Cytosol
Hsp40 Cytosol Essential cochaperone activity with 70
Smallhsps  Cytosol Suppresses aggregation, heat

inactivation

ES relnase primad

Felding tigomied

Fig 1. Structure of heat shock protein 60 kDa (HSP60). Molecular
weight is 60 kDa, synthesized in the cytoplasm and transported
to mitochondria.
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nassas, VA, USA)olA 559t Ml2Z3EQ1 MDA-MB-2313%
MCF-72F AAA2EF21 CCD-1113sk& ATCCOlA 43t
A3, MDA-MB—-231-2 Leibovitz's (JBI, Daegu, Korea)
HiAE, MCF-7-2 RPMI1640 (JBD) A&, CCD-1113sk=
IMDM (Iscove's Modified Dulbecco's Medium, JBDHJAE
ARg8te] HljRFsHAL iR 10% FBS (JBD2} 1% penicillin/
streptomycin (Gibco—BRL, Carlsbad, CA, USA)}& 7k
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1% Triton X-100)& ZH7Felal 22 E47](Tissue - Tearor
homogenizer, BioSpec product, Inc., Bartlesville, OK,
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15 B2t e skal 2e)d S EDTA-free protease
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biothechnology, Suwon, Korea)& Y1l scraper=® A|¥EE
WA o7& 1.5 mL Al@atol] Har 4C oA 30&1t HEt
215,000 rpm =2 4°C oflA] 51t Aplde|sto] 45 o
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Y= A (spectrophotometer—DUGS0; Beckman, Somerset,
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Y3l scraper® A|ZES 2T} 600 gO& 1087 4C ol ¢
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(2.5 mM Tris, 6.9 mM Glycine, 20% Methanol)ol| 1]2] &
A& porous pad2} SMM paper (Whatman laboratory Pro—
ducts, Maidstone, UK)?oll &els3L 1 9]o| PVDF Mem~—
brane (PVDF Western Blotthg Membrane, Roche)2} SMM
paper (Whatman), porous padE 57| W=0] AJ7|A] @A 2+

37 transfer cassette (Bio—Rad Laboratories)® Y2151k
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O]7% electrode transfer kit (Bio—Rad)oll ¥l transfer
buffer (2.5 mM Tris, 6.9 mM Glycine, 20% Methanol)of] &
23] Z71A g & #171015(4°C, 30 mA, 16 hr)stgict, Tz
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clonal IgG, Santa Cruz Biotechnology, Santacruz, CA, USA)
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H =418t 3 1 mL2] Trizol Reagent (Invitrogen, Carlsbad,
CA, USA»E 211 scraper® A& HIT}, o5 1.5 mL Al
Tof] Y1 Al 587F BESIA 200 ul. chloroform
(Merck, Darmstadt, Germany)< ¥ 10-203] J= &g35h
T 4°C oA 12,000 g2 152 5t iwelsto] dSde M=
S AFToZ FALITE 500 1.2 Isopropanol (Merck)<
H7¥sto] Aol 4] 1027t BE3E & 4°C oA 12,000 g2 108
Bt HAlEEste] RNA A= Aok JHES 5% ¥3
2 1 mL=2 23] HolE & A=xA]7]1L, RNase—free water
(DEPC, Sigma, St. Louis, MI, USA)& A=|2|st Eit 75
& -gaffste] 260 nmoflA] FFFEAR FEE S7dsk3irh

6) cDNA &4

EE 1 pg9] mRNAZ A& HXAHreverse trans—
cription)§h8-& Al8stal cDNAE A9t 1 1g®] RNAO] ran—
dom AIZA|(Promega, Madison, WI, USA) 0.5 pl& {il
94°C of|A] 5 Bt HES- AIX1 5, 4C ollA] F=5] ARt 7]
o 5 mM dNTPs, 5XM-MLV RT buffer (Promega) M—MLV
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(malrony murine leukemia virus)—Reverse transcriptase
(Promega) 200 unit/xL, RNase inhibitor (Promega) 40
unit/pl& 37¥ste] HA7E 20 pl7t Hes 3 5 37°C oA gt

AIRHEESAIA cDNAS &SI

7) EAGUMSERES

HSP60S H&317] flste] Qi 4S5 Fofl Tl
cDNA 20 yL % 1 uL5 A8l AadaisaiteS A3stal
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CA, USA)E A3y3}3ict.

AT YA “’"74 W El= HSP60 Tede] ZAut
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Fig 2. Expression of HSP60 in cell line and tissue by western blot.
Lane 1=cancer cell line (37°C); lane 2=cancer cell line (41°C
heat shock treatment); lane 3=cancer cell line (45°C heat shock
treatment); lane 4=normal cell line (37°C); lane 5=normal cell
line (41°C); lane 6=breast cancer tissue; lane 7=breast normal
tissue; lane 8=cervix cancer tissue; lane 9=cervix normal tissue.
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Fig 3. Expression of HSP60 in MDA-MB-231 by western blot.
HSP60 was detected by western blotting using heat shock 60
kDa protein 1 (chaperonin) polyclonal antibody. (A) Expression
pattern of HSP60 in MDA-MB-231 cell line treated heat shock
(87, 39, 41, 43, 45°C). (B) Expression pattern of S-actin in MDA-
MB-231 cell line treated heat shock (37, 39, 41, 43, 45°C).
BC=Breast Cancer tissue; BN=Breast Normal tissue.
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2) HSP60 mRNAZ| &5

A3EF¢ MDA-MB-2313 MCF-7, AAA| L5321 CCD-
1113skollA] HSP60 mRNA Htﬁd 3 % *etﬁt 7] $13l 39°C,
41C, 43C, 45C Y] GA=2 & T mRNAE 25l 93
AF BAAMFIS(RT-PCR)E ©]8-51] HSP60 mRNA &
S A5G MDA-MB-231-2 257} &0lA4=2 HSP60

- e ———

45 BC BN o

MH-glp||l

37 39 43 45 BC BN 9
r MCEF-7 cancer cell line

37 45
Temperature °C

N W A~ o

OD ratio

Fig 4. Expression of HSP60 in MCF-7 by western blot. HSP60 was
detected by western blotting using heat shock 60 kDa protein 1
(chaperonin) polyclonal antibody. (A) Expression pattern of HSP60
in MCF-7 cell line treated heat shock (37, 39, 41, 43, 45°C). (B)
Expression pattern of £-actin in MCF-7 cell line treated heat shock
(87,39, 41, 43, 45°C),

BC=Breast Cancer tissue; BN=Breast Normal tissue.

MW. 37 39 41 43 45 BC BN @

N i e s s

MW. 37 39 41 43 45 BC BN e

4 l MDA-MB-231 RT-PCR
0
37

Fig 6. Amplification of HSP60 and GAPDH in MDA-MB-231 by

Temperature °C
RT-PCR. A 2.5% agarose gel electrophoresis of RT-PCR products
of MDA-MB-231 cell line mRNA. RT-PCR was carried out using
the primer pair HSP60 and GAPDH. Lane M.W, size marker
(phix174/BsuRI [Haelll]). (A) RT-PCR products of HSP60 in
MDA-MB-231 cell line treated with heat shock (37, 39, 41, 43,
45°C). (B) RT-PCR products of GAPDH in MDA-MB-231 cell line
treated with heat shock (37, 39, 41, 43, 45°C).
BC=Breast Cancer tissue; BN=Breast Normal tissue.

w

OD ratio
n

—_

45

Byung Chul You, et al.

9] Bro] F7leles S HolANt f-ofgh Aol ¢lom(Fig
6), MCF-7} CCD—-1113skollA= 8 the Aol fS HolX] g3t
THFig 7, 8). YA} A dAll22T20ll 4 HSP60 mRNAS] W&

Aol ) Sl ufe 242 cheA B3, el

W3 e Fejol 5U5H4 MDA-MB-231 AlZ23E Wdlo] &
7¥eh= uhHol| MCF-7 A3} COD-1113sk BAA = ¥
- )

37 39 41 43 45 BC BN 0
e - AN A

37 39 4 45 BC BN 9

CCD1113sk normal cell line

11l

Temperature (°C)

OD ratio

1.6
12
0.8
0.4
0 37

Fig 5. Expression of HSP60 in CCD-1113 by western blot. HSP60
was detected by western blotting using heat shock 60 kDa protein
1 (chaperonin) polyclonal antibody. (A) Expression pattern of
HSPG0 in CCD-1113sk cell line treated heat shock (37, 39, 41,
43, 45°C). (B) Expression pattern of g-actin in CCD-1113sk cell
line treated heat shock (37, 39, 41, 43, 45°C).

BC=Breast Cancer tissue; BN=Breast Normal tissue.

o

MW. 37 39 41 43 45 BC BN @

o
(B)

MW. 37 39 41 43 45 BC BN

2 MCF-7 RT-PCR
o9
S
5 1
05
0
37 39 4 43 45

Temperature (°C)

Fig 7. Amplification of HSP60 and GAPDH in MCF-7 cell line by
RT-PCR. A 2.5% agarose gel electrophoresis of RT-PCR pro-
ducts of MCF-7 cell line mRNA. RT-PCR was carried out using
the primer pair HSP60 and GAPDH. Lane M.W, size marker
(phix174/BsuRI [Haelll]). (A) RT-PCR products of HSP60 in
MCF-7 cell line treated with heat shock (37, 39, 41, 43, 45°C).
(B) RT-PCR products of GAPDH in MCF-7 cell line treated with
heat shock (37, 39, 41, 43, 45°C).

BC=Breast Cancer tissue; BN=Breast Normal tissue.
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Fig 8. Amplification of HSP60 and GAPDH in CCD-1113 by RT-
PCR. A 2.5% agarose gel electrophoresis of RT-PCR products
of CCD-1113sk cell line mRNA. RT-PCR was carried out using
the primer pair HSP60 and GAPDH. Lane M.W, size marker
(phix174/BsuRI [Haelll]). (A) RT-PCR products of HSP60 in
CCD-1113sk cell line treated heat shock (37, 39, 41, 43, 45°C).
(B) RT-PCR products of GAPDH in CCD-1113sk cell line treated
heat shock (37, 39, 41, 43, 45°C).
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Fig 9. Treatment of alkaline phosphatase (AP). (A) Expression
of HSP60 in MDA-MB-231 cell line treated heat shock (37, 39,
41, 43, 45°C) by western blot. (B) Before alkaline phosphatase
treatment. Lane 1=cancer cell line (37°C); lane 2=cancer cell
line (41°C heat shock treatment); lane 3=cancer cell line (45°C
heat shock treatment); lane 4=normal cell line (37°C); lane 5=
normal cell line (41°C); lane 6=breast cancer tissue; lane 7=
breast normal tissue. (C) After Alkaline Phosphatase treatement.
Lane 1=cancer cell line (37°C); lane 2=cancer cell line (41°C
heat shock treatment); lane 3; cancer cell line (45°C heat shock
treatment); lane 4=normal cell line (37°C); lane 5=normal cell
line (41°C); lane 6=breast cancer tissue; lane 7=breast normal
tissue.
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Fig 10. Extraction of cell membrane, nucleus and mitochondria.
Lane 1=Nucleus protein extracted in cancer cell line; lane 2=
Mitochondria protein extracted in cancer cell line; lane 3=cancer
cell line; lane 4=normal cell line; lane 5=breast cancer tissue;
lane 6=breast normal tissue.
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Fig 11. Cytofluorimetric analysis of Mitofluor in living cell. FACS can
analysis was performed with an direct method. Samples were
acquired using a flow cytometer and data were analyzed with
the Lysis Il software (FACScan, Becton-Dickinson). (A) Normal,
(B) Cancer, (C) compare cancer with normal cell line.
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Fig 12. Expression of HSP60 and -actin in Breast cancer and
normal tissue by western blot. HSPE0 was detected by western
blotting using heat shock 60 kDa protein 1 (chaperonin) polyclonal
antibody. (A) Expression pattern of HSP60 in breast cancer (1-
6, 10-14, 18-26) and normal tissues (7-9, 15-17). (B) Expression
pattern of -actin in breast cancer (1-6, 10-14, 18-26) and normal
tissues (7-9, 15-17).
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Fig 13. Expression ratio of HSP60 and #-actin in Breast cancer
and normal tissue by western blot. HSP60 was detected by
western blotting using heat shock 60 kDa protein 1 (chaperonin)
polyclonal antibody and $-actin antibody. (A) Expression pattern
of HSP60 in breast normal and cancer tissues and (B) is §-actin
(ANOVA t test [Mann Whitney], p<0.0001).
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Fig 14. Expression of HSP60 in cancer and normal cell line by
western blot. HSP60 was detected by western blotting using heat
shock 60 kDa protein 1 (chaperonin) polyclonal antibody; (e)
Cancer and (=) Normal cell line.
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