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Co-relationship between Expression of Keratins
and Vimentin in Breast Cancer Tissures and
Metastases of Breast Cancer

Young-Jong Jegal, Jung-Han Yoon and Chang-Soo Park'

Departments of Surgery and 'Pathology, Chonnam Univer-
sity Medical School, Chonnam, Korea

Purpose: the most important biological behavior of breast
cancer is its invasive potential and many efforts was made
to reveal the factors related with the invasiveness of breast
cancer cells. Some researchers reported that intermediate
filament biology could represent an emerging and exciting
field in tumor biology with respect to tumor aggressiveness
and invasiveness. There are some experimental evidences
that co-expression of vimentin, a interfilament marker indica-
tive of mesenchymal lineage, and cytokeratin interfilaments
can be correlated with invasiveness and metastatic deposits.
So, we tried to determine the role of intermediate filaments
such as cytokeratins and vimentin with respect of bone mar-
row micrometastases.

Methods: Expression of cytokeratins 8, 18, 19 and viementin
were immunohistochemically evaluated. Detection of bone
marrow micrometastases was preformed through RT-PCR
targeting mRNA of cytokeratin 19.

In order to compare the study group by the expression
extent of cytokeratins, the case expressing 50% or more of
observed cells was classified into the case with high
expression and the case expressing 49% or less was
classified into the case with low expression.

Results: The only cytokeratin of high expression repre-
senting the risk of bone marrow micrometastases was
cytokeratin 8. Vimentin expression by itself did not show any
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significance indicating bone marrow micrometastases. How-
ever, The cases possesing cytokeratin 8, 18, and 19 ex-
pression, altogether 75% or more showed a significantly high
risk to bone marrow micrometastases. In that cases,
addition of vimentin expression allowed a more higher possi-
bility of bone marrow micrometastases.

Conclusion: A high expression of cytokeratin 8 among
cytokeratins was related with bone marrow metastases.
However, vimentin expression by itself did not show any
realtionship with bone marrow metastases. So, a further
study is needed in order to reveal the role of vimentin
expression in progression and metastases of breast cancer.
(Journal of Korean Breast Cancer Society 2003;6:148-

154)
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o4& 7HAIL Qo] MEES] HEFA 75 AWste
H 28d 2a7t @ 5 A& AR HuHL ok In-

termediate filament9} WA E o] Fte] APAA = #F
He fraApgde] Wl F9 R o] Eu} epithelial to
mesenchymal transition (EMT)<] o] 9lom o] 3 F

vimentin intermediate filaments©] cytokeratin interfilaments®]]

AEgo] #dsA ¥va Busa Qth¢-7) olH s d4
2 53] e doled #AHEFHA QS Aog FAHH
o AA 3539 FEgelY =AY oA vimentin©]

A7} JIAY As B FAe]
%7}5]-7— Aol B Itk
3] At M= vimentin®} cyto-

oo —
ok

>

o

)

n}i k

FHS Hole ¢ HY 1k
o] 458 S 73 9o athymic nude miceo] FALS
B waPEH @PPHolE T F AMTL G
9
ojFR AE9 HolH FTUANEEC] HFIIH 7EF
o] Alo]EE]Ql o] 21} interconverted phenotypes HSITH=
As 18T of 3] S5 o]olA interconverted phe-
notypes 273l vimentind} &7 intermediate filaments o
Wt 0] 3 @49l cytokeratins®] &g ol AF

B Ao A A faret 22 U] intermediate filament
& cytokeratins & &7} A EEES FASE
Keratin 8, 18, 199} &7 7+94 %3S 74 5t= vimentin©|
0413} 01594 ”Lfﬂoqfu"% HAZxZ38523 JAHE o] &

Hdxd #olg} ‘é‘frul

F&Asty FFv|M Aol cytokeratin 192
s RT-PCRYS ol &3}ef 74151

(1) HAZZISEIN AME: 10% FAHAE=TH 173
T AAE vetd 2R BE 4m FAY d%5 HEH
< Probe-On &&}o]=of F2 AZXA|A o] &
St A G- Microprobe Immuno/DNA 44 7] (Bio-
meda)E ©]-83t] A3} T} Cytokerating HS &213}7]
93 Ux}EAELS K8 (Dako, 1:100), K18 (Boeringer, 1 :
60), K19 (Progen, 1 :20), Vimentin (Coulter Immun) 5 ]}
o TS AEY] B AT #A Qo] I &
Aol o] Folzl A2 FUAEY Do 7HF B F
ANA HjE&E FFste] WEREE YA

(2) YA A Cytokeratins B vimentin & 4 A u

e o2

M o

o, 51~75%°1H 35+, 76% Ol*JOl
o]% cytoleratin LEHATL 35HF o]

st

2) =0|MZT0| A

oz B

Aol AGF BHE FRAAE 3 Sud Aol
22 250492 o8sel 10 myE AHdtn
FRFAL B4 W vl AR zlohsm 9l3to]

7:1

Keratin 199] mRNAZ target® 2 S RT-PCR ZHAIH S A
gkt

(1) MCF-7 M|ZZ2f difnt 722t SIAIZRES| S
B ) 2F o2 0|88 human mammary cell line%] MCE-7
Al E(ATCC HTB22)Z 10% FBS7} Hf¥ RPMI 1640H] A
A st 18D He BAEE AR 24
Ficoll/Hypaque S &3 94 &2] F interphased] A|ETH
FE38te] BAsATh
(2) RNA F&: RPMI 164OHH Aol A B %3k MCF-7 Al
£ 450xgo. 2 YA¥d ¥ PBSE A3t

=7 FE2= 94 1030@3& 57 dAEEE 3 A
2 AHBOZ buffy coats &7|3 FES e T
+ RBC lysis buffer (0.15 mol/L ammonium chloride, 0.01
mol/L potassium bicarbonate, 0.1 mol/L edathamil)< 7}3}<

E7F 509 £3]A17 . Trypan blue exclusion WH 2o

= HMA AL AEES HAkstaL Wik WA= ek A
9] MEZE 500u12] H4FFZE(4 mol/L guanidine isothio-
cyanate, 0.5% Sarkosyl, 25 mmol/L sodium citrate, pH 7.0)3}
0.1 mol/L. 2-mercaptoethanol®] F-§A]71 T -70°Col| A W}

i}

o rr =

T4 bp =

"1 2 3 46 BT B B WM

Fig. 1. RT-PCR results: The cases (3 and 5) showing 745bp
band indicate bone marrow micrometastases.
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SA A
a8 3 Al8E =9 phenol/chloroform/isoamyl alcohol &
£3}3L 95% ethanol™} 3 mol/L sodium acetate (pH 5.2)Z
s AAAA
(3) XAl 2. 1002 RNA, 4.2509 DEPC H,0, 0.5
ple] random primerE 439] 70°Coll A 10E7F WHg-A|7 %
Ao 287 WAAIZAY. 979 1.50¢] dNTP, 0.5
RNasin, 5pl2] 5X reaction buffer, 2.51 100 mM dithio-
threitol, 1p1¢] MMLVE 7}to] 42°Col A 1A]17F wH-8-A]7)
i 70°Cell 1023t WAste] w3 v
@) S22 0]| 25t Keratin 19 DNAS| SZ:
A%e PERKIN ELMER (GeneAmp PCR system 9600)
3lo] A A)ETh Two step PCRS Al 333}17] 95}
1%32] primer A, B (5~-AAGCTAACCATGCAGAACCTC
AACGACCGC-3’, 5>-TTATTGGCAGGTCAGGAGAAGAG
CC-3)9} 17249 nested primer C, D (5-TCCCGCGACTACA
GCCACTACTACACGACC-3’, 5-CGCGACTTGATGTCCA
TGAGCCGCTGGTAC-3)S 45ttt

12} PCRS ¢DNA 5uel Z+ZF 10 mM Tris-Hel (pH 8.3),
50 mM Kcl, 0.001% (w/v) gelatin, 200uiM dNTP, 50 mM
Mgcl,$} primer A, B 12|31 1.25 U Taq DNA polymerase
£ 7ot T 250E RIS § V1RACE theo 39
£ 3577] W53t o 24 DNASE FEAZ

Denaturation A= 95°Col A 50%, annealing®} polym-
erizatioTH Al = 72°Col A 28 30%7F A5t 355719 vl
At F71e e 72°CAl A 1087F §H&AIF T

Hhgol Bt F whg E FollA ks ARE-sho
10 mM Tris-Hel (pH 8.3), 50 mM Kcl, 0.001% (w/v) gelatin,
200uM dNTP, MgCl,%} nested primer C, D 2|3 1.25 U
Taqg DNA polymerases 7}3te] Z 25p19] S A S
FHIZ 5 24 PCRY 35F7] Wh-&-& whRetqith whgol
e 5 7 25u9 weEF F 12uE FHstd 1%9
agarose geloll A loading3} Tt ©]w] low range DNA size
standard 2 1745 Hae IMIEZ 23k}

72831 80 V] 4T HtellA 1A Bt A7EE S
AAG O A o] F3d DNA bandE  ethidium

=

=

kol
4

5
=4
ol&

£t e

bromide A o] &]3}o] L] FA|7]de A #Esta UV
photographic apparatus (polaroid, cambridge, MA)E ©]-83}
o] AHRS Atk a2 hERToE AP MCF A%
oA ek 2ol 745 bpell A1 9] band7} ER1E o & F5 W
Aol7t e AoE ATt

3 SAEN A4S

Fischer’s exact test®} Pearson Chi-square testS ©]-838}%
om P FA7}F0.05 o]akel B¢ FAH 97t e AL
2 A A

£ ot

i

H}o}

22 cytokeratin 8, 18, 19 WS AT BE o
AA 157 olFo=E o]FojHrh

Cytokeratin 82] 73-¢ AT 449 F 159 (34.1%) A
ezt #FE ° wligte] ALdAT 164 F 14
(6.3%)1 A Z47o]7F B &= o] Cytokeratin 8 L& 79
A8 FFHeRIETE u Al =Sk th(Table 1).

Cytokeratin 182] 73-%-o|M& A& T 499 F 159(30.6%)
AN AL 114 F 199.1%)H ZFHA 071 &2l
of AT FFHNEIF ERou TAHA
oo fIATHTable 2).

Cytokeratin 199] %A= LT

i

FHol ME

ful

Table 1. Incidence of bone marrow metastases according to
expression of CK8

Bone marrow metastases

Grade
+ - Total
High 15 (34.1%) 29 44
Low 1 (6.3%) 15 16 P=0.046
Total 16 44 60

CH A

Fig. 2. Immnohistochemical staining for cytokeratins 8, 18, and 19 show positively stained cancer cells with red-colored cytoplasm.



Mz 3&E 2 7Y

FA 722 L Keratins % Vimentin 2881 0p saretdoletel 2 151

Table 2. Incidence of bone marrow metastases according to
expression of CK18

Bone marrow metastases

Grade
+ - Total
High 15 (30.6%) 34 49
Low 1 9.1%) 10 11 P=0.259
Total 16 44 60

Table 3. Incidence of bone marrow metastases according to
expression of CK19

Bone marrow metastases

Grade
+ - Total
High 15 (26.8%) 41 56
Low 1 25%) 3 4 P=1.000
Total 16 44 60

Table 4. Incidence of bone marrow metastases according to
expression of vimentin

Bone marrow metastases

Grade
+ - Total
High 6 (27.3%) 16 22 (36.7%)
Low 10 (26.3%) 28 38 P=1.000
Total 16 44 60

7} 26.8% (15/56), AR &M FF MW EE 25%
(UHoz FAHSE oode AolE HolA FUth
(Table 3).

Vimentin'd 8-S 4479 36.7% (22/60) A FE Qo
o FFAol= vimentindtd AT 27.3% (6/22), vimentin
Td AT 263% (10/38)014 ©]F01A e Aol
£ Holx| U9kTHTable 4). 5 vimentinZ#o] F5=7 o]

Vel 7ldgithe AR 1 4 Tk

a8 vimentin®d YT S cytokeratin 8, 18, 197}
3] 457 =, A 2FS B 99 F 69(66.7%)°
o)z} HOW ol H8ke] 1174 o]ak:l 7oA
ol EFHel7t gl o= FAZHLE ¢
7} 9tk Vimentin®d SATLAME &4 1240 A

it

O

Table 5. Incidence of bone marrow metastases related to co-
expression of cytokeratins (CKs) and vimentin

In vimentin (+)

Bone marrow metastases
Sum of score (expres-

sion grade of CKs)

+ - Total
=12 6 (66.7%) 3 9
<12 0 13 13 P=0.003
Total 6 16 22
In vimentin (-)
Bone marrow metastases
Sum of score (expres-
sion grade of CKs) + ) Total
=12 7 (46.7%) 8 15
< 12 3 (13.0%) 20 23 P=0.03
Total 10 28 38

£ 46.7% (7/15), A 117 o]35}e o= 13% (3/23)=
A A o E AolE K TH(Table 5). ©]= cytokera-
tins®] o] FFHol The S AN FE 8T
240]H vimentin HL G502 = FFHo] DA
L §IAITE cytokeratins AT A vimentin® &
Holg Afde =540l9 7ol oudA o =of
A= AHEES AAE E.

o} o}E oleld FYEAL FHtE B
9 AR5 FHo] o Fo A Eata
10 nm

Intermediate filaments= &7 6~10

_izi SN
3:3

Hr{

eukaryotic cells®] AXZAL F
Atk dEA don 4%%01 AlE
Az 9 714 719 s
4 % 22 g Cﬂ%x—? A E715l UM E inter-
mediate filaments7} #Holstal itk AlAo] AjFA He
Rom 4,57 L3 AFEHI
Z & cytokeratins®} vimentin 5 o 2 dAFelA HE
% cytokeratins 8, 18, 19% T /34 cytokeratinsZA] &
E faboto A FEHT omo) B AFAXE AT
do g sHd Figxd BF
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FolA ©]& cytokerating
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o] &do] o] F
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Fuchs S(#H%= 80¢]9] &4 Fada 6709 AEFE
3O 2 keratin 8, 18, 19LH S WA 5817 Ay
o AMET BT BT 109309 FRH FHA
2 AWsGt 1 A% B3P JFE BRYY G
FHIFZA A luminal keratins®] & o] 2w A JA|
H d ¥l Eo|8tA vimentin®] & o] 21.3% A o] F

S HEsEATE o] 5 epithelial keratins K83}
%31 mesenchymal vimentin®] WHE I 9+

Ki18°] &4
Aol 271 dolst BFS 4FAFt dBdS A
NS Busgo

o]& cytokeratins®] TE I} vimentin®] FF o

i =

o _>.: fr my

=

Ful A delet o #EAds BEJd & A7 A
Aol 28y E A9 A3} += Nude moused
cytokeratins$} vimentinS FA] HHAZ A FAFE
I YA Aol F7HstATHE Hendrix®] HiL(9)9%=
d X Fr}.

w2} A cytokeratins 2 vimentin® & & oJu]E 193}
7] 18l = Bk B2 cytokerating A E 7 2 vimentin
BT FH FRE 53 FAAFVE Basia A
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234 W cytokeratin 5 cytokeratin 8] HE O 2=
el E4v A o9t 91“]‘”: #AGE A
A9 01} vimentin HE I ZdujAAolsle] AHPAL 3
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A & AU

Cytokeratin 8, 18, 197} B5 75% o]4+¢] 1dtd A]
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A F7 st act.

>

]

REFERENCES

1) Chung SH, Yoon JH, Jaegal YJ. Study of bone marrow
micrometastases in breast cancer patient. J Kor Cancer Assoc
1998;30:1147-55.

2) Choi NS, Jaegal YJ, Yoon JH, Park CS. A study for corre-
lation between bone marrow micro-metastases and tumoric
angiogenesis in breast cancer. J Korean Cancer Assoc 2000;
32:253-60.

3) Yoon JH, Jaegal YJ, Suh SP. The relationship between plas-
minogen activator inhibitor-1 and bone marrow microme-
tastases in breast cancer. J Kor Surg Soc 2001;61:373-8.

4) Fuchs IB, Buehler H, Sehouli J, Lichtenegger W, Schaller G. The
implications of malignant alternations in cytoskeletal proteins on
keratin-based analyses in breast cancer. presented in poster, 23rd
Annual San Antonio Breast Cancer Symposium, 2000

5) Hendrix MJC, Seftor EA, Chu YW, Trevor KT, Seftor REB. Role
of intermediatefilaments in migration, invasion and metastasis.
Cancer Metastasis Rev 1996;15:507-25.

6) Kirschmann DA, Seftor EA, Nieva DRC, Mariano NE, Hen-
drix MJC. Differentially expressed genes associated with the
metastatic phenotype in breast cancer. Breast Cancer Res &
Treat 1999;55:127-36.

7) Skalli O, Goldman RD. Recent insights into the assembly,
dynamics, and function of intermediate filament networks. Cell
Motil 1991;19:67-79.

8) Domagala W, Striker G, Szadowska A, Dukowicz A, Harezga
B, Osborn M. p53 protein and vimentin in invasive ductal
NOS breast carcinoma-relationship with survival and sites of
metastases. Eur J Cancer 1994;30A:1527-34.

9) Hendrix MJ, Seftor EA, Seftor RE, Trevor KT. Experimental
co-expression of vimentin and keratin filaments in human breast
cancer cells results in phenotypic interconversion and increased
invasive behavior. Am J Pathol 1997;150:483-95.

10) Santini D, Ceccarelli C, Taffurelli M, Pileri S, Marrano D.
Differentiation pathways in primary invasive breast carcinoma
as suggested by intermediate filament and biopathological
marker expression. J Pathol 1996;179:386-91.

11) Raymond WA, Leong A S-Y. Co-expression of cytokerain and
vimentin intermediate filament proteins in benign and neo-
plastic breast epithelium. J Pathol 1989;157:299-306.

12) Lane EB, Hogan BLM, Kurkinen M, Garrels JI. Co-expression
of vimentin and cytokeratins in parietal endodermal cells of
early mouse embryo. Nature 1983;303:701-4.

13) Ramaekers FCS, Haag D, Kent A, Moesker O, Jap PHR, Vooijs
GP. Coexpression of keratin- and vimentin-type intermediate
filaments in human metastatic carcinoma cells. Proc Natl Acad
Sci USA 1983;80:2618-22.

14) Sommers CL, Byers SW, Thompson EW, Torri JA, Gelmann
EP. Differentiation state and invasiveness of human breast
cancer cell lines. Breast Cancer Res & Treat 1994;31:325-35,

15) Azumi N, Batitifora H. The distribution of vimentin and
keratin in epithelial and nonepithelial neoplasms. A com-
prehensive immunohistochemical study on formalin and alco-
hol-fixed tumors. Am J Clin Pahol 1987;88:286-96.

16) Domagala W, Lasota J, Bartkowiak J, Weber K, Osborn M.
Vimentin is preferentially expressed in human breast carci-
nomas with low estrogen receptor and high Ki067 growth
fraction. Am J Pathol 1990;136:219-27.

17) Thompson EW, Paik S, Brunner N, Sommers CL, Zugmaier
G, Clarke R, et al. Association of increased basement
membrane invasiveness with absence of estrogen receptor and
expression of vimentin in human breast cancer cell lines. J
Cell Physiol 1992;150:534-44.

18) Sommers CL, Heckford SE, Skerker JM, Worland P, Torri J,
Thompson EW, et al. Loss of epithelial markers and acqui-
sition of vimentin expression in adriamycin and vinblastine-
resistant human breast cancer cell lines. Cancer Research



[X - 6 M 3= 2003
mentin expression, malignant phenotype, and survival in

154 st=mured
postmenopausal breast cancer patients. Clin Cancer Res 1999;

1992;52:5190-7.
19) Thomas PA, Kirschmann DA, Cerhan JR, Folberg R, Seftor
5:2698-703.

EA, Sellers TA, et al. Association between keratin and ve-




