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Abstract The biological significance of the differentialsociated with short overall and disease-free survival in

expression of cytokeratin (CK) polypeptides in breastibgroups comprising G3, oestrogen-receptor-negative

carcinomas is unclear. We examined the CK profiles arfid vimentin-negative tumours. In node-positive tu-

101 primary infiltrating ductal breast carcinomas usingours the correlation between these CKs and a shorter

monoclonal antibodies directed against 11 different Cidisease-free interval attained statistical significance (log

and against vimentin. Two major CK phenotypes werank, 0.0096). Thus, abnormal CK profiles in ductal

distinguished: first, a phenotype expressing only the sibweast carcinomas appear to reflect disturbed regulation

ple-epithelial CKs 7 (variably), 8, 18 and 19, and segf differentiation-related gene expression programmes

ondly, a bimodal phenotype co-expressing significaabd may prove to be of clinical value.

amounts of one or more of the stratified-epithelial CKs

4, 14 and 17. The vast majority of G1 and G2 carcinkey words Intermediate filaments - Cytokeratins -

mas had the simple-epithelium phenotype, as did a sWbmentin - Prognosis - Breast car.:er

group of G3 carcinomas. Interestingly, the majority

(62%) of G3 carcinomas exhibited the bimodal pheno-

type, with the expression of CKs 4, 14 and 17 being statroduction

tistically correlated with poor histological differentiation

and absence of steroid hormone receptors. The distriBs-breast cancer is one of the most common causes of

tion of vimentin only partially overlapped with that ofleath in middle-aged women, much research has been

these stratified-epithelial CKs. Prognostic analyses sugvoted to finding prognostic markers that might facili-

gested that the presence of CKs 4, 14 and/or 17 wastate the selection of individually adjusted therapeutic ap-
proaches. Among the most important predictive factors

K Malzahit - M. Thoonea of proven worth are the involvement of regional lymph

Institute of Pathology, Johannes Gutenberg University of Mainz,nOdes’ the histological type and grade, tumour size and

Germany steroid receptor status [1, 6, 8, 19]. Recently, prognostic
M. Mitze3 value has been claimed for several molecular variables,
Department of Gynaecology, including cell proliferation markers, oncogenes, proteo-
Johannes Gutenberg University of Mainz, Germany lytic enzymes, adhesion molecules and receptor proteins
R. Moll ([)¢ (e.g.,[1, 8,9, 38)]). . .

Institute of Pathology, It has also been suggested that certain constituent pro-
Martin Luther University of Halle-Wittenberg, teins of the cytoskeletal intermediate filaments (IFs) may
Halle (Saale), Germany be of relevance with respect to the biological behaviour
Present addresses and prognosis of breast carcinomas [9, 12, 14, 26, 43,
1 Department of Otorhinolaryngology, 46, 50, 52]. IF proteins comprise a complex multigene
Philipps University of Marburg, D-35037 Marburg, family embracing several different types (types I-VI),
982?:2¥nent of Internal Medicine whose expression patterns are closely related to cell dif-
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h Bg’g;ﬂ% é’m Jfaggﬁgl A ;;,npﬁirl?b be Unive rsi{yagfgagrbuigﬁany neutral-basic type-Il IFs (CKs 1-8) and are characteristic
D-35033 Marburg, Germany features of epithelial cells [11, 30, 33]. The type-IIl IF
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cells, but it may be co-expressed with CKs in certain €paterials and methods
thelial cell types [3, 34].
Epithelial tissues exhibit characteristic patterns of CBetween 1986 and 1992, we collected a total of 101 primary infil-
expression that are principally governed by the cell ty(?lgting ductal breast carcinomas not otherwise specified (NOS) at
h

; ot e Institute of Pathology and the Department of Gynaecology of
and cell differentiation, although they may also be mo e University of Mainz, Germany. Immediately after surgery, the

fied by environmental conditions, proliferation activityissue specimens were frozen in liquid-nitrogen-cooled isopentane
and malignant transformation [11, 28-31, 34, 45]. Witlnd stored at —75°C. Parallel paraffin-embedded sections were
respect to the mammary gland, biochemical studies h&udinely examined to obtain information about the histological

e and grade [6] of the tumour (10 G1, 46 G2 and 45 G3 carci-
shown that the lobular and ductal parts of normal hum%{Hmas) and about lymph-node involvement (38 pNO. 33 pN1, 4

breast contain both simple-epithelium-type CKs (CKs 3&2 and 25 pNx [20]). In 90 cases, the oestrogen receptor (ER)
8, 18, 19) and stratified-epithelium-type CKs (CKs 5, 14nd progesterone receptor (PR) levels were evaiuated biochemical-
15, 17) [30, 31]. More recently immunohistochemistry by applying the dextran-coated-charcoal (DCC) method. An im-
has demonstrated that luminal cells express mainly awocytoﬁr$m'ca' aseay EE'?'CA‘ Abth’tt '—?boratg%”esv NOEF“

- icago, Ill.) was applied to frozen sections from 37 cases (in-
former type.Of. CKs [2, 4, 17, 35' 42], with CK 19 Shov\’%uding those 11 cases not subjected to biochemical analysis). The
ing some distinct heterogeneity [4] although some suyBsuits were comparable when cut-off levels of 20 fmol/mg cyto-
populations of these cells (mainly in the ducts) additiosglic protein (DCC) and 10% stained tumour cell nuclei (ER-ICA)
ally express certain stratified-epithelial CKs, such #gre used.

In all cases information was available concerning the patient’s
CKs 5, 6, 13, 14, 15/16 and 17 [28, 35, 40]. In contra le, the tumour size (pT) and the presence or absence of nodal

basal/myoepithelial cells almost exclusively express thRtastases (pN), according to the TNM classification [20]. In 51
latter CK type, comprising CKs 5, 6, 14, 15 and 17 [2, dases, we had access to further data relating to the occurrence of

12, 15, 17, 21, 35, 58, 59], these CKs being most prowiptant metastases (M), local recurrence and survival, with the fol-
nent in ductal myoepithelial cells. Myoepithelial cell§W-up interval ranging from 10 to 73 months (mean follow-up, 36
also consistently express vimentin [3, 15] and sometimes

contain glial fibrillary acidic protein (GFAP), anothe':l'ablel Monoclonal antibodiesMAbs used for immunohisto-

type-Ill IF prote_in [];5]- . _ _ chemical detection of cytokeratin polypeptides in infiltrating duc-
Although epithelial tissues tend to retain their charaet breast carcinom:s

teristic CK pattern during malignant transformatiorr,

modulations may occur within a certain range of pos&{£\P Specificity Source References
bilities during the development and progression of cargio CK 4 Euro-Diagnostica, see [28]
nomas [28-30, 34, 45]. Biochemical and immunohisto- Apeldoorn, The Netherlands

chemical studies have shown that breast carcinomas ugi4 CK5 Prof. T.-T. Sun, New York  see [28]
ally retain the simple-epithelium CK pattern of normal University Medical Center,

luminal epithelial cells [2, 21, 30, 31]. However, several New York, USA

investigators have reported the additional presence 6’ CK7  Boehringer Mannheim, see [28]

Mannheim, Germany

CK 8 Becton-Dickinson, see [28]
Heidelberg, Germany

certain stratified-epithelial CKs as well as vimentin iE
; : AMS5.2
some ductal breast cancers, as detected using biochemi-

cal [30, 31] and immunohistochemical procedures [2, 12,7 CK13  Euro-Diagnostica, see [28]
15, 17, 35, 44, 51, 58, 59] Unfortunately, these studies Apeldoorn, The Netherlands
have often yielded conflicting data with respect to thes.12 CK 13, BioMakor, see [28]
distribution of individual CKs. 15, 16 Rehovot, Israel

Several studies dealing with the co-expression of 14-001 CK14  Dr.E.B.Lane, [41]
mentin in infiltrating ductal carcinomas have indicated B”:;’gése'tyufl’g Dundee,
that the presence of this IF protein is correlated wi 17E3  CK17 I;Jro en‘ Heidelber [17]
poor histological differentiation and the loss of stero 3) Gem%an’y 9
hormone receptor_s [9, 14 43, 47]. In the case 'of Chksgr-27 CK 14,17 Dr. P. Leoncini, [10]
only one prospective clinical study concerned with CK- Sclavo Research Center,
14-positive breast carcinomas has given grounds for the Siena, Italy
supposition that a poorer prognosis must be expectedsas.174 CK 18 Prof. W.W. Franke, German see [28]
cases expressing this stratified-epithelial CK [12]. Ca,r('jcelg Research Center,

With an extended panel of CK antibodies applied f0..,  ~ 1q Hpe' elberg, Germany -
frozen tumour samples obtained from a large numberBfo<c, Herdeiharg. G see [28]

. . . . g, Germany

cases, the present study aimed to establish precise £Ko03 ck 20 Progen [33]
profiles of infiltrating ductal carcinomas of the breast Heidelberg, Germany
and to examine whether these findings were correlajets205 CK 20 Progen, [33]
with various clinical and pathological parameters. Partic- Heidelberg, Germany
ular attention was given to the possible importance aie&s20.10 CK20  Progen, [33]
prognostic relevance of the additional expression of - Heidelberg, Germany
stratified-epithelium-type CKs as against the co-expré& Vimentin - Sanbio, see [43]

sion of vimentin. Uden, The Netherlands
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months; median follow-up, 39 months). Most of these 51 patie ults
were treated with partial resection of the breast and after surg %ﬁ

underwent radiotherapy with a total dosis of 50 Gy when the tu- . ) o .
mour size did not exceed 3 cm. In most cases with tumour sizgmour specimens of 101 cases of primary infiltrating
>3 cm a modified radical mastectomy [39] was carried out. Rgyctal breast carcinoma were analysed using immunohis-

gardless of the type of breast surgery, radical axillary node dissggs< ; . satribg ;
fton including level 111 was additionally performed. Sdchemistry to ascertain the distribution of various IF

For immunohistochemistry, frozen sections (thicknesgmy Proteins. Table 2 summarizes the immunostaining results
were dried at room temperature for 12 h before being fixed in aebtained for each CK; a typical example of a G2 carcino-
tone for 10 min at —20°C. Immunohistochemical staining was pena is illustrated in Fig. 1a—c, while the staining patterns

formed using the indirect immunoperoxidase technique, with 33nserved in various G3 carcinomas are shown in
diaminobenzidine-tetrahydrochloride serving as the chromoge

C . .

agent [32, 33]. The specificities and sources of the employ%lgs' 1d-j and Za_m',Nearly all the carcinomas exam-
monoclonal antibodies, together with relevant literature refereibed were strongly stained by MAbs directed against the
es, are listed in Table 1. Frozen sections of each carcinoma vgiraple-epithelial CKs, 8, 18 and 19 (Fig. 1la, e, h;
also examined using H&E staining compared with the routine pgy 2b). The immunostaining for CK 7 varied consider-

affin sections, the aim being to ensure that the frozen tissue bl s ; ;
used was a truly representative sample of the case under cons%i y; indeed, 9 of the 101 cases were entirely negative,

ation. whereas the majority of tumours exhibited heterogene-
The labelling results were classified on the basis of the esids (46 cases) or diffuse staining (34 cases; Fig. 1b). The
mated percentage of positive tumour cells, irrespective of thgesence and level of CK-7 expression were well corre-

staining intensity, and divided into the following catagories: dif- ; - ; ;
fusely positive (>80% positive tumour cells); heterogeneouggiﬂs\'g[_hoGoglt)umourSF( 0.038) and with negative ER

positive (21-80% positive tumour cells); focally positive (6—20 | - o . L
positive tumour cells); negative (0-5% positive tumour cells). Al- An interesting finding was the detection of significant
though completely negative immunoreactions and single cell stditeterogeneous or even diffuse staining for CK 20 in

ing in up to 5% of tumour cells were recorded separately, th i i P i A i
two groups were subsequently merged and regarded as neg‘iﬁlﬁ?ee G3 carcinomas (Fig. i, j). The specificity of this

(see below). Photomicrographs were taken using a Leitz Diap }\1{6'20 staining was confirmed by the use of three differ-
microscope and Agfapan 25 film. ent anti-CK-20 MADs. It is noteworthy that these cases

Data were statistically processed using the SAS-PC pghared some similarity, in that all of them were negative
gramme (version 6.03; SAS, Cary, N.C.). Correlations betwegsy steroid hormone receptors and were composed histo-

different CKs or vimentin expressions were evaluated by analysis, : . )
of variance. Chi-square tests with contingency tables were app %'Ca”y of small rounded, solid anastomosing forma-

to analyse the correlation between the distributions of CKs and ¥2ns of relatively large tumour cells (Fig. 1g). However,
mentin among different groups, as defined by grading, steroid hilvese cases differed from each other in focal expression

mone receptors, local recurrence, distant metastases and patigftiSK 4 or CK 14/17 (see below) in 1 case each.
age. The disease-free interval and overall survival were computed i ; ;
according to the method of Kaplan and Meier [23]. Chi-squ A surprisingly high number of cases were also stained

e X . e o
values were calculated by log-rank statistics [22]PAalue of "By MAbs directed against the stratified-epithelial CKs 5,
<0.001 was taken to indicate a very significant correlation, whileda 13, 13/15/16, 14 and 17, as well as against vimentin.
value ofP<0.05 was considered to reflect a good significant corrghe distribution of these CKs showed considerable varia-
tsrf’onﬂe?dce-ﬁ” tests pere ﬁerfqrmleol using bothta;%hand a >, this appearing to be correlated with the grade of tu-
reshold of immunohistochemical staining positivity. There wer ; o .
no significant differences between the statistical results obtaid@@Ur differentiation. Therefore, the results obtained for
for the two thresholds, suggesting that instances of very focal €@&ch tumour grade are presented separately in Table 2.
expression and the presence of single positive cells (<6%) are ofAs to the group of G1 and G2 carcinomas (together
little biological significance. Therefore we used the 5% cut-offg cases), about one-fifth (12 cases) yielded positive
level for the final evaluations. . ’ :
staining for MAb Ks8.12, which detects CKs 13, 15 and
16. This staining probably reflects the presence of CK 15
and/or CK 16, since CK 13 was less frequently detected

Table 2 Expression of CK

polypeptides and vimentin in g&?{'}‘g{;ﬁggs Grade 1 Grade 2 Grade 3

:jr:gﬁrrgtr:rt]g |§;[J%Itoag|]|g?é§]sr? ggrscgf n2  Positive [%] n Positive  [%] n Positive  [%]

nomas caseBd cases cases
CK 18 5 5 100 25 25 100 18 18 100
CK 19 10 10 100 46 44 96 45 44 98
CK7 10 10 100 46 37 80 45 43 96
CK 20 10 0 0 46 0 0 45 3 7
CK 13 9 1 11 31 2 6 41 0 0
CK 13/15/16 10 4 40 46 8 17 45 15 33
CK 4 10 2 20 46 1 2 45 16 36
CK5 10 1 10 46 4 9 45 8 18

. CK 14 10 0 0 46 1 2 45 9 20

aNumber of cases examined ck 17 10 1 10 46 2 4 45 17 38

b Positive cases as defined by ck 14/17 10 1 10 46 2 4 44 29 50

staining of more than 5% of tu- imentin 10 2 20 46 3 7 45 21 47

mour cells




Fig. 1a—j Breast cancers lacking the expression of stratified-epattern with apparent nuclear and cell polymorphismogv de-
thelial CKs.a—c Immunohistochemical staining of frozen sectionsotes mitosis)e Immunohistochemical staining for CK 19 pro-
of a G2 infiltrating ductal breast carcinoma not otherwise speduces a positive reaction in more than 80% of the tumour cells.
fied (NOS), exhibiting the simple-epithelial CK pattern: there isNo staining of tumour cells for CKs 14/17 is visibie-k CK-20-
diffuse immunohistochemical staining farCK 19 andb CK 7.c¢ positive G3 carcinoma growing in rounded cell clusters as shown
Monoclonal antibody SK2-27, directed against CKs 14 and ii,the H&E stained paraffin sectiog)( showing diffuse immuno-
clearly stains the basal myoepithelial layer of a normal duct; holistochemical staining not only for CK 1B)(but also for CK 20,
ever, there is no staining of tumour cetlsf G3 breast carcinoma as recognized by MAbs IT-Ks20.9 @nd IT-Ks20.3j). a—¢ f, g,

NOS showing the CK pattern of the simple-epithelium phenotype180;dx280;ex120,hx110,jx22E

d H&E staining (paraffin-embedded tissue): note the solid growth



PgR
Neg.12
Pos. 3
Neg. 7
Neg. 4
Pos. 1
Neg. 11

ER
Neg. 12
Pos. 5
Neg. 7
Pos. 1
Neg. 7
Neg. 12

Vimentin
-15
+2
-8
-1
++5
+3
++8
++42

CK20
-15
++1
+++1
++1
-7
-13

CK19

++1
+++15
+++8
+++7

+++13

+1

CK7
+1
++10
+++4
++3
+++5
++2
+++5
++6
+++6

CK14/17
+1
+2
++5
+1
++7
+++5

-16

=17
+1
++6
-3
+2
++6
+++2

+3

CK14 CK17
=17

-4

++5
+++1

-14
+1
++2

-16
-11

CK5 CK13* CK13/15/16
-17
++2
-7
+3
++3

CK4
=17
++4
+1
++6
=12
+1

n
17
7
13

Subtype
subtype
CK-4/17
subtype
CK-14/17
subtype

pression of the stratified-epithelial CKs 4, 14 and 17 [- negative (including single pisjPgRprogesterone receptor]
CK-4

tive cells up to 5%), + 6—20% positive cells (focal staining), ++ 21-80% positive c-ils

phenotype
Bimodal
phenotype

Simple

Table 3 Typing of grade G3 infiltrating ductal breast carcinomas according to their éheterogeneous staining), +++ >80% positive cells (diffuse stairiiRjpestrogen recep-
epithelium

aNot tested in all cases.

Type
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alone by a specific MAb. The majority of G1 and G2 tu-
mours were negative for CKs 4, 5, 14 and 17 (Fig. 1c).
Only 6 of the 56 cases revealed mostly focal or heteroge-
neous staining for one or more of CKs 4, 14, and 17. An-
other 4 cases showed focal or heterogeneous staining
with the antibody against CK 5. Focal or heterogeneous
co-expression of vimentin was detectable in 5 cases only.
Most of the G1 and G2 carcinomas yielded positive find-
ings for both ERs (86%) and PRs (73%).

Interestingly, among the 45 G3 carcinomas examined,
the additional expression of stratified-epithelial CKs was
much more frequently observed: 16 of these carcinomas
were heterogeneously positive for CK 4 (Fig. 2c, e),
while 9 showed prevailingly heterogeneous staining for
CK 14 (Fig. 2f, I). Also, 15 cases were mostly heteroge-
neously, and 2 cases, diffusely immunostained by anti-
body E3 directed against CK 17 (Fig. 2g, k); a similar
staining pattern was produced by antibody SK2-27,
which also recognizes CK 14 (Fig. 2j). The type-Il part-
ner of this last CK, i. e. CK 5, was found in 8 of the
cases, while immunostaining for CK 13/15/16 was ob-
served at higher frequency, i.e. in 15 cases. Co-expres-
sion of vimentin - often heterogeneously and sometimes
diffusely immunostained - was seen in nearly half the G3
carcinomas, i.e. 21 cases (Fig. 2h, m).

Two major phenotypes of ductal breast carcinomas
were distinguishable on the basis of the following stain-
ing patterns, in particular by the presence or absence of
the stratified-epithelial CKs 4, 14 and/or 17. These CKs
were rarely detected in G1 and G2 carcinomas (6/56
cases). However, they were much more frequently ex-
pressed in G3 carcinomas (27/45 cases). Therefore, our
further analyses of these phenotypes first concentrate on
G3 carcinomas. We defined the phenotypes as follows
(Table 3):

Simple-epithelium phenotyp&hese G3 carcinomas
(17 out of 45 cases; 38%) were found to express the sim-
ple-epithelial CKs 7 (variably), 8, 18 and (mostly) 19
(Fig. 1d-f), but lacked significant (above the 5% thresh-
old) expression of CKs 4, 14 and 17 (the reactivity with
MADb Ks8.12 being ignored for the present purposes).
Only 2 cases exhibited the focal co-expression of vimen-
tin. Two cases expressed CK 20 (see above). The majori-
ty of these G3 cases were receptor negative, but with 5
cases exhibiting ERs and 3 cases showing PRs. [Among
G1 and G2 carcinomas, 50/56 cases (89%) could be as-
signed to the simple-epithelium phenotype.]

Bimodal phenotypeThese tumours expressed both
the simple-epithelial CKs along with one or more of the
stratified-epithelial CKs 4, 14 and 17. This phenotype
accounted for 28 of the 45 G3 carcinomas examined
(62%), and it was possible to subdivide this group into
three subtypes. ThEK-4 subtypg8 cases) was charac-
terized by the focal or heterogeneous expression of CK
4, with CKs 14 and 17 being essentially absent
(Fig. 2a—c); 1 case expressed CK 20 (see above). Vimen-
tin was undetectable, while most of these cases were de-
void of hormone receptors. Th€K-4/17 subtype(7
cases) exhibited pronounced expression of CKs 4 and 17,
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Fig. 2a—m G3 breast cancers showing expression of stratifietive tumour cellsf() there is a strong reaction in more than 60% of
epithelial CKs (bimodal phenotypea—c G3 breast carcinoma the tumour cells for CK 17g§. h There are small tumour cell clus-
NOS corresponding to the CK-4 subtypeH&E staining reveals ters positive for vimentin; also note the staining of the surrounding
irregular, solid trabecular growth with marked nuclear and celiromal cellsi-m G3 breast carcinoma NOS of the CK-14/17 sub-
polymorphism and pathologic mitotic figurearow). b There is type:i H&E staining reveals an irregular solid growth pattern with
diffuse immunohistochemical staining of all tumour cells for CKocal changes suggestive of squamous metaplasia de@w-

19. c Detection of CK-4 staining of variable intensity in approxihead3, marked pleomorphism and focal necrosis. There is re-
mately 40% of tumour cellgl-h G3 breast carcinomas NOS fall-markably diffuse immunohistochemical staining for CK 14/f)7 (
ing into the CK-4/17 subtypet H&E staining shows a trabecularand CK 14 alonel), while the staining for CK 17 aloné)( re-
growth pattern and stromal desmoplasia; note the marked palgals a somewhat more heterogeneous patterithere are nu-
morphism and numerous mitosesréws). e Immunohistochemi- merous vimentin-positive tumour cellar(ows) next to strongly

cal staining for CK 4 with faint colouring of about 60% of the tupositive stromal cellsax280; ¢, d, g—i, k—-mx180; ex200; b, f,
mour cells.f, g While there are just a few scattered CK-14-posjx11C
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while CK 14 was either totally absent or was merely enl®
countered in a few scattered individual cells (Fig. 2d—h).s|.
Nearly all of these cases co-expressed vimentin, and.2,|
cases were positive for CK 5. TA¥K-14/17 subtyp¢l3 < .
cases) was defined on the basis of the expression of @K’
14 and/or CK 17 (usually both) along with the absen@®|
of CK 4 (Fig. 2i—m); all cases again expressed vimentié,so
while many also expressed CK 5. The vast majority @fa|
the G3 carcinomas of this bimodal phenotype were eg-,
tirely devoid of steroid receptors. [In G1 and G2 carcing N
mas, the bimodal phenotype was noted in only 6 out ?f Jog rank = 0.0610

the 56 cases studied (11%).] 0}

In order to ascertain whether the expression of strati-o L= - - - - e
fied-epithelial CKs in ductal breast carcinomas might be Disease-free survival [months]
of prognostic significance, statistical analyses were per-
formed. Employing chi-square testing, the recorded ex-
pression pattems of CKs 4 and 17, and of vimentin, Werie 3 Disease-free survival rates concerning the expression of the
each very well correlated Wlth a poor degree (G3) of dsﬁt?cjatified-epithelial CKs 4, 14 and/or 17 (bi?nodal pphenotype) in
ferentiation (allP<0.001), with a particularly good corrés; ynselected patients with infiltrating ductal breast carcinomas
lation being observed for CK 14£0.002). Similarly, NOS.aNo. of censored casas
there was a close correlation between each of these four
IF proteins and a negative status for ERs Rai0.001).

As expected, the absence of steroid hormone recepfol®w-up interval of 73 months, compared with 81.3% of

was highly correlated with a low level of histological difthe patients with simple-epithelium-type tumours. Similar

ferentiation (ER and PRP<0.001). No statistically de-trends were found in the expression of vimentin. Both
monstrable correlations with grading were observed fdisease-free interval and overall survival rate were more
CK 5 or for CK 13/15/16. In addition, the expression d&vourable in vimentin-negative cases (65.4% and 80.8%,
each of CKs 14 and 17 was well correlated with vimerespectively) than in vimentin-positive tumours (54.4%

tin co-expression. and 68.4%).

To recognize statistical correlations both between theTo test whether the expression of CKs 4, 14 and/ or
presence of CKs 4, 14 and 17 (as a group) and oth@rmight be able to provide useful prognostic informa-
prognostic variables and for follow-up studies, the ttion independent of established prognostic parameters,
mour group that exhibited the bimodal phenotype wa& applied Kaplan-Meier analysis to subgroups in which
compared with the group showing the simple-epitheliutine findings were homogeneous for the prognostic fac-
phenotype. Chi-square testing revealed no correlation tws (tumour grading, steroid hormone-receptor status,
tween patient age, local recurrence, tumour size or nodatle status and vimentin expression). For the prognos-
status and the expression of CKs 4, 14 or 17, althougtically favourable subgroups (grades G1/G2, ER positive,
tendency emerged suggesting the more pronounced rede negative), there were no significant differences be-
pression of CKs 4 and 17 (but not CK 14) in larger ttween cases with negative and positive findings for strati-
mours (>pT1). While the bimodal phenotype appearedfied-epithelial CKs; however, it should be pointed out
be more frequent in cases with distant metastases, th&t these subgroups were rather small and probably not
finding failed to attain statistical significance. Howeverepresentative. In contrast, in the subgroup of vimentin-
hormone-receptor negativity was closely correlated witlegative cases, patients with bimodal-type tumours ex-
stratified-epithelial-CK positivity, i.e., the bimodal phehibited a less favourable tendency with respect to overall
notype (ERP<0.001; PRP=0.008). survival (60.0% versus 84.6% for simple-epithelium-

The 51 cases for whom follow-up data were availakiigpe tumours; not significant) and shorter disease-free
were correlated with the pathological and immunohistiotervals, this last finding almost attaining statistical sig-
chemical data obtained. Kaplan-Meier analyses demonstréficance (log rank=0.062). For patient subgroups with
ed that patients with low-grade (G1) and ER-positive caraR unfavourable prognosis (G3, ER negative, node posi-
nomas had longer disease-free intervals and more favaire), less favourable disease-free and overall survival
able overall survival rates than tumours of higher gradeses emerged for bimodal-type tumours (not significant
(G2 and G3) or ER-negative tumours; however, the findinigs G3 and ER negative). Very notably, however, statisti-
for these 51 cases did not attain statistical significance. cal significance (log rank=0.0096) was obtained for

The disease-free interval was found to be shorter in beéde-positive tumours (Fig. 4): the disease-free interval
modal cases, although this correlation again did not reads found to be significantly shorter in patients with bi-
the level of statistical significance (log rank=0.06Imodal-type tumours than in those with simple-epitheli-
Fig. 3). A similar, albeit weaker, tendency emerged withm-type tumours lacking these CK proteins.
respect to the overall survival rate, with 66.9% of patients
with bimodal-type tumours being alive at the end of the

[==-e - simple-epithelium phenotype ~ —————— bimodal phenotype |

3 Number of censored cases
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CK [24, 29, 33]. What would appear, at first glance, to
be an exceptionally high proportion (19%) of a group of
breast carcinomas being reported as CK-20 positive by
Wang et al. [56] was due to their positive assessment of
tumours containing scattered cells that exhibited often
granular, equivocal CK-20 staining. In our series, a very
small subset of G3 carcinomas (3 cases) exhibited wide-
spread immunostaining that could be attributed unequiv-
ocally to the presence of CK 20. Despite certain similari-
-] ties, these cases were heterogeneous with respect to the
log rank = 0.0096 | focal presence of CK 4 and CK 14/17 (detected in 1 case
-{ each). Thus, it would be premature as yet to propose that
e such tumours might comprise a distinct subtype of breast
10 20 30 40 50 60 70 .
Disease-free survival [months) carcinomas.
In early biochemical studies, we reported that a minor
subgroup of ductal breast carcinomas contain small

amounts of stratified-epithelial CKs, including the basal-

Fig. 4 Disease-free survival rates concerning the expression of _ .
stratified-epithelial CKs 4, 14 and/or 17 (bimodal phenotype) inﬁaaaI type CK 14 and CK 17 [30, 31]. In subsequent im

subgroup of 31 patients with infiltrating ductal breast carcinomgaunohistochemical studies, including the present one,
NOS with nodal metastasedlo. of censored cas:s these findings have been confirmed and extended to the

cellular level. The most widespread stratified-epithelial
CK reactivity is elicited by MAb Ks8.12, producing fo-
Discussion cal staining in 27% of our tumour cases, a result that is
in close agreement with published data [40, 54, 59], al-
For almost two decades, the expression of CKs in brethstugh in another study the majority of cases was posi-
carcinomas has been the subject of intensive researchied- [44]. The staining specificities of MAb Ks8.12 ap-
forts. Even early studies yielded findings — whose esseear to differ considerably from those of the MAbs
tial validity has been confirmed in the present study — iagainst the other stratified-epithelial CKs, since Ks8.12
dicating that the simple-epithelial components, CK Bositivity is seen in a considerable subset of normal lu-
CK 18, CK 19 and, more variably, CK 7, are prevalentiyinal epithelial cells but not in myoepithelial cells and,
expressed in such tumours [2, 21, 30, 31, 35-37, 42, 4d]breast carcinomas, does not show a strong preference
thereby suggesting that the luminal-cell phenotype ft&@ G3 tumours (Table 2; cf. [44]). CK 16, one likely an-
predominant. Normal luminal cells, though, do exhibiigen recognized by MAb Ks8.12 in normal and malig-
diffuse and intense CK-7 expression [2, 28, 42]. In agant breast tissue (see “Results”), is known to be a mark-
cordance with the present findings, Nathrath and Laseof hyperproliferation in stratified squamous epithelia
[36, 37] have reported a positive correlation between {3F]. In breast carcinomas, however, the low degree of
level of CK-7 expression and both an elevated degreecohcurrence between the distribution of CK 16 or CK
malignancy and the absence of ER; these investigattB#15/16 and that of the proliferation marker, Ki 67, is
also found the recurrence rate to be higher for stronglyteworthy [59].
CK-7-positive breast cancers than for tumours exhibiting The present finding of the preferential occurrence of
little or no staining for this CK. Recent reports have sufpcal CK-5 expression in high-grade breast carcinomas is
gested that the mere presence, or a high intensity, of anvariance with the proposal of Trask et al. [53], based on
munostaining for the simple-epithelial components, C¢ell-culture studies, that CK 5 is a marker of normal, as
8 [50] and CK 18 [46], might be a favourable prognostipposed to malignant, breast epithelium. There is prelimi-
parameter. Such findings of the heterogeneous expiesry evidence that CK 6, which is related to CK 5, is also
sion of these primary simple-epithelial CKs — whicbxpressed predominantly in high-grade breast cancers (U.
stand in striking contrast to the mostly homogeneous difesse, R.B. Nagle, and R. Moll, unpublished results).
fuse staining (thus precluding their use for prognostic as-The stratified-epithelial CK whose expression has
sessment) observed by ourselves and many other invégien most frequently reported in a subgroup of breast
gators - may in fact be attributable to the different tectarcinomas is CK 14. Our detection of CK 14 in 10% of
nigues applied (fixation, antibodies, staining methothe cases examined is comparable with a number of pre-
and/or the occurrence of epitope masking. Another sigieusly published results [2, 12, 15, 21, 35, 58, 59]; some
ple-epithelial component, CK 20, was found to be absémiestigators, though, have reported the incidence of this
in most breast carcinomas, which is in agreement w@i in such tumours to be either much lower [36, 37, 54]
the results of earlier studies ([24, 33]; see [29] for further much higher [44], this divergence possibly being due
references); indeed, the lack of this CK is consideredttothe application of different CK-14 antibodies and/or
be a criterion for ruling out the possibility that a tumowtaining methods. While Su et al. [49] were able to detect
under investigation might be a metastatic adenocarci@k-14 mRNA in 3 of a group of 12 breast carcinomas,
ma, as such tumours often express this gastrointesti@&l14 protein proved to be present in only 2 of these tu-
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mours, pointing to the occurrence of certain disturbancesin the present study, the bimodal phenotype was
in expression regulation. The incidence of CK 17, whidbund to be significantly correlated with a high grade of
was detected in 21% of the cases examined in the presegilignancy, the absence of steroid hormone receptors,
study (for a similar value, see [44]), therefore appearsaiod vimentin co-expression. These results suggest that
be higher than that of CK 14; in other studies, CK 17 whreast carcinomas of the bimodal phenotype may have a
found to be present in about one-third of the cases investore aggressive biological course. Published studies
gated [17, 59]. Another stratified-epithelial componestipporting such a concept are by no means abundant.
that is mainly, but not exclusively, expressed in (noBairkee et al. [12] have suggested that CK-14-positive
cornifying) stratified squamous epithelia, CK 4, has yetlbweast carcinomas may have an unfavourable prognosis,
be detected in normal breast epithelium. Neo-expresswinile more recently Santini et al. [44] have defined a
of this CK was detectable in one-fifth of our cases, an igroup of high-grade invasive breast carcinomas (“group
cidence comparable to that reported by Heatley et 2l comparable to the carcinomas of the bimodal pheno-
[18]; in contrast, other investigators have found CK-4 etype delineated in the present study (although they were
pression to be a rare occurrence [37] or have failed to deable to detect CK 4 in their group). Santini et al. [44]
tect this CK in any of their series of breast tumours [44]also observed a positive correlation between this high-
The biological significance of the expression of thgrade tumour “group 3" and an elevated proliferation in-
stratified-epithelial components, CK 4, CK 14, and CHex (Ki-67 score), a factor that is of immediate relevance
17 (bimodal phenotype), in (for the most part) poorfpr the biological behaviour of tumours; unfortunately,
differentiated breast carcinomas remains an enigma. @negnostic data were not included within the scope of
hypothesis is that CK-14 and CK-17 expression migtieir investigation. In another recent study of invasive
indicate derivation from, or differentiation toward, myobreast carcinomas, Takei et al. [51] observed that the in-
epithelial cells. In fact, the expression of a-smooth-musgdence (21%) of “high-molecular-weight-CK” positivity
cle actin has been reported in breast cancer cells [@4% defined by MAb 34BE12) was positively correlated
48], its presence being detected by Santini et al. [44] iw#h the grade of malignancy and inversely correlated
considerable proportion of cases, most of which werewith ER status; however, these factors were not shown to
nuclear grade 3. However, in several other studies [7, h&ye any significant influence on overall and relapse-free
27, 55], both this actin isoform and another myoepithsdrvival. Other investigators have reported much higher
lial marker, GFAP, have essentially eluded detection lavels of 34BE12 staining in breast carcinomas [5, 16,
the tumour cells of breast carcinomas. Furthermore, 48] than those observed in the aforementioned study
like tumours of the bimodal phenotype, normal myoegdb1]. As the precise CK reactivity of this MAb remains
thelial cells do not co-express simple-epithelial CKs. Aoncertain, it is, at this point, hardly worthwhile attempt-
other explanation that has been suggested is that bremstto compare the results of such studies employing
carcinomas expressing stratified-epithelial CKs acquirévBAb 34BE12 with those of either the present study or of
more general basal-cell phenotype, characterized by émether study involving a different MAb directed against
synthesis of certain basement-membrane proteins [Bjh-molecular-weight CKs, which stained most of the
59]. A further possibility is that carcinomas of the bimdruman breast carcinomas investigated [27].
dal phenotype develop certain differentiation features of A larger body of prognostic data is available on the
a particular, minor, “bimodal” luminal cell type that ico-expression of vimentin in breast carcinomas. These
characterized by the expression of CK 14 and CK 17 (fodicate that this factor is correlated with a high grade of
references, see the “Introduction”), although this wouldalignancy, negative ER status, a high growth fraction,
not necessarily indicate their derivation from such cellnd a poor overall survival rate [9, 14, 26, 43] (present
Bdcker et al. [7] have suggested that a population of Clitdings), although a recent broad-based (albeit retro-
5/14-positive normal luminal cells are “post-stem cellgpective) study has concluded that vimentin expression is
and have reported the presence of tumour cells exhibititself not genuinely correlated with a poor prognosis
ing similar CK expression patterns in a small proporti¢ga7]. In the present study, we were further able to dem-
of ductal in situ carcinomas. It remains unclear whethamstrate a close correlation between the co-expression of
infiltrating carcinomas of the bimodal phenotype are inimentin and the expression patterns of CK 14 and CK
some way related to such cells. The expression of strafi; while no such correlation emerged for CK 4. Where-
fied-epithelial CKs in certain breast carcinomas may alas the CK-4 subtype therefore appears to differ in some
point to rudimentary squamous metaplastic processespects from the other subtypes of the bimodal pheno-
but then again, fully developed squamous metaplasiayige, we did find the expression of this CK also to be
rare in cases of breast cancer. From a more general poimtelated with classical prognostic parameters (grading,
of view, the correlation of the more complex bimodal CER status), a result not previously reported in studies by
phenotype with a poor degree of differentiation may rether investigators [18, 37].
flect those principles underlying the increased CK com- With respect to the prognostic relevance of new vari-
plexity observed in other types of carcinomas in tlables such as CK expression, clearer insights are obtain-
event of a decrease in the level of differentiation [28ble by applying Kaplan-Meier analyses than can be
29]. Such complex neo-expression may stem from the achieved by attempting mutual correlations of different
activation of repressive regulatory factors [25]. prognostic variables. To our knowledge, this is the first
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study dealing with CK expression in breast carcinomas Bloom HJG, Richardson WW (1957) Histological grading and
in which Kaplan-Meier analyses have been performed. Prognosis in bfe?sltl cancer AlgtUdy of 1B40§’ cases Ofggg'gh
These analyses revealed a less favourable disease cour ave been followed for 15 years. br J Lancer 9.559-

for tumours with the bimodal phenotype than for those. Bscker W, Bier B, Freytag G, Brommelkamp B, Jarasch ED,
with the simple-epithelium phenotype. Moreover, when Edel G, Dockhorn-Dworniczak B, Schmid KW (1992) An im-
we ana|ysed Subgroups defined by other prognostic pa_munohistochemical study of the breast using antibodies to bas-
: - f _ | and luminal keratins, alpha-smooth muscle actin, vimentin,
_rameters, dlfference_s were revealed in the disease-fre ollagen IV and laminin. Part II: epitheliosis and ductal carci-
interval for prognostically unfavourable subgroups, and noma in situ. Virchows Arch [A] 421:323-330
these proved to be of marked statistical significance (I Burke HB, Hutter RVP, Henson DE (1995) Breast carcinoma.
rank=0.0096) for the subgroup of lymph-node-positive In: Hermanek P, Gospodarowicz MK, Henson DE, Hutter

; ; ; ihili RVP, Sobin LH (eds) Prognostic factors in cancer. Springer,
patients (Fig. 4). This opens up the possibility of further Berlin Heidelberg New York, pp 165-176

subtyping those breast carcinomas whose primary prog-cagoretti G, Andreola S, Clemente C, D’Amato L, Rilke F
nostic indicators suggest a less favourable course. (1988) Vimentin and p53 expression on epidermal growth fac-

We have shown that, along with CK 14 which has al- tor receptor-positive, oestrogen receptor-negative breast carci-
ready been suspected of having prognostic value [12] thehomas. Br J Cancer 57:353-357

. . Cintorino M, Bugnoli M, Petracca R, Leoncini P (1988) Cyto-
occurrence of CK 4 and CK 17 is not only correlat keratin in normal and pathological bladder urothelium: Immu-

with some of the major prognostic variables in breast nohistochemical investigation using monoclonal antibodies. J

carcinoma but also seems to have an unfavourable influ-Urol 139:428-432 -

ence on both disease-free and overall survival rates, Jésﬁooper_tla. lsche:jmtﬁr A, SunI T-T (1985) ClaSSIfllcatloln OI_QU(;
H H H _ri : man epithella an elr neoplasms using monocional antiboa-

pecially in high .“Sk patients. As to whether one or MOT€ o< to keratins: strategies, applications, and limitations. Lab In-

of the polypeptides, CK 4, CK 14, and CK 17, might est 52:243-256

have any prognostic relevance for the nodal status, N®,Dairkee SH, Ljung BM, Smith H, Hackett A (1987) Immuno-

or whether these molecules might be able to serve as inocalisation of a human basal epithelium-specific keratin in be-

dependent prognostic parameters, still remains to be eIu-’l‘grl‘lag% malignant breast disease. Breast Cancer Res Treat

cidated. Future multivariate analyses, invo_Iving Iarggg_ Demirkesen C, Hoede N, Moll R (1995) Epithelial markers
numbers of cases and then prospective clinical studiesand differentiation in adnexal neoplasms of the skin: an immu-

will be needed before such questions can be satisfactori-nohistochemical study including individual cytokeratins. J Cu-
ly answered. The recent possibility of using advancgéj tan Pathol 22:518-535

. . . . : Domagala W, Lasota J, Dukowicz A, Markiewski M, Striker
immunohistochemical techniques such as microwave G, Weber K, Osborn M (1990) Vimentin expression appears to

hancement [cf. 13, 47, 56] to detect most CKs in forma- pe associated with poor prognosis in node-negative ductal
lin-fixed, paraffin-embedded “routine” tissue should NOS breast carcinomas. Am J Pathol 137:1299-1304
greatly facilitate the performance of such studies. 15. Gould VE, Koukoulis GK, Jansson DS, Nagle RB, Franke
WW, Moll R (1990) Coexpression patterns of vimentin and
glial filament protein with cytokeratins in the normal, hyper-
plastic and neoplastic breast. Am J Pathol 137:1143-1155
Gown AM, Vogel AM (1985) Monoclonal antibodies to hu-
man intermediate filament proteins. 1ll. Analysis of tumors.
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