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Using a panel of 21 monoclonal and 2 polyclonal
keratin antibodies, capable of detecting separately
11 subtypes of their epithelial intermediate filament
proteins at the single cell level we investigated ker-
atin expression in 16 squamous cell carcinomas, 9
adenocarcinomas, and 3 adenosquamous carcino-
mas of the human uterine cervix. The keratin pheno-
type of the keratinizing squamous cell carcinoma
was found to be most complex comprising keratins
4, 5, 6, 8, 13, 14, 16, 17, 18, 19, and usually keratin
10. The nonkeratinizing variety of the squamous cell
carcinoma expressed keratins 6, 14, 17, and 19 in all
cases, usually 4, 5, 7, 8, and 18, and sometimes ker-
atins 10, 13, and 16 Adenocarcinomas displayed a
less complex keratin expression pattern comprising
keratins 7, 8, 17, 18, and 19, while keratin 14 was
often present and keratins 4,5, 10, and 13 were spo-
radically found in individual cells in a few cases.
These keratin phenotypes may be useful in differen-
tial diagnostic considerations when distinguishing
between keratinizing and nonkeratinizing carcino-
mas (using keratin 10, 13, and 16 antibodies), and
also in the distinction between nonkeratinizing car-
cinomas and poorly differentiated adenocarcino-
mas; which do not express keratins 5 and 6 Keratin
17 may also be useful in distinguishing carcinomas
of the cervix from those of the colon and also from
mesotheliomas. Furthermore the presence of keratin
17 in a CINI, II, orIII lesion may indicateprogressive
potential while its absence could be indicative of a
regressive behavior. Because most carcinomas ecx-

press keratins 8, 14, 17, 18, and 19, we propose that
this expression pattern reflects the origin of cervical
cancer from a common progenitor cell i e., the en-
docervical reserve cell that has been shoum to express
keratins5, 8, 14, 17, 18, and 19. (Am JPathol 1992,
141:497-511)

Based on biochemical1 and immunochemical studies25
a considerable volume of information has been derived
concerning keratin expression in the normal uterine cer-
vix, in cervical intraepithelial neoplasia (CIN), and in cer-
vical cancer. Not only have the prevalent keratins in each
of these types of epithelium been characterized by gel
electrophoresis, but the intraepithelial distribution pattern
of many of these keratins has also been clarified immu-
nohistochemically using polypeptide specific keratin an-
tibodies.36 The distribution of the keratins in the cervix
can be summarized as follows (Figure 1).

Ectocervical epithelium (Figure 1a) has been shown
to contain type keratins 13, 14, 15, 16, and 19 with the
sporadic expression of keratins 10, 1 1, and 17 and also
type 11 keratins 4, 5, 6, and 8 with sporadic expression of
keratins 1 and 2.1-3

Endocervical columnar cells (Figure 1 b) contain ker-
atins 7, 8, 18, and 191-3 and variable amounts of keratin
4.3 In the direct vicinity of reserve cells, small amounts of
keratins 5, 14, and 174 have sometimes been observed.

Endocervical reserve cells (Figure 1 b) have been
shown to contain keratins 5, 8, 14, 17, 18, and 19.34

Immature squamous metaplastic epithelium (Figure
1 c) expresses keratins in relation to the level of its matu-
ration. In the immature forms, which are hardly distin-
guishable from reserve cell hyperplasia, considerable
amounts of keratins 5, 8, 17, and 18 are found. In the
somewhat more mature forms of immature squamous
metaplasia, these simple keratins are expressed to a
lesser extent and the expression of keratins 4, 13, and 14
appears. Keratin 19 is found throughout the full thickness
of this type of epithelium.3'46

Supported by the Netherlands Cancer Foundation.
Accepted for publication February 7, 1992.
Address reprnt requests to Dr. F. Smedts, Department of Pathology,

Diagnostisch Centrum SSDZ, Reinier de Graafweg 7, 2526 AD Delft, The
Netherlands.

497



498 Smedts et al
AJP August 1992, Vol. 141, No. 2

A.s _ctoervpicthctbdiuw

aI d ren,c Iilk

r7z-1

C: i- mtul e aqam

a-

_-~ -~

4, 4

4~

(5),

(4), (5) 7,

5,

4, 5, (8),

4,

4,

5, (B)~

I
I

4,

4~ (5),

4, S. (9)

4, 5,

4, S, (8)

F: -N

4, 5,

4, 5, (7),

Figure 1. Schematic overview of the keratin
the various epithelia of the human uterine ce
and pathologic conditions. The keratins J

epithelial layers are represented by numbers
in brackets indicate that the keratin in que
some cells and expression is usually weak.
atin indicated is found in the majority of,
moderate to intense.

Mature squamous metaplasic epi
expresses keratins in much the same
ectocervical nonkeratinizing squamoL
tins 5, 17, and 194 are invariably foun

of this epithelium. Keratin 14 is found in the basal, para-
(10) 13 basal, and intermediate epithelial layer with its intensity of

expression gradually diminishing towards the surface of
(10N13 (14) the epithelium. In contrast, keratin 4 is detectable only

13, 1 7 sporadically in parabasal cells, with expression increas-
ing in the intermediate and superficial epithelial layers.
Keratin 13 is found throughout the full epithelial thick-
ness except in the basal epithelial layer, which is usually
not stained. Keratins 8 and 18 are sporadically detect-

4 (14) (17) 1 19 able in basal cells.3 There have been a few reports
,1 7, 18, 19 on keratin expression in CIN (Figure le), CIN 11 (Fig-

ure if), and CIN Ill (Figure 1g).3,4 The pattern of keratin
expression in these lesions is reminiscent of keratin ex-
pression in reserve cells and in immature squamous
metaplastic epithelium. In CIN and CIN 11, keratins 4, 5,

(13), 14, 17, 1e 19 13, 14, and 19 are usually found, although with some-
what erratic expression patterns. Keratins 8, 10, 17, and
18 are incidentally found, usually in the basal part of CIN
and CIN 11 lesions. In CIN Ill lesions a considerable

change has taken place in keratin expression in compar-
(10) ison to CIN and CIN 11 lesions. The keratins 5, 8,14,17,
(10), 13, 14 18, and 19 found in reserve cells, are only irregularly

present with variable staining intensity in many of the CIN
(10) 13, 14 III lesions. Keratins 4 and 13 are also found in CIN Ill

14, 17, (1), 19 although expression is usually less than in CIN and 11
lesions.

In the past, we have hypothesized that CIN Ill lesions
13, 14, 19 showing the keratin profile of reserve cells, may be le-
13, 14, 19 sions that will progress into cervical cancer. We have also
13, 14. (17), (1n 19 suggested that adenocarcinomas may originate from

CIN Ill lesions. These suppositions are based partly on
gel electrophoresis studies that showed nonkeratinizing
squamous cell carcinomas to contain keratins 5, 6, 7, 8,
13, 14, 15, 17,18, and 19. Keratinizing carcinomas dis-

13, 14, 19 played a less complex keratin expression pattern, lack-
13,14,1, (17) (18) 19 ing keratins 7, 8, and 18. Adenocarcinomas were found

to contain keratins 7, 8,18, and 19 and sometimes 17.1 2
There are only a few studies in which cervical carcinomas
have been investigated using specific keratin antibod-
ies.7'8 In these studies, squamous cell carcinomas were

13, 1, 17, 19 shown to invariably express keratins 8, 14, 18, and 19
8 (10) 13, 14, 17, 18 19 and sometimes keratins 4, 10, and 13. In adenocarcino-

mas, keratins 8, 18, and 19 were found and in some
cases also keratin 4.

expression patterns in Using a large panel of monoclonal antibodies, allow-
rvix underphysiologic ing the separate detection of keratins 1, 4, 5, 6, 7, 8, 10,
sound in the dtfferent 13, 14, 16, 17, 18, and 19 at the single cell level, weon the right. Numbers
stion is only found in investigated the expression of these keratins in a large
In oter cases the ker- number of squamous cell carcinomas and adenocarci-

nomas of the cervix. The data support previous specu-
lation regarding the relationship between reserve cells,

ithelium (Figure 1 d) immature squamous metaplasia, and CIN lesions on the
way as observed in one hand and cervical cancer on the other hand. Further-
is epithelium. Kera- more specific keratin expression patterns may be indica-
id in the basal layer tors of the propensity of lesions to regress or to progress.
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Materials and Methods

Tissues

The tissue specimens used in this study were taken from
hysterectomies or biopsies performed because of car-

cinomas of the uterine cervix. The ages of the patients
varied between 30 and 65 years. The tissues were

brought to the pathology department immediately after
removal. Small representative samples from the tumor
were removed and snapfrozen in liquid nitrogen or liquid
nitrogen-cooled isopentane and stored in liquid nitrogen.
The rest of the specimen was routinely fixed in formalin
and further processed through paraffin for light micro-
scopic diagnosis. In total, 28 specimens representing 16
squamous cell carcinomas, 9 adenocarcinomas, and 3
adenosquamous carcinomas of the cervix were ana-

lyzed.
The tumors were classified according to the World

Health Organization (WHO) classification.9 Squamous
cell carcinomas were subdivided into 5 cases of kerati-
nizing and 11 cases of nonkeratinizing squamous cell
carcinomas. Also neoplasms with a glandular compo-
nent were classified according to the WHO classifica-
tion.9 Five carcinomas were of the endocervical type,
they could be subdivided into three moderately and two
poorly differentiated carcinomas. Four endometrioid ade-
nocarcinomas were diagnosed, of which one was well
differentiated, two moderately and one poorly differenti-
ated. Furthermore our series included three adenosqua-
mous carcinomas. In all cases, the slides were diag-
nosed independently by three pathologists.

Twenty-three monoclonal keratin antibodies were used in
this study. Their characteristics are summarized in
Table 1 3,4,10-24

Immunohistochemistry

Cryostat sections were fixed in acetone at room temper-
ature for 10 minutes and air-dried. The slides were incu-
bated with the appropriately diluted or undiluted primary
antibody for 60 minutes at room temperature. After three
subsequent washing steps with phosphate buffered sa-

line (PBS), the peroxidase-conjugated rabbit-anti-mouse
or swine-anti-rabbit serum (Dakopatts, Glostrup, Den-
mark) was applied to the sections for 30 minutes at room
temperature. After a second series of washing steps with
PBS, peroxidase activity was detected with 4-amino-9-
ethylcarbazole (AEC; Aldrich Chemical Comp., St. Louis,
MO) as described.3 The slides were counterstained with
Harris' hematoxylin and mounted with Kaisers glycerin-
gelatin (Boom BV, Meppel, The Netherlands).

Results

General Considerations Concerning
Immunohistochemistry

Before describing the staining patterns of the individual
antibodies some general statements must be made. Al-

Table 1. Overview of the Antibodies Used in This Study
Keratin(s)

Antibody Ig subtype recognized Species Ref Source

AF87 polyclonal 1 Rabbit 10 D. Roop, Bethesda, MD
6B10 IgGl 4 Mouse 11 G. van Muijen, Nijmegen, NL
AE14 5 Mouse 12 T. T. Sun, New York, NY
RCK102 IgGl 5 and 8 Mouse 13 F. Ramaekers, Maastricht, NL
KA12 5 and 6 Mouse 14 R. Nagle, Tuscon, AZ
AF124 polyclonal 6 Rabbit 10 D. Roop, Bethesda, MD
RCK105 IgGl 7 Mouse 13 F. Ramaekers, Maastricht, NL
M20 IgGl 8 Mouse 15 G. van Muyen, Nijmegen, NL
CAM52 IgG2a 8 Mouse 3 Becton and Dickinson, Etten-Leur, NL
LE41 8 Mouse 16 E. Lane, Dundee, UK
RKSE60 IgGl 10 Mouse 17 F. Ramaekers, Maastricht, NL
2D7 IgG2a 13 Mouse 11 G. van Muyen, Nijmegen, NL
1C7 IgG2b 13 Mouse 11 G. van Muyen, Nijmegen, NL
LL001 IgG2a 14 Mouse 18 E. Lane, Dundee, UK
LL002 IgG3 14 Mouse 18,19 E. Lane, Dundee, UK
RCK107 IgGl 14 Mouse 4,14 F. Ramaekers, Maastricht, NL
LL025 IgGl 16 Mouse Unpublished E. Lane, Dundee, UK
E3 IgG2b 17 Mouse 20 S. Troyanovsky, Moscow, USSR
RGE53 IgGl 18 Mouse 21,22 F. Ramaekers, Maastricht, NL
RCK106 IgGl 18 Mouse 13 F. Ramaekers, Maastricht, NL
2C8 IgGl 18 Mouse 23 G. van Muyen, Nijmegen, NL
LP2K IgG2b 19 Mouse 24 E. Lane, Dundee, UK
RCK108 IgGl 19 Mouse Unpublished F. Ramaekers, Maastricht, NL

Antibodies
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though the staining intensity with each of the antibodies
was variable within each tumor, we frequently observed a
consistent pattern of compartmentalization of antibody
expression to well-defined parts of the tumor islands. In
general, in squamous cell carcinomas the following com-
partments could be defined. 1) A basal cell compartment
that consisted of the layer of cells directly adjacent to the
tumor stroma and at most two above lying cell layers.
Morphologically these cells showed basaloid features
with large nuclei and scant cytoplasm. 2) Above this
layer, a second intermediate compartment, approxi-
mately three to four cells thick could be distinguished.
The cells in this compartment were larger with more cy-
toplasm. There was some resemblance to the intermedi-
ate layer of mature squamous metaplastic epithelium or
ectocervical epithelium. 3) Above this layer, there was a
third layer comprising more mature squamous cells that
demonstrated varying degrees of maturation and some-
times keratinization. A second feature worth mentioning is
the variability of staining intensity between antibodies rec-
ognizing the same keratin. As it is a well-known fact that
epitope masking may explain apparently negative re-
sults, several antibodies recognizing the same keratin
were used. For reasons of clarity we will only describe the
most salient features of our staining results. Table 2
shows the reaction pattern of the most strongly reacting
antibody in cases where more than one reagent was
used for the same keratin subtype. For reasons men-
tioned earlier, some antibody reaction patterns do, how-
ever, need further specification. We also refer to Figures
2-6 as illustrations of the various staining patterns.

Keratinizing Squamous Cell Carcinoma

In all keratinizing squamous cell carcinomas, keratins 4,
5, 6, 8, 13, 14, 16, 18, and 19 were detectable with the
respective monoclonal antibodies. In four cases, keratin
10 was also found, and in two cases, keratin 7 could be
detected. The antibody against keratin 1 was negative in
all five specimens (Figure 2a). The keratin 4 antibody
(Figure 2b) displayed a variable staining intensity in all
cases. Part of the central compartment of the tumor al-
ways stained intensely. Staining in other compartments
was variable, the basal layer often being negative. Kera-
tin 8 detectable with the antibodies M20, CAM 5.2, and
LE41 showed considerable variations in staining inten-
sity. CAM 5.2 (Figure 2h) stained all cases, showing ar-
eas staining with moderate intensity, alternating with neg-
ative areas. Furthermore, there was some compartmen-
talization of staining, with one case showing stronger
expression in the basal layer and other fragments giving
a more intense staining reaction in the inner cell compart-

ment. The M20 (Figure 2i) antibody displayed positivity in
all but one case, the staining pattern in the positive cases
being much the same as CAM 5.2, although staining was
sometimes more intense with M20. LE 41 was completely
negative in two cases, and in three cases there was some
positivity restricted to the inner most cell compartment.

Keratin 10, a marker for keratinization (Figure 2j) was
found in dispersed cells in the intermediate and inner
most cell compartments. The basal cell compartment
was only partly positive for keratin 13 (Figure 2k) and the
intensity was less than in the more central compartments.
Of the three antibodies that are monospecific for keratin
14 (LL001, LL002 and RCK 107), RCK 107 (Figure 21)
showed the most intense staining. The inner most cell
compartment was usually negative with occasionally a
few dispersed weakly staining cells. LL001 and LL002
were both completely negative in one case, the other four
cases showing positivity in the basal cell compartment,
which tended to decrease toward the inner cell compart-
ment.

Keratin 16 (Figure 2m) could be found in all cases,
although only a minority of cells reacted in the intermedi-
ate and central cell compartments. E3 (Figure 2n) which
detects keratin 17 decorated most of the cells in the basal
cell compartment with weak-to-moderate intensity. In the
intermediate cell compartment and the inner cell com-
partment only a few dispersed cells stained.

Three antibodies against keratin 18 were used, i.e.,
RGE 53, RCK 106, and 2C8. Of these, the RCK 106 an-
tibody (Figure 2o) was the strongest and stained a mi-
nority of cells in all five tumors with most of these cells
located in the basal cell compartment. Virtually all cells in
the intermediate and inner cell compartments were neg-
ative.

Large-cell Nonkeratinizing Carcinoma

In the 11 large-cell nonkeratinizing carcinomas, keratins
6, 14, 17, and 19 were detectable. In ten specimens,
keratin 18 was detectable, whereas in nine cases, kera-
tins 5, 7, and 8 were also expressed. In eight neoplasms,
keratin 4 was found, and in seven cases keratin 13 was
also found. In six carcinomas, keratin 10 was detected,
whereas five tumors showed keratin 16 along with the
aforementioned keratins. Keratin 1 was not found in any
of these specimens.

Keratin 7 was restricted to the basal cell compartment
in eight cases (Figure 3f). The three keratin 8 antibodies
M20, CAM 5.2, and LE 41 showed different staining pat-
terns. CAM 5.2 stained ten specimens, of which five
cases were positive (Figure 3g) with varying intensity. Of
the other five cases, two displayed reactivity in 1-2% of
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Figure 2. Immunoperoxidase staining pattern offrozen sectionsfrom keratinizing squamous cell carcinomas after incubation with: (a)
AF87 (keratin 1), (b) 6B10 (keratin 4), (c) AE 14 (keratin 5), (d) RCK102 (keratins 5 + 8), (e) KA12 (keratins 6 + 5), (f) AF124 (keratin
6), (g) RCK105 (keratin 7), (h) CAM5.2 (keratin 8), (i) M20 (keratin 8), (j) RKSE60 (keratin 10), (k) 1C7 (keratin 13), (I) RCK107 (keratin
14), (m) LL025 (keratin 16), (n) E3 (keratin 17), (o) RCK106 (keratin 18), (p) RCK108 (keratin 19). Original magnification a,c,d,f,i,k,o,p
X250; h,j,n X300; e,g,l x400; b,m X500.

cells. In the remaining three specimens, varying numbers
of cells stained for CAM 5.2 with variable intensity. M20
decorated nine specimens. In four of them, all cells

stained with variable intensity. The remaining five neo-
plasms showed intense positivity of most of the cells in
the basal cell layer. In three of these cases, cells in the
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Figure 3. Immunoperoxidase staining pattern offirozen sectionsfrom large-cell nonkeratinizing squamous cell carcinomas after incuba-
tion with: (a) 6B10 (keratin 4), (b) AE14 (keratin 5), (c) RCK102 (keratins 5 + 8), (d) KA12 (keratins 5 + 6), (e) AF124 (keratin 6), (f)
RCK105 (keratin 7), (g) CAM5.2 (keratin 8), (h) LE41 (keratin 8), (i) RKSE10 (keratin 10), (j) 1C7 keratin 13, (k) RCK107 (keratin 14), (I)
LL025 (keratin 16), (m) E3 (keratin 1 7), (n) RCK106 (keratin 18), (0) RGE53 (keratin 18), (p) RCK108 (keratin 19). Original magnificationb,c,f,j,k,l x250; e X300; d,g,h,i,m-p X400; a X500.

intermediate and inner cell compartments also stained
with weak intensity. Seven specimens were weakly pos-
itive with LE41 (Figure 3h). The staining intensity of CAM

5.2 and M20 was comparable; however, the reactivity of
LE41 was significantly less. Also LL001, LL002, and RCK
107, which detect keratin 14, showed a variable staining
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pattern. RCK 107 (Figure 3k) was positive in all cases
with the majority of the cells in the basal cell compartment
usually staining intensely. Cells in the other two compart-
ments were also sometimes positive. LL002 was positive
in nine cases, with obvious compartmentalization of the
staining reaction mainly restricted to the basal cell com-
partment. LL001 showed moderate positivity in eight car-
cinomas, and staining was mainly restricted to the basal
compartment with dispersed weak positivity in the other
compartments. Of the three antibodies, RCK 107 reacted
the strongest, and LL001 reacted the weakest. In most of
the cases, the majority of the cells in the basal cell com-
partment stained intensely with RCK 106 (Figure 3n),
whereas in the other compartments considerably less
cells stained for keratin 18. 2C8 was the least reactive of
the three keratin 18 antibodies since only four cases
showed weak positivity with this reagent in dispersed
cells

Endometrioid Carcinoma

In four specimens, an endometrioid carcinoma was di-
agnosed. One tumor was classified as a grade 1, two
were classified as grade 11, and one tumor was grade 111.
The keratin expression in these carcinomas showed dif-
ferences as compared with endocervical carcinoma. The
grade endometrioid carcinoma expressed keratins 4, 6,
7, 8,14,17,18, and 19, whereas keratins 1, 10, 13, and
16 were not found. The two grade 11 carcinomas both
expressed keratin 6, 7, 8, 14, 17, 18, and 19, one addi-
tionally expressed the keratins 4, 10, 13, and 16. The
grade Ill carcinoma expressed keratins 4, 5, 6, 7, 8, 10,
13, 14, 17, 18, and 19, while keratins 1 and 16 were not
expressed. RCK 107 detecting keratin 14 was present in
all specimens (Figure 5j) with a minority of cells staining
intensely. The other two keratin 14 antibodies LL001 and
LL002 both stained a minority of cells intensely in the
grade Ill carcinoma. The other three carcinomas were
negative.

Endocervical Adenocarcinoma

In all moderately differentiated adenocarcinomas, kera-
tins 7, 8, 14, 17, 18, and 19 were detected. In two cases,
we also found keratin 6 and keratin 4 (Figure 4a). Keratins
1, 10, (Figure 4i) 13, and 16 were not detectable in any of
the specimens. Keratin 5 was negative in two carcino-
mas, while in one specimen a few dispersed cells stained
weakly (Figure 4b). The keratin 8 antibodies M20 and
CAM 5.2 decorated all cells in the three specimens. M20
(Figure 4g) stained the cells most intensely. The CAM 5.2
antibody staining intensity displayed some variations.
The third keratin 8 antibody LE41 (Figure 4h) stained the
cells weakly and in one case there were dispersed
cells that did not stain at all. The keratin 14 antibodies
LL001 and LL002 did not stain any of the tumors, the
third keratin 14 antibody, RCK 107 displayed positivity
in all three cases (Figure 4j). Keratin 18 was expressed
in all cases in which RGE 53 and RCK 106 (Figure 41)
stained all cells intensely with only minor variations in
staining intensity for the RGE 53 antibody. The 2C8 anti-
body only weakly stained a minority of cells in each
specimen.

In the two poorly differentiated adenocarcinomas, ker-
atin expression was the same as in the moderately dif-
ferentiated adenocarcinomas. The only difference was
that keratin 14 was expressed in one tumor and keratin 4
was not detectable at all. In both poorly differentiated
adenocarcinomas, keratin 6, 7, 8, 17, 18, and 19 were
detectable, and in one case also keratin 14. Keratins
1, 4, 5, 10, 13, and 16 were not detected in these carci-
nomas.

Adenosquamous Carcinoma

The three adenosquamous carcinomas showed a some-
what different keratin expression pattern when compared
with the previously described tumors. All carcinomas ex-
pressed keratins 5, 6, 14, 17, 18, and 19 while in two
carcinomas, keratins 4, 7, and 8 were additionally ex-
pressed and in one case also keratins 10 and 13. Kera-
tins 1 and 16 were not detected in these tumors.

Discussion

Keratin Epitope Detection and
Antibody Affinity

In this study the presence of keratins in 28 carcinomas of
the cervix was investigated using an extended panel of
23 antibodies capable of separately detecting 13 individ-
ual keratin subtypes at the single cell level. The use of
more than one keratin antibody directed against the
same keratin protein allowed us to detect structural alter-
ations in keratin filament organization probably resulting
from epitope alterations due to biologic behavior during
neoplastic transformation. This phenomenon, commonly
referred to as epitope masking, was frequently observed.
For example, keratin 8 could be detected by three differ-
ent antibodies, of which the M20 antibody reacted with
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Figure 4. Immunoperoxidase stainingpatterns ofmoderately diflerentzated endocervical adenocarcinomas (a-m) andpoorly differentiated
endocervical adenocarcinomas (n-p) after staining with: (a) 6B10 (keratin 4), (b) AE14 (keratin 5), (c) RCK102 (keratin 5 + 8), (d) KA12
(keratin 5 + 6), (e,n) AF124 (keratin 6), (f) RCK105 (keratin 7), (g) M20 (keratin 8), (h) LE41 (keratin 8), (i) RKSE60 (keratin 10), (j,o)
RCK107 (keratin 14), (k) E3 (keratin 17), (I) RCK106 (keratin 18), (m) RCK108 (keratin 18), (p) 2C8. Original magnification, n, o, p x400;
a-d, f-i, k, I, m X500; e,j x600.

more cells than CAM 5.2 in all carcinomas while also the
intensity of staining had increased. The 2C8 antibody
reacted with less intensity. When comparing the two ker-

atin 13 antibodies, this effect was observed only once
and the staining patterns of both antibodies was usually
the same. Keratin 14 was monitored by three antibodies
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Figure 5. Immunoperoxidase staining patterns ofendometrioid adenocarcinomas of the cervix, grade I (c,e,j,I-n,p), grade II (a,d,f) and
grade III (b,(g-h,k,o) after staining wit: (a) 6B10 (keratin 4), (b) AE14 (keratin 5), (c) RCK102 (keratin S + 8), (d) KA12 (keratin 5 + 6),
(e) AF124 (keratin 6), (f,g) RCK105 (keratin 7), (h) M20 (keratin 8) (i) RKSE60(keratin 10), (j) RCK107 (keratin 14), (k,i) E3 (keratin 17),
(m) RCK106 (keratin 18)A (n) 2C8 (keratin 18), (o,p) RCK108 (keratin 19). Original magnification i,j,k x400; a-e,g,h,l-p X500; f X600.

that showed considerable variations in their staining pat-
terns. RCK 107 stained varying numbers of cells in all
tumors intensely, while LL001 and LL002 were less reac-

tive, LL001 stained less tumors, and the staining intensity
was also considerably lower than that found for the two
aforementioned keratin 14 antibodies. An effect much like
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Figure 6. Immunoperoxidasest
AE14 (keratin 5), (c) RCK102 (ki
8), (i) RKSE60 (keratin 10), (j) 21
18), (o) RGE53 (keratin 18), (p)
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taining patterns ofadenosquamous carcinomas of the cerix after staining with: (a) 6B10 (keratin 4), (b)
wsratin 5 + 8), (d) KA12 (keratin 5 + 6), (e) AF124 (keratin 6), (f) RCK105 (keratin 7), (g,h) M20 (keratin
'D7 (keratin 13), (k) RCK107 (keratin 14), (1) LL025 (keratin 16), (m) E3 (keratin 17), (n) RCK106 (keratin
RCK108 (keratin 19). Original magnification a-h X250; i,j,m-p X400; k,l x500.

this was observed with the keratin 18 antibodies of which
the antibody RCK 106 was most reactive, staining cells in
practically every carcinoma, RGE 53 was slightly less

reactive than RCK 106 and 2C8 was least reactive with
only a minority of cells staining weakly. The two keratin 19
antibodies gave similar results
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Keratin Composition of Cervical Carcinomas

Squamous Cell Carcinoma

Based on the underlying study, the keratins common
to all squamous cell carcinomas included 6, 14, 17, 18,
and 19. In all keratinizing carcinomas, keratins 4, 5, 8,13,
and 16 were additionally found. These keratins were only
detected in a subfraction of the nonkeratinizing carcino-
mas. This indicates that the keratin expression pattern of
keratinizing cervical cancer is most complex of the two
subtypes, especially if we consider the fact that in four of
the five keratinizing carcinomas, we also found keratin
10, which was only detectable in half of the nonkeratiniz-
ing carcinomas in which it was usually expressed to a
lesser degree. These results complement and partially
contradict previous reports. For example in gel electro-
phoretic studies, Czernobilsky et a1l and Moll et a12
showed that the keratin content of nonkeratinizing carci-
nomas was the most complex, comprising keratins 5, 6,
7, 8, 13, 14, 15, 16, 17, 18, and 19 while during keratiniz-
ing, cervical carcinomas keratins 5, 6,13,14,16,17, and
19 were found. Our study additionally demonstrates the
presence of keratins 4, 8, and 18 in all keratinizing carci-
nomas, the frequent presence of keratin 10 and some-
times keratin 7. To the keratin content of nonkeratinizing
carcinomas known to date, we may add the presence of
keratins 4 and 10 which were found in a number of cases.
Our interpretation of the expression of simple keratins 7,
8, and 18 will be discussed later. The fact that the present
immunohistochemical techniques using specific antibod-
ies are capable of detecting individual keratins at the sin-
gle cell level explains the discrepancy between our re-
cent data and those of others.1 2 The immunohistochem-
ical study of Ivanyi et a18 also demonstrates the presence
of keratins 4 and 10 in nonkeratinizing carcinomas.

Apparently a number of the nonkeratinizing carcino-
mas have a keratin expression phenotype normally ob-
served in keratinizing squamous cell cancers, although
there are no histologic signs of cornification. We consider
these to be examples of cancers that based on morpho-
logic criteria would be classified as nonkeratinizing.
Based on their keratin expression patterns, however, they
should be classified as being of the keratinizing variety.
The implications of this statement are far reaching since
this means that these carcinomas could have a worse
prognosis than the true nonkeratinizing variety.

The fact that all keratinizing carcinomas usually dis-
play a more complex keratin expression pattern than all
nonkeratinizing carcinomas is not surprising as expres-
sion of keratins 4, 10, and 13 accompanies squamous
cell differentiation and keratinization.

Adenocarcinoma

In the moderately differentiated, as well as in the
poorly differentiated, endocervical adenocarcinomas
keratins 7, 8, 17, 18, and 19 were expressed in all cases,
and frequently Keratin 14. In one case, keratins 4 and 5
were found.

The endometrioid adenocarcinomas of the endocer-
vix showed an expression pattern that was similar to that
of the previously described adenocarcinomas, but all
cases contained a minor fraction of cells expressing ker-
atin 14. Czernobilsky et all and Moll et a12 only report the
presence of keratins 7, 8, 17, 18, and 19 in cervical ad-
enocarcinomas on the basis of their gel electrophoretic
studies but did not detect keratins 4, 6, 10, and 13, which
we find sporadically expressed in this type of malig-
nancy. More striking, however, is the fact that these au-
thors and Yvani et a18 did not find keratin 14, which we
detected in most cases of cervical adenocarcinoma.

Adenosquamous Carcinoma

Based on the previously described keratin expression
patterns in cervical cancer, we expected the keratin ex-
pression pattern of adenosquamous carcinomas to be
complex. To our surprise in these carcinomas the overall
pattern was less complex than expected with keratins 14,
17, 18, and 19 common to all, while two specimens ad-
ditionally expressed keratins 4, 7, and 8. The keratins
characteristic of squamous differentiation, i.e., 10, 13,
and 16 were oddly enough only found in one of three
adenosquamous carcinomas.

Consensus Keratin Phenotypes

The keratin composition of cervical carcinomas is
complex with up to 12 different keratins being coex-
pressed in the same tumor. In an attempt to simplify the
high degree of complexity, we propose the definition of a
"consensus keratin phenotype" for a given tumor type.
This consensus will solely describe the most frequent ker-
atin composition found in a specific tumor type (Figure 7).
This idealized description will only in part match the de-
termined keratin profile of an individual tumor. In this
study, we were able to identify differences between dis-
tinct carcinoma groups. Thus, the most differentiated cer-
vical tumors of the keratinizing squamous cell type exhibit
the most stable keratin phenotype. The five tumors in our
study varied only slightly from the consensus phenotype,
i.e., positive for keratins 4, 5, 6, 8, 10, 13, 14, 16, 17, 18,
19, and mostly negative for keratin 7. The determination
of the consensus for nonkeratinizing squamous cell carci-
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Figure 7. Schematic representation ofthe 'consensus keratin phe-
nolypes" ofthe different cervical carcinomas. These are represented
as theprobability ofexpression ofa single keratin in a each ofthe
subgroups ofcarcinomas. A completely filled box means the prob-
ability of expression of a particular keratin is between 75% and
100%. A hatched box denotes a probability of expression between
50 and 75%. A box containing dots represents probability of ex-
pression between 25 and 50%. An open box represents a proba-
bility ofexpression between 0 and 25%. KSQ = keratinizing squa-
mous cell carcinoma ofthe cervix; NKSQ = nonkeratinizing squa-
mous cell carcinoma of the cervix; AC = adenocarcinoma of the
cervix; ASQ = adenosquamous carcinoma of the cervix.

nomas is more difficult. The most obvious difference from
the first group is the presence of keratin 7 in most cases.

As discussed, the keratins 10, 13, and 16 were only de-
tected in about 50% of tumors. The phenotype of cervical
adenocarcinomas is again rather uniform, i.e., positive for
keratins 7, 8, 14, 17, 18, and 19. The most frequent dif-
ference from the first two groups is the absence of keratin
5. Some doubt still remains concerning the expression of
keratin 6 in these tumors because of the weak reactivity.
In addition, there are significant differences in the prob-
ability of deviation from the "consensus" phenotype for
individual cytokeratins. We may divide these nonobliga-
tory keratins into two groups highly variable keratins
and unusual ones. Thus, the high variability in the detec-
tion of keratins 10, 13, and 16 in nonkeratinized squa-

mous carcinomas may be caused by the difference in
tumor origin, level of differentiation, or inaccuracies in the
pathologic diagnosis. The same reasons may be respon-

sible for unusual keratin expression patterns, for exam-
ple, expression of keratins 4 and 5 in one adenocarci-
noma (case 18).

Reserve-cell Keratins Occur in
Cervix Carcinomas

The information we have collected regarding keratin
expression in cervical carcinoma allows the following hy-
pothesis on the etiology of cancer in the uterine cervix
and also allows a firmer basis to previous speculation
regarding which CIN lesions are progressive and which
are regressive. From the literature,25 it is known that the
progenitor cell of the majority of squamous cell carcino-
mas of the cervix is the subcolumnar reserve cell. From
these cells a squamous cell carcinoma may develop via
squamous metaplastic transformation going through pro-

gressive intraepithelial dedifferentiation. Adenocarcino-
mas of the cervix are believed to develop from the co-
lumnar cells lining the endocervical canal through grades
of of atypia, ultimately developing into cervical adenocar-
cinoma. The keratin expression pattern we have de-
scribed, however, does not support this theory. As a mat-
ter of fact, the keratin expression pattern of adenocarci-
nomas of the cervix is more reminiscent of the keratin
expression pattern of reserve cells, which contain kera-
tins 5, 8, 14, 17, 18, and 19. In squamous cell carcino-
mas, these keratins were also found. On the basis of
these findings, we suggest that both adenocarcinomas
and squamous carcinomas of the cervix develop from a
common progenitor cell, namely the reserve cell. This
also explains the persistence of simple keratins, i.e., ker-
atins 8,17, and 18 in squamous cell carcinomas.

In a recent publication, Dallenbach-Hellweg et a126
state that keratin 8 is found in the reserve cell type of
squamous cell carcinoma of the cervix and not in the
squamous cell type. We found significant expression of
keratin 8 in both keratinizing and nonkeratinizing squa-
mous cell carcinoma of the cervix, as well expression of
keratins 5, 14, 18, and 19. We therefore consider the
more comprehensive theory regarding the origin of both
squamous and adenocarcinomatous cervical cancer to
be the subcolumnar reserve cells as the most likely ex-
planation on the basis of cell biology.

Application of Keratin Antibodies in Cervical
Carcinoma Diagnosis

Keratinizing Versus Nonkeratinizing Squamous
Cel/ Carcinoma
The exact classification of a squamous cell carcinoma

into the keratinizing or nonkeratinizing subtype may be
rather difficult, since cornified cells that mark the distinc-
tion between these two subtypes may be difficult to de-
tect. When keratin pearls are not found, a squamous cell
carcinoma will usually be subclassified as being of the
nonkeratinizing variety, which according to some authors
is expected to have a better prognosis.28 Immunohisto-
chemical methods may be of considerable help to differ-
entiate between these two subtypes. Keratinizing squa-
mous cell carcinomas contain keratins 13 and 16, and
usually keratin 10, which are found considerably less fre-
quently in the nonkeratinizing variety. On the basis of the
presence of these keratins, a cervical carcinoma should
be classified as keratinizing. Antibodies RKSE60, 1C7,
2D7, and LLO25 may become important tools for this
differential diagnosis. This means that considerably more
squamous cell carcinomas will be classified as keratiniz-
ing than is presently the case. Whether the tumors ex-
pressing keratin 10, 13 and 16 but without morphologic

II
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signs of cornification will have a poorer prognosis than
the subtype in which keratins 10, 13, and 16 are not
should be the subject of future research.

Squamous Cell Carcinoma
Versus Adenocarcinoma

A panel of keratin antibodies may also allow distinc-
tion between poorly differentiated squamous cell carci-
nomas and poorly differentiated adenocarcinomas. The
presence of keratin 5 is unusual in an adenocarcinoma
and when present is only detectable in a few scattered
cells. On the other hand, it is found in most nonkeratiniz-
ing and all keratinizing squamous cell carcinomas of the
cervix. Also keratin 6 may serve as a discriminator since
it is present in all squamous cell carcinomas and found
only in a minority of cells in adenocarcinomas. A similar
effect was also observed for keratin 14 when the RCK
107 antibody was used. In line with a previous report28
the results presented in this article demonstrate that an-
tibodies to keratins 8 and 18 can not be used reliably to
distinguish between squamous cell and adenocarci-
noma, since the latter of the two when originating from the
cervix or the lung, express these simple keratins.

Adenocarcinomas of the Cervix Versus
Adenocarcinomas from Other Origins

Keratin 17 was detected in variable numbers of cells
in all cervical carcinomas irrespective of their subclassi-
fication. Preliminary studies have indicated that this ker-
atin subtype is present in approximately one third of in-
vasive ductal carcinomas of the breast,14 in all squamous
cell carcinomas of the lung and usually not in adenocar-
cinomas of the lung.31 Moll and Czernobilsky1 2 did not
detect keratin 17 in adenocarcinomas of the endometri-
um by gel electrophoresis. Troyanovsky et a120 have
shown that keratin 17 is not found in normal intestinal
epithelia, the epithelium of the oviduct, or mesothelial
cells. Quinlan et al29 demonstrated by means of gel elec-
trophoresis that no keratin 17 could be detected in sev-
eral subtypes of adenocarcinomas including those of the
ovary, stomach, gall bladder, as well as mesotheliomas.
In all adenocarcinomas of the cervix, however, keratin 17
was detectable. In a previous study we demonstrated
that carcinomas of the colon did not contain this keratin
type,w meaning that this antibody may be extremely
helpful in the distinction between adenocarcinoma of the
cervix and colon. This differential diagnosis may pose
difficult problems because the close anatomical relation-
ship of both organs may not always allow an easy dis-
tinction on the basis of topography alone. We therefore
propose that keratin 17 may be potentially important for
the distinction between adenocarcinomas of the cervix

and these other types of adenocarcinomas, and between
cervical adenocarcinoma and mesothelioma.

Progression Versus Regression of CIN Lesions

In a previous study, we demonstrated that keratin 17
was detectable in approximately 50% of the CIN Ill le-
sions and only in a small percentage of CIN and CIN 11
lesions.3 We proposed that those CIN lesions that ex-
pressed keratin 17 may be of the progressive type and
that keratin 17 could indicate whether a CIN Ill lesion will
become malignant or not. The fact that in the underlying
study we were able to detect keratin 17 in all carcinomas
further supports this hypothesis and means that keratin
17 could be a marker for progression in cervical intraep-
ithelial neoplasia.
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