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Abstract  We investigated the expression of keratin sub- 
types 7, 8, 10, 13, 14, 17, 18 and 19 in the normal cervix, 
in cervical intraepithelial neoplasia (CIN) lesions and in 
cervical carcinomas, using a selected panel of monoclon- 
al keratin antibodies, reactive with routinely processed, 
formalin fixed paraffin embedded tissue fragments. The 
reaction patterns derived for each keratin antibody were 
compared with known expression patterns of the various 
epithelia, previously examined in frozen tissues. Al- 
though the reactivity of the antibodies was generally ac- 
ceptable, considerable modifications to the manufactur- 
ers' staining instructions were often necessary. For some 
antibodies, which were previously thought to be reactive 
with fresh frozen tissue only, we developed staining pro- 
tocols rendering them reactive with routinely processed 
material. As with previous findings in frozen sections we 
observed increasing expression of keratins 7, 8, 17, 18 
and 19 with increasing grade of CIN. In cervical carcino- 
mas the differences in keratin detectability between the 
main categories were more pronounced than in frozen 
sections, probably due to fixation and processing. For 
routine pathology, keratin phenotyping of cervical le- 
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sions may be of value in classification. The fact that ker- 
atin 7 was detected for the first time in reserve cells, and 
that this keratin was also found to be expressed in a con- 
siderable number of CIN lesions and cervical carcinomas 
supports the suggestion that reserve cells are a common 
progenitor cell for these lesions. 
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Introduction 

Keratins comprise a family of at least 20 intermediate fil- 
ament proteins catalogued from 1 to 20 exhibiting a tis- 
sue specific distribution pattern in epithelia [15, 17]. 
Their distribution has been shown to be partly conserved 
during neoplastic transformation [23]. During this pro- 
cess additional keratins may become expressed, or others 
may be lost, depending on the degree of differentiation 
of the tumour under investigation. In many cases the tu- 
mour keratin phenotype indicates the tissue type from 
which it originated, allowing a more exact classification 
[23]. 

In previous studies [5, 6, 12, 16, 25, 26, 27, 28, 30] 
we extensively investigated the keratin expression pat- 
terns in the normal cervix, in metaplastic epithelia, in 
cervical intraepithelial neoplasia (CIN) and in cervical 
cancer, using recently developed monoclonal and poly- 
clonal antibodies, reacting separately with most of the 
known keratin subtypes [10]. The most salient features 
of these assays, all carried out on frozen tissue sections, 
may be summarized as follows: ectocervical nonkeratini- 
zing squamous epithelium shows a keratin pattern char- 
acterized by intense expression of keratins 4 and 13. In 
addition, keratins specific for basal cell compartments, 
(5, 14, and 19) are also found. The expression pattern in 
endocervical columnar cells is characteristic of the kera- 
tins found in most of the so called simple epithelia (kera- 
tins 7, 8, 18 and 19). Surprisingly some expression of 
keratins 4, 15 and 16, normally related to squamous dif- 
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ferentiation, are also noted in columnar endocervical 
cells. 

Endocervical reserve cells combine expression of 
keratins typical of squamous epithelium as well as kera- 
tins characteristic of simple epithelium. In addition kera- 
tin 17 was found to be specific for reserve cells in the 
cervix. The keratins present in metaplastic squamous ep- 
ithelium, reflect the degree of squamous maturation [26]. 
When this epithelium exhibits high expression levels of 
keratins typical of simple epithelia and fewer keratins 
characteristic of nonkeratinizing epithelia it is in general 
morphologically immature. Metaplastic epithelia show- 
ing the opposite keratin expression pattern are usually 
more mature. In the keratin phenotype of CIN, CIN I and 
CIN II cannot be distinguished on the basis of their kera- 
tin expression patterns. Most of these lesions show pat- 
terns reminiscent of that found in ectocervical epitheli- 
um, while 10% express the keratins typical of the pro- 
genitor reserve cells in addition. In CIN III the number 
of cases containing these reserve cell keratins has in- 
creased up to 50%. Previously we postulated that the 
group of CIN lesions with express reserve cell keratins 
may well be premalignant in nature [25, 26]. This theory 
is to a certain extent supported by the keratin expression 
patterns observed in cervical cancer [27]. In keratinizing 
squamous cell carcinoma of the cervix a complex keratin 
expression pattern is found, including all keratins found 
in reserve cells, as well as keratins indicating squamous 
maturation and keratinization. The keratin make up of 
large cell nonkeratinizing carcinoma was somewhat less 
complex, but again the basic reserve cell keratin expres- 
sion pattern is usually observed. Adenocarcinomas also 
express a number of typical reserve cell keratins. We 
have interpreted these findings as support for the hypoth- 

Table 1 Overview of the characteristics of the antibodies used in 
this study and the most important steps of the staining protocols. 
RT roomtemp; SwaRPo horse radish peroxidase conjugated swine 

esis that both squamous cell carcinomas and adenocarci- 
nomas of the cervix have a common progenitor cell; the 
reserve cell. The results of the studies outlined were all 
based on observations in frozen tissue material. Recently 
monoclonal keratin antibodies reactive with routinely 
processed tissues have made it possible to investigate 
whether these results are reproducible in paraffin embed- 
ded tissue. In the course of the study we found that pro- 
tocols for the application of these antibodies often had to 
be considerably modified to obtain optimal results. Fur- 
thermore the observations have allowed some modifica- 
tions to our views on cervical keratin expression. Finally, 
possibilities regarding the applications of these antibod- 
ies in general practice are evaluated. 

Materials and methods 

Routinely processed formalin fixed and paraffin embedded (tu- 
rnout) tissue blocks were used. The tissue fragments analysed rep- 
resented diathermy loop excision specimens and cervical cone bi- 
opsies from 52 women with cytologically verified dysplasia. The 
tissue samples representing 41 cases of cervical carcinoma were 
taken from hysterectomy specimens and excision biopsies, and in- 
cluded 3 cases with both material from the primary cervical carci- 
noma and a lymph node metastasis. Many cases comprised more 
than one tissue fragment per block, which were all analysed as one 
case. A total of approximately 250 tissue fragments were analy- 
sed, representing both normal endo- and ectocervical epithelia, 
metaplastic epithelia, the three grades of CIN and cervical carci- 
noma. Often more than one type of epithelium could be distin- 
guished in the same fragment. As a result non-keratinizing ecto- 
cervical epithelium was detected in 50 specimens, endocervical 
columnar epithelium in 58 specimens, reserve cells in 29 speci- 
mens, immature squamous metaplastic epithelium in 16 specimens 
and mature squamous metaplastic epithelium in 19 specimens. 
CIN I was diagnosed in 16 specimens, CIN II in 25 specimens and 
CIN lII in 26 specimens. There were 4 keratinizing squamous cell 

anti rabbit IgG; RaMPo horse radish peroxidase conjugated rabbit 
anti mouse IgG 

Antibody Ig subtype Species Keratin(s) Pronase Antibody Incubation Detection system Ref- Source 
recognized Dilution time erence 

p Ker Polyclonal Rabbit several + 1:80 1 h/RT SwaRPo 33 

34fl12 Mouse 1,5+? + 1:500 12 h/4 ° C RaMPo/SwaRPo 4, 7 

OV-TL IgG1 Mouse 7 - 1:2 12 h/4 ° C RaMPo 18, 22 
12/30 
CAM 5.2 IgG2a Mouse 8 + 1:20 1 h/RT RaMPo 13 

DE-K-10 IgG1 Mouse 10 - 1:20 12 h/4 ° C RaMPo/SwaRPo 9 
AE8 Mouse 13 - 1:2 1 h/RT RaMPo 7, 8 

LLOO2* IgG2a Mouse 14 - undiluted 12 h/4 ° C RaMPo/SwaRPo 10 
E3 IgG2b Mouse 17 + 1:2 1 h/RT RaMPo 29 

DC 10 IgG 1 Mouse 18 + 1:10 1 h/RT RaMPo/SwaRPo 11 
DA7 IgG1 Mouse 18 + 1:I0 1 h/RT RaMPo/SwaRPo 11 
RCK108 IgG1 Mouse 19 + undiluted 1 h/RT RaMPo unpub- 

lished 

Euro-Diagnostics, Apel 
doom, The Netherlands 
ENZO, Biochem, NY, 
USA 
BioGenex Labs, 
Mt~nchen, Germany 
Becton and Dickinson, 
Etten Leur, The 
Netherlands 
BioGenex Labs 
Sanbio, Uden, The 
Netherlands 
BioGenex Labs 
Dr S. Troyanovski, 
Moscow, Russia 
BioGenex Labs 
BioGenex Labs 
BioGenex Labs 

* Prior to staining the slides were placed in demineralized water and cooked for 10 min in a microwave oven 
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carcinomas, 19 large cell nonkeratinizing squamous cell carcino- 
mas, 11 adenocarcinomas (of which 2 were of the clear cell vari- 
ety), 3 neuroendocrine carcinomas and 2 adenosquamous carcino- 
mas. In 3 cases we also examined the keratin phenotype of lymph 
node adenocarcinoma metastases, of which one was of the clear 
cell variety. The subepithelial, stromal tissues were meticulously 
examined for keratin expression in all cases. The diagnoses in 
each individual case had been verified by at least three patholo- 
gists. Where there was a discrepancy, the case was discarded from 
the study. 

Ten monoclonal antibodies and one polyclonal antibody were 
used in this study. Their characteristics and references [4, 7, 8, 9, 
13, 14, 18, 20, 21, 22, 29] are summarized in Table 1. The horse- 
radish peroxidase conjugated swine anti rabbit IgG and the horse 
radish peroxidase conjugated rabbit anti mouse IgG were obtained 
from Dakopatts, Denmark. 

Considerable modifications to the staining procedures as indi- 
cated in the manufacturers' instructions were often necessary to 
obtain immunoreactivity with certain antibodies. The modifica- 
tions to the routinely used staining procedure giving the best re- 
sults, are indicated in Table 1. All tissue fragments had been fixed 
in 4% buffered formalin for at least 24 h but not longer than 72 h, 
before being processed through paraffin for routine diagnosis. The 
blocks were then stored in our archive for at least 1 year, prior to 
retrieval for this project. From these blocks 4 lxm thick sections 
were cut, and deparaffinized with xylene and ethanol. Pronase 
(0.1% Sigma, St Louis, USA) digestion in phosphate buffered sa- 
line (PBS), at 37 ° C, for 10 min was necessary to obtain optimal 
results for certain antibodies (see Table 1). For LLOO2 the slides 
were not treated with pronase but placed in demineralized water 
and cooked for 10 min in a microwave oven at 750 W. Endoge- 
nous peroxidase activity was blocked by immersion for 20 min in 
3% hydrogen peroxide in PBS, after which the slides were rinsed 
in PBS. After preincubation with 20% normal swine serum for 15 
rain the primary antibody was applied at the appropriate dilution 
for the time period indicated (see Table 1). After washing in PBS, 
the appropriately diluted peroxidase conjugated secondary anti- 
body was applied in PBS. In some cases an amplification step was 
applied, followed by a third series of washing steps. Peroxidase 
activity was detected with 3-amino-9-ethylcarbazole (AEC; Ald- 
rich Chemical Company, St Louis, Mo., USA) by incubation for 
10 min, the slides counterstained with Harris' haematoxylin and 
mounted with Kaisers' glycerine. 

Results 

The results are summarized in Fig. 1 and depicted in 
Figs. 2-5. In general, the antibodies used showed satis- 
factory to excellent staining results when the modifica- 
tions in the immuno-detection protocols (as summarized 
in Table 1) were followed. 34/312, OV-TL 12/30, DE-K- 
10, LLOO2, E3 and DA7 generally displayed strong im- 
munoreactivity, while AE8 showed a moderately strong 
expression. The immunoreactivity of E3 was generally 
even more intense than the patterns previously observed 
in the frozen sections. DC10 reactivity was constantly 
less than DA7 although both react with keratin 18. CAM 
5.2 and RCK 108 in contrast stained fewer cells, less in- 
tensely in paraffin sections [25, 26], than previously ob- 
served in frozen tissue sections. Attempts to augment ac- 
tivity of the various antibodies by cooking in a micro- 
wave oven were only successful for LLOO2, while an 
enzyme predigestion often enhanced immunoreactivity 
considerably (Table 1). We will describe the reactivity 
patterns of the individual antibodies for the different 
types of epithelial cells in normal cervix extensively in 

order to illustrate their usefulness for keratin immunop- 
henotyping in routinely processed tissue material. 

In ectocervical nonkeratinizing epithelium (Figs. la, 
2a-g) the polyclonal keratin antibody and 34fl12 were 
found to stain the ectocervical epithelium in all cases, 
usually with an intense reaction throughout the full 
thickness of the epithelium. The antibodies OV-TL 12/30 
(Fig. 2a), CAM 5.2 (Fig. 2b) and E3 (Fig. 2f) detecting 
keratins 7, 8 and 17, respectively, did not react in ecto- 
cervical epithelium. In 13 cases keratin 18 was detected 
only by the antibody DA7 (Fig. 2g) which revealed a 
weak staining reaction in most cells of the basal cell 
compartment and sporadically in the parabasal and inter- 
mediate cell compartment. DC10, also reactive with ker- 
atin 18, remained negative in all cases. RCK 108, recog- 
nizing keratin 19, was found to stain the basal cells of 
half of the specimens. The keratin 10 antibody DE-K-10 
(Fig. 2c) occurred in dispersed cells above the intermedi- 
ate and superficial cell compartments in 14 cases. Kera- 
tin 13 detected with the antibody AE8 (Fig. 2d) decorat- 
ed most cells above the basal layer, usually staining in- 
tensely. Keratin 14 (Fig. 2e), as detected by the antibody 
LLOO2, was always present in the basal and parabasal 
cell layer. In the more superficial layers the number of 
cases staining and the staining intensity decreased. 

In endocervical columnar cells and reserve cells 
(Figs. lb, 2 h-n) from the tissue fragments of 58 patients 
in which we observed columnar cells, the polyclonal an- 
tibody revealed an intense staining reaction. 34/312 only 
stained some cells in 10 cases with moderate intensity. 
These cells stained with the simple keratin antibodies 
OV-TL 12/30 (keratin 7, Fig. 2h), CAM 5.2 (keratin 8, 
Fig. 2i), DA7 (keratin 18, Fig. 2n) and RCK 108 (keratin 
19), with moderate to strong intensity. The keratin 18 an- 
tibody DA7 showed a more distinct expression than 
DC10. Immunostaining for DE-K-10, (keratin 10, Fig. 
2j), AE8 (keratin 13, Fig. 2k) and E3 (keratin 17, Fig. 
2m) was not found. LLOO2 (keratin 14) was only found 
sporadically in a few cases. However, this keratin was 
usually not detected (Fig. 21). Reserve cells were intense- 
ly stained by the polyclonal keratin antibody and also 
34/312 in all 28 cases. Of the simple keratin antibodies, 
OV-TL 12/30 (keratin 7, Fig. 2h) showed an intense 
staining in the reserve cells in all cases. Also keratin 8 as 
detected by CAM 5.2 (Fig. 2i) was moderately ex- 
pressed. Again, staining with the keratin 18 antibody 
DA7 (Fig. 2n) was more intense than DC10. Keratin 19 
as detected by the antibody RCK 108 showed a moderate 
reactivity with most reserve cells. Keratin 17 (Fig. 2m), 
related to squamous and basal cell differentiation was 
present in 25 cases, but the staining intensity with E3 
varied considerably from case to case. DE-K-10 (keratin 
10, Fig. 2j) and AE8 (keratin 13, Fig. 2k) immunoreac- 
tivity related to squamous differentiation, were not found 
in reserve cells. LLOO2 (keratin 14, Fig. 2s) however, 
was weakly detectable in a few cases. 

The results for squamous metaplastic epithelia, CIN 
lesions and cervix carcinomas as obtained with the vari- 
ous antibodies will be summarized briefly with emphasis 
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Fig. 1 Pattern of keratin 
expression in (a) normal 
ectocervical epithelium, (b) 
columnar and reserve cells, (c) 
immature squamous 
metaplasia, (d) mature 
squamous metaplastic 
epithelium, (e) cervical 
intraepithelial neoplasia (CIN) 
I, (f) CIN II, (g) CIN III, (h) 
keratinizing squamous cell 
carcinoma, (i) nonkeratinizing 
squamous cell carcinoma, (j) 
adenocarcinoma, (k) 
adenosquamous carcinoma and 
(1) neuroendocrine carcinoma. 
The keratins are indicated by 
their respective number 
according to MoWs catalogue 
[|]. ~-?  negative; ~ 1-25%; 
~ 25-50%; ~ 50-75%; 
~ 75-100% of cases posi- 
tive. Staining intensity is indi- 
cated by the shading of the 
box; b l a c k  - intense, h o r i z o n t a l  

l i n e s  - moderate to strong, p a r -  

a l l e l  o b l i q u e  l i n e s  - mild to 
moderate or intense, d o t s  - 

staining of single cells. K kera- 
tin(s); S superfical cells; I inter- 
mediate cells; B basal cells; P B  

parabasal cells; C columnar 
cells; R C  reserve cells 

Nonketatinizing ecto~ervic~ 
epithelium 

b. Endocervicaf columnar cells 
and r e . r y e  calla 

II s Ii 

i' 
c. Imnmture squewnoua 

memp|esic epithelium 

Mature squamous 
metaplasic epithelium 

e. CIN I 

on the most salient features. For details we refer to Fig- 
ures lc-1 and Figures 3-5. 

In immature and mature metaplastic squamous epithe- 
lium (Fig. lc, 2o-u)  keratin expression generally reflect- 
ed the level of maturation. In immature squamous met- 
aplasia (Fig. 2o-u) the keratin antibodies OV-TL 12/30 
(Fig. 20) and DA7 (Fig. 2u), detecting the simple kera- 
tins 7 and 18, were moderately positive, while keratin 8 
(CAM 5.2, Fig. 2p) was less constantly detected. Keratin 
17 as detected by E3 (Fig. 2t) was usually present. Kera- 
tins 10 and 13 detected with DE-K-10 (Fig. 2q) and AE8 
respectively (Fig. 2r) and indicating squamous matura- 
tion, were found in approximately half of the cases of 
immature squamous metaplasia, with varying expression 
levels, while keratin 14 (LLOO2, Fig. 2s) was consis- 
tently present. 

In mature squamous metaplastic epithelium (Fig. ld) 
expression of the simple keratin markers had decreased 
considerably compared to immature squamous metaplas- 

f. CIN II 

g. CIN III 

h. Kera~nizing squamous 
cell carcinoma 

I1o I:::.::::I NIl 

i. Non-kerat tn iz ing 

squamous cell carcinoma 

J. Adenocarcinoma 

II, 
k. Adenoaquamoua 

carcinoma 

I1' I lil t:i:J 
I, Neuroendocr~ne 

carcinoma 

tic epithelium. There was only slight reactivity for OV- 
TL 12/30 (keratin 7), CAM 5.2 (keratin 8) and DA7 (ker- 
atin 18). In a few cases positive reactivity was also ob- 
served for E3 detecting keratin 17. However, the intensi- 
ty and the number of cases reactive for keratin 10 (DE- 
K-10), keratin 13 (AE8) and keratin 14 (LLOO2) com- 
pared to their expression in immature squamous metapl- 
asia had increased slightly, while keratin 10 (DE-K-10), 
was less constantly found. 

CIN (Figs. le-g ,  3a-u) showed keratin expression in 
different grades which was often irregular. The intercel- 

Fig. 2 Immunoperoxidase staining patterns of formalin fixed par- 
affin embedded sections from (a-g) normal ectocervical epithelia, 
(h-n) columnar and reserve cells and (o-u) immature squamous 
metaplasia, after staining with (a, h, o) OV-TL 12/30 (keratin 7), 
(b, i, p) CAM 5.2 (keratin 8), (c, j, q) DE-K-10 (keratin 10), (d, k, 
r) AE8 (keratin 13), (e, 1, s) LLOO2 (keratin 14), (f, m, t) E3 (ker- 
atin 17) and (g, n, u) DA7 (keratin 18) 
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Fig. 3 Immunoperoxidase staining patterns of formalin fixed par- 
affin embedded sections from (a-g) CIN I lesions, (h-n) CIN II 
lesions and (o-u) CIN III, after staining with (a, h, o) OV-TL 

12/30 (keratin 7), (b, i, p) CAM 5.2 (keratin 8), (e, j, q) DE-K-10 
(keratin 10), (d, k, r) AE8 (keratin 13), (e, 1, s) LLOO2 (keratin 
14), (f, m, t) E3 (keratin 17) and (g, n, u) DA7 (keratin 18) 
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Fig. 4 Immunoperoxidase staining patterns of formalin fixed par- 
affin embedded sections from (a-g) keratinizing squamous cell 
carcinomas, (h-n) non-keratinizing squamous cell carcinoma 
(o-u) and adenocarcinoma after staining with (a, h, o) OV-TL 

12/30 (keratin 7), (b, i, p) CAM 5.2 (keratin 8), (e, j, ~1) DE-K-10 
(keratin 10), (~1, k, r) AE8 (keratin /3) (e, 1, s) LLOO2 (keratin 
14), (f, m, t) E3 (keratin 17) and (g, n, u) DA7 (keratin 18) 
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Fig. 5 Immunoperoxidase staining patterns of formalin fixed par- 
affin embedded sections from (a-d) adenosquamous carcinomas 
of the cervix, (e-ll) neuroendocrine carcinomas of the cervix and 
(i-l) lymphnode metastasis of cervical adenocarcinomas after 
staining with (a, e, i, ]) OV-TL 12/30 (keratin 7), (b, f, k, 1) DA7 
(keratin 18), (e, g) RCK 108 (keratin 19), and (d, h) LLOO2 (ker- 
atin 14) 

lular variation in staining intensities was high. As might 
be expected those keratins related to stratified epithelium 
(keratins 13, 14 and sometimes 10) were the most promi- 
nent constituent of the cytoskeleton of this type of epi- 
thelium. The number of lesions expressing keratin 10 
(Fig. 3c, j, q) and keratin 13 (Fig. 3d, k, r) decreasecl 
slightly with increasing severity of CIN, this was also the 
case for the keratin 14 antibody, LLOO2 (Fig. 3e, 1, s). 

In only a small portion of the CIN I lesions simple 
keratin antibodies OV-TL 12/30 (keratin 7, Fig. 3a), 
CAM 5.2 (keratin 8, Fig. 3b) and DA7 (keratin 18, Fig. 
3g) were found to react. In the CIN II lesions these kera- 
tins were expressed in a higher percentage of samples 
and in CIN III lesions expression of these simple kera- 
tins had increased up to more than 50% of cases (Fig. 3o, 
p, u). The intensity of labelling had usually increased. 
The percentage of lesions expressing keratin 17 in- 
creased with the severity of dysplasia (Fig. 3f, m, t). Ker- 
atin 19 was always found, usually in the basal cell layer. 

It was also observed in the other epithelial layers with in- 
creasing severity of CIN. 

In carcinomas (Figs. lh-1, 4, 5) keratin expression 
was related to type and grade of differentiation. The ex- 
pected keratins of the stratified epithelial type keratin 10 
recognized by DE-K-10, keratin 13 recognized by AE8 
and keratin 14 recognized by LLOO2 were always ob- 
served in keratinizing squamous cell carcinoma (Figs. 
lh, 4c, d). The simple keratins were only sporadically 
found in a single case, as detected by OV-TL 12/30 (ker- 
atin 7, Fig. 4a), CAM 5.2 (keratin 8, Fig. 4b) and DA7 
(keratin 18, Fig. 4g). In the nonkeratinizing carcinomas 
(Fig. li) the stratified epithelial type keratins were found 
in approximately half of the cases (Fig. 4j, k). The sim- 
ple keratins were frequently found, although there were 
major differences between cases with regards the number 
of positive cells (Fig. 4h, i, m). As could be expected, 
these simple keratins were strongly expressed in the ade- 
nocarcinomas (Figs. l j, 4o, p, u). The squamous type 
keratins were not found (Fig. 4e, 1, s). Keratin 17 as de- 
tected by E3 was found in only 2 keratinizing squamous 
cell carcinomas (Fig. 4f), in the majority of nonkeratini- 
zing squamous cell carcinomas (Fig. 4m) and only spo- 
radically in adenocarcinomas (Fig. 4t). RCK 108, detect- 
ing keratin 19, showed a similar staining pattern as com- 
pared to E3 in the squamous cell carcinomas. As expect- 
ed, however all adenocarcinomas expressed keratin 19. 



153 

The stratification related keratins 10 and 13 were not de- 
tected (Fig. 4q, r). Keratin 14 however was found (Fig. 
4e, 1, s) in all three types. 

In the 2 cases of adenosquamous carcinoma (Fig. lk, 
5a-e) expression of the stratification related keratins 10 
and 13 was not noted. Keratin 14 (Fig. 5d) was some- 
times present. All the simple keratins, keratins 7 (Fig. 
5a), 8, 18 and 19 (Fig. 5c), were usually found in the ad- 
enocarcinomatous component. Strikingly in one case 
keratin 18 (Fig. 5b) was expressed weakly in the 
squamous component and not in the adenocarcinomatous 
component. Keratin 17 was not detected. In the 3 cases 
in which the relatively infrequent neuroendocrine carci- 
noma (Figs. 11, 5e-h) was diagnosed only keratins 8, 18 
(Fig. 5t) and 19 (Fig. 5g) and oddly keratin 14 (Fig. 5h), 
were observed, usually in the majority of cells. Keratin 7 
(Fig. 5e) was sporadically present in one case. 

In 3 cases of adenocarcinoma we were able to com- 
pare the keratin expression pattern of the primary tumour 
and the autologous lymph node metastasis. The reaction 
patterns were very similar (Fig. 5i, 1) with the intensity 
of expression approximately the same in primary and 
metastatic tumour. 

Discussion 

In general most of the antibodies used in this study dis- 
played a staining pattern similm to that previously de- 
scribed in studies in frozen material. However in the for- 
malin fixed paraffin embedded tissue from keratinizing 
and nonkeratinizing squamous cell carcinomas, keratins 
8, 10, 13, 17, 18, 19 were less constantly expressed than 
in frozen tissue studies. In cervical adenocarcinomas 
there was a better correlation. 

We noted a number of quantitative and qualitative dif- 
ferences to data found in the literature. The staining in- 
tensities of some of the antibodies was lower than found 
in frozen tissues, as for example in keratin 18 antibodies 
DA7 and DC 10, the keratin 7 antibody OV-TL 12/30, 
and the keratin 10 and keratin 13 antibodies DE-K-10 
and AE8. 

As observed by Gigi-Leitner et al. [6], Moll et al. [16] 
and ourselves, reserve cells stained for keratin 18 even in 
paraffin sections. Gigi-Leitner et al. [6] found essentially 
no labelling in immature squamous metaplasia with the 
keratin 18 antibody they used, which we did in both this 
and a previous study [25]. In contrast with the results of 
Levi et al. [12] and in keeping with our own previous re- 
sults keratin 13 [25] was not found in reserve cells. We 
also confirm the gel-electrophoretic studies of Moll et al. 
[16] with regards the presence of the various keratins in 
the cervix, but in addition show which individual cell 
types contain the respective keratins. It became obvious 
that often considerable modifications to the standard pro- 
cedure were necessary in order to obtain optimal results 
in routinely processed tissue material. Enzymatic pre- 
treatment of slides usually gave results superior to the 
non-enzymatic method of microwaving the slides, 

Keratin expression in frozen material from the normal 
cervix, premalignant lesions and cervical carcinomas 
have been described extensively [16, 25]. A comparison 
between previous studies and our own, using archival 
formalin fixed paraffin embedded tissue, shows a num- 
ber of new characteristics of keratin expression in the 
cervix. 

The most striking observation is the expression of 
keratin 7 in reserve cells. In the cervix this keratin sub- 
type has so far only been demonstrated in columnar cells 
and in a few CIN III lesions [18] but not in reserve cells 
with the antibody RCK 105. We found this keratin poly- 
peptide to be a constituent of the cytoskeleton of most 
reserve cells when using antibody OV-TL 12/30, and 
showed that it remained present during immature 
squamous metaplasia. It was also found sporadically in 
mature squamous metaplastic epithelium, but was not 
present in ectocervical epithelium. With increasing se- 
verity of CIN an increase in keratin 7 expression was 
noted. Keratin 7 was present in most carcinomas except 
for the keratinizing variety, expressing keratin 7 only in a 
few dispersed cells. 

In squamous cell carcinomas keratin 7 expression is 
apparently related to the direction or degree of differenti- 
ation. This was also observed in studies in frozen tissues 
[27]. The fact that keratin 7 has been observed in epithe- 
lia in which it was previously considered absent may be 
explained on the basis of the high affinity of OV-TL 
12/30 for its keratin epitope and the high titre of the anti- 
body. In contrast to what has been found with antibody 
RCK 105, OV-TL 12/30 displayed a strong reactivity 
with endocervical reserve cells in frozen tissue speci- 
mens. In gel-electrophoretic studies OV-TL 12/30 reacts 
with keratin 7 [22] and in studies on frozen materials its 
reactivity is as strong as, or stronger than observed with 
other antibodies to keratin 7 (for example RCK 105). It 
does not show any unexpected immunoreactivity, which 
would make us suspect spurious crossreactivity with an- 
other cellular component. The immunoreactivity pattern 
of the OV-TL 12/30 in formalin fixed paraffin embedded 
tissue specimens [18] is comparable to that of other kera- 
tin 7 antibodies, when applied to frozen sections [22], in- 
dicating that formalin fixation does not change keratin 7 
epitopes in an uncontrollable manner. 

Expression of keratin 17 was more intense in CIN le- 
sions after formalin fixation and paraffin embedding than 
observed previously in frozen sections. Keratin 17 was 
however not found in all carcinomas, in contrast to what 
was observed in frozen tissue sections. One suggestion 
to explain this discrepancy could be an effect of pronase 
treatment on the exposure of the E3 epitope. 

Using the DA7 antibody we sometimes observed mi- 
nor expression of keratin 18 in ectocervical epithelium. 

Surprisingly keratin 14 and 19 were found in cervical 
neuroendocrine carcinomas. Keratin 19 has previously 
been observed in some small cell lung carcinomas [2], 
while keratin 14 has not yet been detected in such neo- 
plasms. Keratin expression in clear cell carcinomas of 
the cervix comprises keratins 7, 8, 14, 18 and 19. Keratin 
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17 usually observed in endocervical adenocarcinomas, 
was not detected. 

Although this study was performed with a smaller 
panel of keratin antibodies when compared with previous 
investigations, it still allows interpretation along the lines 
previously described. Central to any interpretation is the 
role of the reserve cells. When these cells proliferate into 
a CIN lesion, the reserve cell keratin phenotype is main- 
rained in a number of cases. We postulated earlier [25, 
26, 27] that this subclass of CIN lesions is progressive in 
nature, while those that acquire a keratin expression phe- 
notype of ectocervical epithelium, loosing simple keratin 
expression, are regressive in nature. In frozen tissue stud- 
ies we observed expression of keratins 8, 17 and 18 in 
practically all cervical carcinomas, which complies with 
the general rule that keratin expression is in part main- 
tained upon malignant transformation. This was not 
found in all formalin fixed, paraffin embedded carcino- 
ma samples and justifies further investigation into anti- 
gen retrieval protocols, and the sensitivity enhancement 
of detection systems. 

The keratin expression patterns of the carcinomas are 
not always consistent with their classification on mor- 
phological grounds. For example keratin 10, considered 
as an absolute marker for keratinization, is expressed in a 
number of carcinomas which on the basis of morphologi- 
cal criteria have been classified as being of the nonkera- 
tinizing variety. Furthermore, a number of morphologi- 
cally classified squamous cell carcinomas showed a ker- 
atin phenotype reminiscent of adenocarcinomas. We feel 
that future research should look into these keratin pheno- 
types in relation to prognosis. It is quite possible that 
some cervical carcinomas classified as nonkeratinizing 
carcinomas would, on the basis of keratin expression pat- 
terns, be better classified as adenocarcinomas. Keratin 
immunophenotyping of a cervical carcinoma may be- 
come useful in the differential diagnosis of cervical non- 
keratinizing carcinoma and poorly differentiated adeno- 
carcinoma. 

The most interesting observations in this study were 
the significant differences between known keratin ex- 
pression patterns previously observed in frozen tissues 
and those observed in formalin fixed paraffin embedded 
tissues. The observation that modifications to staining 
procedures often enhanced our results considerably, or 
gave positive results where they had previously been 
negative, indicate that caution is necessary when inter- 
preting immunohistochemical results, and one should 
take into account the immunohistochemical procedures 
used. 

In differential diagnostic considerations keratin phe- 
notypes have been shown to be of some value in the dif- 
ferentiation of different types of carcinomas. For exam- 
ple, immunostaining for keratin 10 may distinguish a 
keratinizing carcinoma, from a nonkeratinizing carcino- 
ma even in the absence of morphologically evident kera- 
tinization. As the keratinizing carcinoma is considered to 
have a poorer prognosis by some [24], investigations into 
the relationship between keratin expression and the prog- 

nosis of squamous cell carcinoma seem necessary. Kera- 
tin 7 has been shown to distinguish between adenocarci- 
noma of the cervix, which is positive, and adenocarcino- 
ma of the colon, which is negative. When the antibody 
OV-TL 12/30 is used, mesothelioma can be distinguished 
from certain carcinomas, which may be especially im- 
portant in cytologic preparations [1]. The observation 
that the keratin staining patterns of the different types of 
carcinomas in paraffin sections were less complex and 
differences more pronounced than observed in frozen tis- 
sue sections, can be advantageous to the classification of 
cervical carcinomas on the basis of these keratin staining 
patterns. For instance, keratin 8 is not detectable in par- 
affin embedded, keratinizing carcinomas, while it is usu- 
ally detected in the nonkeratinizing variety. 

These differential staining characteristics therefore 
make the set of monoclonal keratin antibodies described 
here applicable in routine diagnostic pathology. 

Based on individual keratin expression patterns it is 
possible to classify the various types of cervical cancer 
more accurately. This new classification scheme in 
which the keratin phenotype is important in determining 
the exact classification of the carcinoma, could then be 
correlated to the clinical variables of individual patients. 
In this way it may be possible to relate differentiation, as 
indicated by keratin expression, to the biological behav- 
iour of the tumour. Recent studies into the presence of 
vimentin in cervical adenocarcinoma have shown that 
expression of this intermediate filament protein in the tu- 
rnout cells is related to a poorer prognosis [19]. 

Another question with important practical implica- 
tions is whether or not it is possible to distinguish a 
group of patients with progressive CIN lesions. As we 
have pointed out, a subgroup of CIN lesions expresses 
keratins 8, 18 and 17. We are investigating whether or 
not this group of patients have a progressive lesion, by 
comparing keratin patterns to human papillomavirus ex- 
pression or the presence of certain oncogenes. 
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