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I M M U N O P E R O X I D A S E  S T A I N I N G  
FOR INVOLUCRIN:  
A Potential Diagnostic Aid in 
Cervicovaginal Pathology 

MichaeIJ. Warhol, MD* Donald A. Antonioli, MD, t 
Geraldine S. Pinkus, MD,* Louis Burhe, MD,+~ and Robert H. Rice, PhDw 

Involucrin, a protein subunit of  keratinocyte cross-linked en- 
velopes,  is a distinctive marker for suprabasal differentiation in 
stratified squamous epithelium. Immunoperoxidase staining for 
involucrin was used to evaluate paraffin sections of  tissue ob- 
tained by eolposcopical ly  directed biopsies o f  infectious, meta- 
plastic, and dysplastic lesions o f  the cervix and vagina. Areas o f  
normal squamous epithelium, papillary and flat condyloma acu- 
minatum, and mature and immature squamous metaplasia showed 
positive staining in 99 per cent o f  samples lacking significant in- 
flammation and in 60 per cent of  those with moderate or severe 
inflammation. In contrast, only 19 per cent of  the squamous cell  
dysplasias,  even those without much inflammation, showed posi- 
tive staining, and no area with moderate or severe inflammation 
showed positive staining. These f indings indicate that express ion 
o f  involucrin is modulated by ceIIular pathologic features and 
mieroenvironment.  We suggest that immunoperoxidase  staining 
for involucrin may be useful in dist inguishing mild dysplasia 
from immature metaplasia and flat condyloma in some biopsy 
specimens in which routine histologic examination yields  an in- 
determinate diagnosis.  Hum Pathol 13:1095-1099,  1982. 

The h.istologic evaluation of  colposcopically di- 
rected biopsy specimens is the most practical and ef- 
fective technique currently available for detecting 
squamous intraepithelial neoplasia of  the uterine 
cervix. However, the usefltlness of the teclmique is 
limited by certain inherent difficulties. The interpre- 
tation of cervical dysplasia remains partially subjec- 
tive. Immature squamous metaplasia may be difficult 
to distinguish from dysplasia, and viral infections may 
induce cytologic changes that mimic dysplasia? -4 

Distinctive protein markers of  differentiation in 
squamous epithelium are potentially usefnl in re- 
solving uncertainties in interpretation of  cervical 
biopsy specimens. Matttring cells of human stratified 
squamous epithelia (epidermis, wlgina, esophagus, 
conjunctiva) synthesize immediately beneath the 
plasma membrane a protein envelope stabilized by 
E-(y-glutamyl)-lysine isopeptide cross l inking? a'vl 
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Tiffs envelope, unrelated to keratin, is tim 10-nm- 
thick marginal band visible in electron micrographs? 5 
Invohtcrin is a major structural subunit of this en- 
velopeY hnmunocllemical and biochemical studies in 
both tissue section and cultures of  human squamous 
epithelitun show that invohtcrin is absent from basal 
cells but appears in considerable amounts as the cells 
mature, r-9 Therefore ,  involucrin is a marker for 
squamous epithelium and reflects suprabasal differ- 
entiation. 8 Cultured cells from lmman squamous car- 
cinomas of epidermis and oral cavity are defective in 
envelope synthesis? 6 

The purpose of  tiffs study was to determine tim 
presence and distribution of  involncrin in a variety of 
benign and malignant lesions of  the cervix and vagi- 
na. The obserwttions noted previously suggested that 
immunochenfical staining for involucrin might be 
helpfnl in evahtating tim changes in squamotts epi- 
thelium in surgical specimens. We hypothesized that 
illvolucrin would be detected in normally developing 
squanaous metaplastic cells within the cervical trans- 
formation zone but tlmt this marker would be absent 
fi'om improperly differentiating dysplastic epithelial 
cells. 

M A T E R I A L S  A N D  M E T H O D S  

Biopsy specimens were obtained from patients 
referred to tile Gynecologic-Oncology Clinic at tlte 
Beth Israel Hospital. A complete history was obtained 
from each patient, with particular reference to con- 
traceptive use, pregnancy, and prior cervicovaginal 
surgery or cauterization. A complete gynecologic 
examination, inchtding colposcopy and colpophotog- 
raphy, was performed on all patients, and smears 
were taken fi'om tim endocervical canal and cervical 
portio of each. 

Areas fi'om the cervix and vagina were selected 
for biopsy on the basis of  the colposcopic findings. 
The colposcopic appearances were classified as nor- 
xnal, leukoplakia, aceto-white epithelium, punctation, 
mosaic, and atypical blood vessels, based on standard 
criteria. ~~ Abnormal areas were graded I, II, or III on 
the basis of  increasing severity of change in color, 
surface contour, and vascttlar pattern. Biopsy speci- 
mens from all types and grades of  lesions were eval- 
uated. 

Tim biopsy specimens were fixed in 10 per cent 
neutral buffered formalin and processed routinely 
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T A B L E  1. C L I N I C A L  P R O F I L E  O F  F I F T Y  W O M E N  
F R O M  W H O M  B I O P S Y  M A T E R I A L  W A S  O B T A I N E D  

F O R  S T U D Y  O F  I N V O L U C R I N  

Age: 
Range, 18-61 yr 
Mean, 28 yr 

Contraceptive use: 40 
Oral 34* 
Diaphragm 12* 

(80%) 

History of Pregnancy: 35/48 (73%) 

Prior Therapy to Cervix: 8 
Laser 5 
Cryoprobe 2 
l.aser and Cryoprobe 1 

(16%) 

Reason for Referral to Clinic: 
Abnormal Pap smear or biopsy 45 
Almormal colposcopy 3 
History of  in utero diethylstilbestrol 

exposure 2 

(90%) 

* Use of both oral contraceptives and diaphragm at different 
times in six patients. 

with tim surgical pathology material. Each study 
specimen was step-sectioned and sampled at six 
levels: levels 1, 3, and 5 were s ta ined with 
hematoxylin-eosin, and levels 2, 4, anti 6 were stained 
with immtmoperoxidase for involucrin. 

The rabbit antihuman involucrin used was from 
the salne preparation described and employed previ- 
ously. 9 It was raised against involucrin chromato- 
graphically purified from cultured human epidermal 
cells and shown to be homogeneous in molecular 
weight and isoelectric point by gel electrophoresis. In 
Ouchterlony immtmodiffusion tim antiserum formed 
a precipitin band with as little as 0.2 #m of  purified 
involucrin, whereas specific binding to other proteins 
of  keratinocytes or dermal fibroblasts was not de- 
tectable. No binding to involucrin was detected in 
preimmnne serum or in antisermn absorbed with 
purified envelopes. 

The immunoperoxidase reaction was performed 
as described previously." Paraffin sections were incu- 
bated with rabbit ant ihuman involucrin (dilution 
1:1000) for 30 min, followed by sequential 30-rain 

incubations with swine anti-rabbit immunoglobulin 
antiserum (Dakopatts, Copenhagen, Denmark; US 
distributor: Accurate Chemical and Scientific Corp, 
Westbnry, New York) and peroxidase rabbit anti- 
peroxidase (PAP) immune complexes (Cappel Lab- 
oratories, Cochranville, Pennsylvania). Antibody lo- 
calization was determined on the basis of  peroxidase 
activity, effected by incubation of  the slides with a 
sohltion containing 3,3'-diaminobenzidine tetrahy- 
drochioride (6 mg/10 mi of  0.1-molar tromethamine 
buffer at pH 7.4), and hydrogen peroxide (0.1 ml/ 
10 ml tromethamine buffer). Sections were counter- 
stained with hematoxylin anti dehydrated and mounted 
with Permount.  Control sections substituting pre- 
immune rabbit serum or antihuman involucrin serum 
that had been adsorbed with purified envelopes were 
processed in all cases and were consistently negative. 
Sections of  normal skin were employed as a positive 
control and revealed only suprabasal immunoreac- 
tivity with no background staining. 

Tim hematoxylin-eosin and immunoperoxidase 
sections were examined by two different observers. 
Using standard criteria, "4 the histologic findings were 
classified as normal squamous epithelium; squamous 
metaplasia of  glandular tissue (in endocervix and in 
vaginal adenosis); nonglycogenated squamous mu- 
cosa (representing advanced squamous metaplasia)t2; 
condyloma acuminatum; or cervical intraepithelial 
neoplas ia  (CIN),  subd iv ided  as g r ade  I (mild 
dysplasia), grade II (moderate dysplasia), or grade III 
(severe dysplasia: carcinoma in situ). Specimens were 
classified as indeterminate if the preliminary his- 
tologic findings were equivocal in separating a CIN 
lesion from changes caused by inflammation, con- 
dyloma, or immature metaplasia. The inflammation 
in each biopsy specimen was quantified as 0 to 3+, 
and its location (epithelium, stroma; focal versus dif- 
fuse) and type (polymorphonuclear or mononuclear) 
were noted. 

Immunoperoxidase staining was interpreted as 
present or absent, and the distribution of  suprabasal 
staining was noted with respect to the presence of  
inflammation and intraepithelial neoplasia. Tire re- 
suits of  the histologic evaluation were then compared 
with those of  the immunoperoxidase studies to detect 
correlations. 

T A B L E  2. H I S T O L O G I C  F E A T U R E S  O F  100 B I O P S Y  S P E C I M E N S  

N o t e d  with 
Major or Other  Patholog ic  

Sole  Feature Features Total 
(No. of (No. of No. of  

Specimens) Specimens) Specimens 

Normal squamous epithelium 4 46 50 
hnmatm'e  squanlous metaplasia 26 2 28 
Nonglycogenated mucosa 

0nature metaplasia) 16 3 19 
Condyloma accuminatuna 11 0 i 1 
Cervical intraepithelial dysplasia: 

Grade I 6 1 7 
Grade II 16 0 16 
Grade III 11 0 I1 
Indeterminate I 0 0 10 

To'r,u. 100 52 152 
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TABLE 3. 

IMMUNOPEROXIDASE STAINING FOR INVOLUCR1N--WARUOL ET AL. 

COMPARISON OF HISTOLOGIC FEATURES AND IMMUNOPEROXIDASE RESULTS 
(152 AREAS IN 100 SPECIMENS)* 

N o .  o f  L e s i o n s  in  W h i c h  
Staining for Involucrin was Related to 

Amount of Inflammation 

N o .  o f  Lesions 
Positive 0 and 1 + 2 + and 3 + 

for-Involucrin Inf lammation Inf lammation 

Normal squamous epitheliunl (50 lesions) 46 (92) 40/40 
Condyloma accuminatum (11 lesions) 11 (100) 9/9 
Squamous metaplasial- (47 lesions) 40 (85) 33134 
Indeterminate (10 lesions) 4 (40) 4/8 
Cervical intraepithelial neoplasia, all grades 

(34 lesions) 4 (12) 4/21 

(100) 6/10 (60) 
(I00) 2/2~ (100) 

(97) 7/13 (54) 
(50) 0/2 (0) 

(19) 0/13 (0) 

Torat .  (152 lesions) 105 (69) 90/112 (80) 15/40 (38) 

* Percentages are given in parentheses. 
~ Inch,des immature squamous metal)lasia and nongl)'cogenated mucosa. 
:~ lntla,nmation was 2+ in both cases. 

R E S U L T S  

The clinical profile of  the 50 patients is summa- 
rized in table 1. Of  the 100 biopsy specimens, 90 were 
obtained from the cervix and 10 from the upper  third 
of  the vagina. Table 2 summarizes the predominant 
and incidental histologic lesions in each of  the speci- 
mens. There  were 152 separate areas for which his- 
tologic f indings were to be compared  with im- 
munoperoxidase results. One third of  these areas 
were normal squamous epithelium and served as 
controls. Dysplastic lesions accounted for 22.4 per 
cent of  the areas, 38.1 per cent represented meta- 
plasias and condylomas, and the remaining 6.6 per 
cent were indeterminate on initial evaluation. 

Comparison of  the histologic diagnoses with 
findings on involucrin staining is shown in table 3. 
Normal squamous epithelium (fig. 1), non-neoplastic 
lesions such as flat and papillary condylomas (figs. 2 
and 3), and the various degrees of  squamous meta- 
plasia (fig. 4) showed staining for involucrin with su- 
prabasal distribution, except areas accompanied by 
prominent  inflammation, which characteristically 
was moderate (2+) or severe (3+), was diffuse, con- 
tained neutrophils,  and involved the epithelium. 
Cervical intraepithelial neoplasia was associated with 
negative staining in 81 per cent of  cases (fig. 5). There  
was no significant difference in the percentage of  bi- 
opsy specimens with negative staining among the dif- 
ferent grades of  CIN lesions (grade I, 86 per cent; 
grade II, 88 per cent; grade III, 91 per cent). Staining 
was absent from all CIN lesions accompanied by mod- 
erate or severe inflammation. On chi-square analysis, 
the difference in positive involucrin staining between 
the infectious or metaplastic lesions and the CIN le- 
sions was highly significant (P < 0.001). 

The features of  the ten indeterminate lesions, all 
from the cervix, are summarized in table 4. In two 
cases, specimens 60 and 72, there was difficult)' in 
distinguishing CIN from epithelial atypia associated 
with inflammation. Both cases in which staining was 
scored negative were classified CIN. In the other  
eight cases, which had slight or no inflammation, 

there was difficulty in the differential diagnosis of  tlat 
condyloma or immature squamous metaplasia versus 
CIN. The immunoperoxidase results appeared to be 
at variance with the histologic interpretation in four 
instances (specimens 85, 88, 90, and 93), in three of  
which (specimens 85, 90, and 93) the discrepancy in- 
volved the interpretation of  condyloma-like changes. 

D I S C U S S I O N  

In this stud), we investigated the potential use- 
fulness in cervicovaginai pathology of  immunochem- 
ical staining for the structural protein involucrin, 
particularly in differentiating benign non-neoplastic 
lesions from those with dysplastic features.  Tile 
known chemical and biologic features of  involucrin 
suggested that it might be especially useful for this 
pnrpose. 

In lesions clearly identifiable histologically as 
condyioma acuminatum, staining was strongly posi- 
tive above the basal layer, with distribution and in- 
tensity mimicking that in normal squamotts epithe- 
lium (fig. 3). By this criterion the viral lesions have 
normal cytoplasmic differentiation. Therefore,  in- 
volucrin staining is potentially usefifl in separating 
condylomas from true mild dysplasias (CIN grade I). 
Recent reports have suggested that the majority of  
lesions diagnosed as CIN grade I are, in fact, flat 
condylomas. 2"3 The histologic distinction between the 
two is often difficult, particularly if the basal layer is 
not completely normal and contains enlarged cells or 
cells not in a totally parallel array. Indeed, three of  
our four indeterminate cases involving condyloma- 
tous change had positive staining, suggesting that the 
histologic diagnosis of  CIN grade I was inappropriate. 

Our  data show an 81 per cent correlation be- 
tween the histologic diagnosis of  CIN and lack of  
staining, indicating that immunohistochemical stain- 
ing for involucrin can be of  assistance in distinguish- 
ing neoplastic from non-neoplastic lesions of  the cer- 
vix. The correlation was equally good for all grades of  
CIN, including carcinoma-iu-situ. A small proportion 
of CIN lesions were scored positive for involucrin, 
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) ~  . . . .  o . . Figure 1. (top left). Vaginal mucosa showing normal squamousep- 
ithelium with suprabasal staining for involucrin. (Imnmnoperoxklase 
techniqt,e; hematoxylin cotmterstain. • 

Figure 2. (top right). Cervical biopsy specimen with Hat condyloma 
acuminatum with marked koilocytosis. (Hematoxylin-eosin stain. • 

Figure 3 (middle left). Cervical biopsy specimen with Hat con- 
dyloma showing a normal pattern of  suprabasal staining for involucrin. 
(hnmunoperoxidase technique; hematoxylin counterstain, x 100.) 

Figure 4 (Middle right). Squamous metaplasia with a normal pat- 
tern of  suprabasal staining for involucrin. (Anti-involucrin im- 
nlunoperoxidase technique; henlatoxylin counterstain. • 

Figure 5 (bottom). Cervical biopsy specimen with cervical in- 
t raepithel ial  neoplasia showing no involucrin staining.  (Im- 
mtmoperoxidase technique; henlatoxylin counterstain, x200.) 

~ ; ~  the  o b s e r v a t i o n  tha t  noi ,  e o f  the  dysplas ias  gave  posi- 
r ' , , ' . : . ;<~,,:- .r>,) , - . . - - - / ~ ' ~ o . Z ' - -  - " - ~  " ~ - - -  t i re  s t a in ing  in a reas  o f  i n f l a m m a t i o n  a l t h o u g h  the  
�9 . ~ ' a t , ~ < ' ~ k  "7~  %::  ~ : f ~  ~'~.- . "2 '  ' : ' - , . , . -  ~ majo r i t y  o f  n o n - n e o p l a s t i c  a reas  d id  ( table  3). F u r t h e r  

" . "-w. -" # " : �9 ~,'. " I "-- "'"~," ~.'-" !Al~ :::~_:.. ~,~e . , . . : , . ~ . , , , .  - . - ~ . . .  ; -  r ~ w o r k  will be  r e q u i r e d  to d e t e r m i n e  quan t i t a t ive ly  the  
,~..: , - ~ )  -.-I.,... ; -- �9 . . . .  -- �9 ,) - " d e g r e e  to which  invoh tc r in  synthes is  is defec t ive .  T h e  
. . . . . . . . . . .  ~r ,~: . . . . . .  ~_ , 4  possibil i ty tha t  e x p r e s s i o n  o f  invo lucr in  m a y  cor re la t e  

wi th  cl inical  c o u r s e  m e r i t s  s c r u t i n y .  Ix] t h e  l a rge  
h o w e v e r ,  s u g g e s t i n g  s o m e  variabi l i ty  in e x p r e s s i o n  o f  ma jo r i ty  o f  C I N  lesions,  the  a p p a r e n t  lack o f  invoht-  
the  a n t i g e n  a m o n g  the  dysplasias .  A l t h o u g h  s ta in ing  cr in  is indica t ive  o f  a l t e r ed  d i f f e r en t i a t i on  a n d  is con-  
in tens i ty  is d i f f icul t  to quan t i fy ,  o u r  i m p r e s s i o n  was sis tent  wi th  the  no t ion  tha t  these  cells a r e  neoplas t ic  
tha t  t h e r e  was less s t a in ing  in these  lesions t h a n  in w h e n  the  ear l ies t  lesions a r e  de tec ted .  In  cont ras t ,  
n o n - n e o p l a s t i c  e p i t h e l i n m ,  which  is cons i s t en t  with n o n - n e o p l a s t i c  i m m a t u r e  a n d  m a t u r e  s q n a m o u s  
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TABLE 4. SUMMARY OF FEATURES OF INDETERMINATE SPECIMENS 

Problem in Interpretation Inflammation* 

Staining 
for 

Involucrin Final Histologic Diagnosist 

Specimen 34 hnnmture metaplasia versus CIN II I + Negative CIN 11 
Specimen 43 hnmature metaplasia versus CIN 11 None Positive hnnmture metaplasia 
Specimen 44 hnmature metaplasia versus CIN 11 1 + Negative CIN 11 
Specimen 60 Inflammatory changes versus CIN I 3+ Negative CIN 11 
Specimen 72 Inflammatory changes versus CIN II 3+ Negative CIN 11 
Specimen 85 Flat condyloma versus CIN I 1 + Positive CIN 1 
Specimen 88 hnmature metaplasia versus CIN 11 I + Negative hnmature metaplasia 
Specimen 89 Flat condyloma versus CIN I None Negative CIN 1 
Specimen 90 Flat condyloma versus CIN I 1 + Positive CIN I 
Specimen 93 Flat condyloma versus CIN I 1 + i'ositive CIN I 

Annr~WaTIOX: CIN = cervical intraepithelial neoplasia. 
* 1 +, mild; 2+, moderate; 3+, severe. 
i" Final histologic diagnosis determined without knowledge of resuhs uf staining tbr iuvolucrin. 

metaplas ia  exhibi t  a n o r m a l  c o n t e n t  o f  invo lucr in  as 
well as n o r m a l  d i f fe ren t ia t ion .  

T h e  absence  o f  s ta in ing in reg ions  o f  severe  in- 
f l a m m a t i o n  (fig. 5), an u n e x p e c t e d  observa t ion ,  m a y  
resul t  f r o m  local effects  o f  in t raepi thel ia l  i n f l a m m a -  
tion. I n f l a m m a t i o n  alters the  levels o f  biological ly ac- 
tive molecules  (e.g., pep t ide  h o r m o n e s ,  p ros t ag lan -  
dins) a n d  p r o d u c e s  h ighly  react ive chemica l  species 
(e.g., s u p e r o x i d e  radicals,  h y d r o g e n  peroxide) .  We 
hypo thes ize  tha t  this a l te ra t ion  in the  m i c r o e n v i r o n -  
m e n t  revers ibly affects  express ion  o f  p r o p e r  d i f fe r -  
ent ia t ion .  A n  a n a l o g o u s  ef fec t  on  involucr in  c o n t e n t  
has  b e e n  o b s e r v e d  in c t t l t u red  k e r a t i n o c y t e s  as a 
func t ion  o f  h y d r o c o r t i s o n e  a n d  vi tamin A c o n c e n t r a -  
t ions in the  m e d i u m  (P. R. Cline,  R. H. Rice, u n p u b -  
l ished observa t ions ,  1981). 

I n  evah ta t ing  lesions cha rac t e r i zed  as i nde t e rmi -  
nate  by r o u t i n e  his tologic  e xa m i na t i on ,  i nvo luc r in  
s ta in ing  a p p e a r e d  to be he lp fu l  in s epa ra t i ng  i m m a -  
tu re  metap las ia  f r o m  dysplasia.  A l t h o u g h  its usef ld-  
ness was l imited by the p r e s e n c e  o f  i n f l ammat ion ,  this 
d i f f icul ty  cou ld  be s u r m o u n t e d  in mos t  cases by anti-  
biotic t r e a t m e n t  o f  the  causat ive  microbia l  infect ion,  
with s u b s e q u e n t  r e - examina t ion ,  as is now d o n e  with 
Pap  s m e a r s  a n d  c o l p o s c o p y .  F u r t h e r  p r o s p e c t i v e  
s tudies  o f  i n d e t e r m i n a t e  lesions, us ing  s p e c t r o p h o t o -  
met r ic  analysis o f  D N A  as the  basel ine for  s e p a r a t i n g  
C I N  f r o m  n o n - C I N ,  a re  n e e d e d .  T h e  rou t ine  histo- 
logic f i n d i n g s  a n d  i m m u n o p e r o x i d a s e  s t a i n i n g  o f  
such lesions can  then  be m o r e  precisely re la ted  to the  
t rue  n a t u r e  o f  the lesions a n d  thei r  na tu ra l  his tory.  

I n  conc lus ion ,  this p r e l imina ry  s tudy  o f  involu-  
cr in  was p e r f o r m e d  on  mater ia l  f r o m  pat ien ts  typical  
o f  the  r e fe r ra l  p o p u l a t i o n  o f  the  Gyneco log i c  Onco l -  
ogy  Clinic at  the  Be th  Is rae l  Hospi ta l :  t hey  w e r e  
y o u n g  a n d  sexual ly  active,  a n d  t h e r e  was a h i g h  
p reva lence  o f  con t r acep t ive  use a m o n g  t h e m .  T h e  
a r ea s  c h o s e n  f o r  b iopsy  y i e lded  the  s p e c t r n m  o f  
c o m m o n  m e t a p l a s t i c ,  i n f e c t i o u s ,  a n d  d y s p l a s t i c  
s q u a m o u s  les ions  f o r  h e m a t o x y l i n - e o s i n  a n d  im-  
m u n o p e r o x i d a s e  evaluat ion.  O u r  results  sugges t  tha t  
1) in the  absence  o f  extens ive  i n f l ammat ion ,  involu-  
cr in  is p r e sen t  in the  cervix  a nd  vagina  in n o r m a l  
s q u a m o u s  cells, in i m m a t u r e  a n d  m a t u r e  s q u a m o u s  
metaplas t ic  cells, a n d  in c o n d y l o m a  a c u m i n a t n m ;  2) 
invo lucr in  s ta in ing  is absen t  in the  major i ty  o f  cases o f  
in t raepi thel ia l  neoplas ia ,  even  w h e n  the  dysplas ia  is 

mild; 3) I nvo luc r in  s ta in ing  is o f t en  absent  at sites o f  
in t ense  i n f l a m m a t i o n ;  a n d  4) i m m u n o p e r o x i d a s e  
s ta ining fo r  involucr in  m a y  be usef id  in resolv ing  the  
d iagnos is  o f  lesions tha t  a p p e a r  i n d e t e r m i n a t e  on  
rou t ine  hema toxy l in - eos in  evaluat ion.  

A C K N O W L E D G M E N T S  
The authors thank Dr. Ramzi Cotran for his comments 

and suggestions about the preparation o f  the manuscript. 

R E F E R E N C E S  

1. Ferenczy A: Cervical intraepithelial neoplasia. In Blaustein A 
(ed): Pathol'ogy of the Female Genital Tract. New York, 
Springer-Verlag, 1977 

2. Meisels A, Forta R, Roy M: Condylomatous lesions of tile cer- 
vix. II. Cytologic, colposcopic, and histopathologic study. 
Acta Cytol 21:279, 1977 

3. Meisels A, Roy M, Fortier M, et al: Human papilloma virus 
infections of the cervix. Acta Cytol 25:7, 1981 

4. Richart RM: Cervical intraepithelial neoplasia. Pathol Annu 
3:301, 1973 

5. Green H: Tile keratinocyte as a differential cell type. Harvey 
Lect 74:101, 1980 

6. Matoltsy AG, Balsama CA: A study of the components ofcor- 
nified epithelium of human skin. J Biophys Biochem Cytol 
1:339, 1955 

7. Watt F, Green It: Involucrin syntbesis is correlated with cell 
size in human epidermal cultures. J Cell Biol 90:738, 1981 

8. Banks-Schlegel S, Green H: Involucrin synthesis and tissue 
assembly by keratinocytes in natural and cultured human 
epithelia. J Cell Biol 90:732, 1981 

9. Rice RH, Green H: Presence ill lmman epidermal cells of solu- 
ble protein precursor of the cross-linked envelope: activa- 
tion of tile cross linking by calcium ions. Cell 18:681, 1979 

10. Burke L, Matthews BE: Colposcopy in Clinical Practice. 
Philadelphia, FA Davis Co, 1977 

1 I. Schlegel R, Banks-Schlegel S, Pinkus G: Imlnunohistochemical 
localization of keratin in normal human tissues. Lab Invest 
42:91, 1980 

12. Burke L, Antonioli DA, Rosen S: Cervical and vaginal squam- 
ous cell dysplasia in women exposed to diethylstilbesterol in 
utero. Am J Obstet Gynecol 132:537, 1978 

13. Rice RH, Green H: The cornified envelope of terminally dif- 
ferentiated human epidermal keratinocytes consists of 
cross-linked protein. Cell 11:417, 1977 

14. Sugawara K: Intermolecular cross-links in epidermal differ- 
entiation. In Seiji M, Berstein IA (eds): Biochemistry of 
Cutaneous Epidermal Differentiation. Tokyo, University of 
Tokyo Press, 1977 

15. Green H: Terminal differentiation of cultured human epi- 
dermal cells. Cell 11:405, 197.7 

16. Rheinwald JC, Beckett MA: Defective terminal differentiation 
in culture as a consistent and selectabte character of malig- 
nant human keratinocytes. Cell 22:629, 1980 

1099 




