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ABSTRACT
Cervical intraepithelial neoplasia (CIN) I, II, and III
represent a spectrum of premalignant epithelial changes and
are ideal targets for application of chemoprevention strategies. Intermediate end point biomarkers are increasingly
being used as surrogate end points to monitor clinical chemoprevention trials. To identify potential biomarkers in
cervical epithelium, we analyzed the expression of nuclear
retinoic acid receptor (RAR) mRNA by in situ hybridization,
involucrin, cornifin, and transforming growth factors
(TGFs) b1 and b2 by immunohistochemistry in cervical
specimens, which contained adjacent normal epithelium and
CIN lesions from 52 patients. These biomarkers were expressed in all adjacent normal cervical epithelia, whereas all
CIN lesions including CIN I, CIN II, and CIN III exhibited
decreased expression of RAR-a by 55.8%, RAR-b by
64.7%, RAR-g by 54.9%, involucrin by 80.8%, cornifin by
88.5%, TGF-b1 by 89.7%, and TGF-b2 by 85.7%. Viewed
as a whole, these biomarkers were down-regulated in 100%
of the CIN lesions. Because all of these biomarkers can be
modulated in vitro by retinoids, they may serve as intermediate biomarkers for retinoid chemoprevention trials in the
patients with CIN lesions.

INTRODUCTION
Cervical cancer, the second most common malignancy in
women, remains a prevalent health problem for women worldwide (1, 2). Despite the decades-long decline of age-adjusted
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death rates, especially in the United States due to a better
understanding of epidemiological risk, screening by the Papanicolaou smear, and improvements in treatment, it is estimated
that 12,800 new cases of invasive cervical cancer will be diagnosed in the United States, and 4,800 patients will still die of
this disease in 1999 (3). It is, therefore, necessary to continue
searching for novel approaches to combat cervical cancer. One
of these approaches is chemoprevention.
Chemoprevention is an intervention in the carcinogenesis
process by using chemical agents to prevent or delay the progression to cancer (4, 5). CIN3 exhibits various histological
abnormalities including nuclear atypia, loss of polarity, presence
of abnormal mitoses, or lack of differentiation in cervical epithelium, and this lesion has been defined as a precursor of
invasive cervical cancer (6). The lesion is also called squamous
intraepithelial lesion in the Bethesda classification (reviewed in
Ref. 7). In the present study, our goal is to look at progressive
changes as CINs progress to cancer; thus, we use the CIN
terminology subsequently. Empirical evidence from published
and preliminary clinical reports suggest that retinoids, structural
and functional analogues of vitamin A, are effective chemopreventive agents for CINs in vitro and in vivo (8 –18).
Retinoids exert their biological effects by binding to specific nuclear retinoid receptors, which are members of the steroid hormone gene superfamily and ligand-activated, DNAbinding, trans-acting, transcription-modulating proteins. The
nuclear retinoid receptors are divided into RARs and retinoid X
receptors, each of which includes three subtypes, a, b, and g
(19, 20). RARs and retinoid X receptors form either homodimers or heterodimers that bind to a specific DNA sequence, the RA response element, in the promoter regions of
genes to modify the expression of target genes (19). Several
retinoid-regulated genes carrying these response elements in
their regulatory regions have been identified. Each subtype of
nuclear retinoid receptor is thought to regulate the expression of
distinct genes, because the subtypes exhibit specific patterns of
expression during embryonal development and different distributions in adult tissues (19).
For clinical chemoprevention trials, intermediate biomarkers are increasingly being used as surrogate end points to monitor drug efficacy for cancer incidence (21–23). Such biomarkers should be differentially expressed in normal tissue, the
premalignant lesion, and cancer, and most important, they must
be modulated by the chemopreventive agents (21–23). Various
studies have indicated the relevance of quantitative histology,
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biological measures of proliferation, differentiation, and genetic
instability as markers for cervical chemoprevention trials (6,
23). Our previous reports demonstrated that RAR-b might be
useful as an intermediate biomarker for head and neck carcinogenesis and chemoprevention of premalignant oral lesions (24 –
26). To identify new biomarkers for cervical cancer, we analyzed expression of RARs, as well as several differentiation
markers (e.g., involucrin and cornifin), and growth factors
(TGF-b1 and TGF-b2) in adjacent normal tissues and CIN
lesions.

MATERIALS AND METHODS
Surgical Specimens. Tissue samples were obtained from
the Department of Pathology at the University of Texas M. D.
Anderson Cancer Center (Houston, TX) from cervicectomy for
preventive care. The patients had not undergone any previous
treatment. These samples were routinely fixed in 10% buffered
formalin and embedded in paraffin. All of the specimens were
cut into 4-mm-thick sections and stained with H&E for classification. According to our Institutional Review Board protocols,
samples were selected based on histological diagnosis and reviewed by two gynecological pathologists to ensure that both
CIN and adjacent normal tissue were present. The pathologist
E. S. reviewed all of the slides prepared for biomarker assessment and matched the relevant areas for the measurement.
In Situ Hybridization. A method described previously
for nonradioactive in situ hybridization using digoxigeninlabeled antisense riboprobes was used to analyze nuclear retinoid receptors in formalin-fixed, paraffin-embedded histological
sections (27). The quality and specificity of the digoxigeninlabeled probes were determined by Northern blotting, and the
specificity of the binding of antisense riboprobes was verified
by using sense probes as controls (24, 27).
Antibodies. Antibodies against TGF-b1 and TGF-b2
were purchased from Santa Cruz Biotechnology, Inc. (Santa
Cruz, CA). Rabbit-anti-involucrin polyclonal antibody was obtained from Biomedical Technologies, Inc. (Stoughton, MA).
Rabbit-anti-cornifin polyclonal antibody was produced by Dr.
Anton Jetten (National Institutes of Environmental Health Sciences).
Immunohistochemistry. The immunohistochemical localization of involucrin, cornifin, TGF-b1, and TGF-b2 was
performed by a modified ABC technique used by us previously
(28). Control sections were incubated either with normal mouse
IgG instead of primary antibodies or with second antibody only.
These controls were not stained.
Review and Scoring of the Sections. The stained sections were reviewed and scored by five investigators, including
two pathologists using a Nikon multiheaded microscope. The
staining of CIN lesion was always compared with staining of
adjacent normal tissue to assign to one of the following criteria:
less than, greater than, or equal to normal tissue. For statistical
analysis, the McNemar test was performed by using STATISTICS version 3.0a (StatSoft, Tulsa, OK) to determine the association between matched pairs of normal epithelia and CIN
lesions.

RESULTS
Surgical specimens from 52 patients who underwent core
biopsy for preventive care at the University of Texas M. D.
Anderson Cancer Center were used in this study. All of the
samples contained both adjacent normal tissue and CIN lesion.
Specimens from all 52 cases contained normal epithelium, 19
contained CIN I, 28 contained CIN II, 38 contained CIN III
lesions, and 6 contained carcinoma in situ. To analyze the
biomarker expression in CIN lesion, we chose the more severe
CIN lesion to be scored for that case if more than one category
of CIN lesions existed within the case. Consecutive sections of
these samples were analyzed for the expression of RARs, differentiation markers, and TGFs. Fig. 1 shows one example of
consecutive tissue sections, which were hybridized with antisense RARs. The positive signal was located in the cytoplasm.
The sense probes showed no binding (data not shown here).
RAR-a showed no change in CIN I and only a slight reduction
in CIN III, whereas RAR-g showed no change in CIN I, but was
completely lost in CIN III. In contrast, RAR-b showed decreased expression already in CIN I lesions and further reduction in CIN III.
The results of the analysis of all specimens are summarized
in Table 1. The RARs were expressed in all adjacent normal
cervical epithelia, but their expression was reduced in the lesions, including CIN I, CIN II, and CIN III for RAR-a in 55.8%,
RAR-b in 64.7%, and RAR-g in 54.9% of these cases.
Fig. 2 shows adjacent consecutive tissue sections that were
stained with involucrin, cornifin, TGF-b1, and TGF-b2 by
immunohistochemistry. The positive signal was seen in adjacent
normal tissues but dramatically decreased or disappeared in CIN
lesions for all these markers analyzed. Table 1 shows that the
levels of differentiation markers and TGFs were lower than in
normal tissues for involucrin in 80.8%, cornifin in 88.5%,
TGF-b1 in 89.7%, and TGF-b2 in 85.7% of the cases. In
comparison with the adjacent normal epithelium, the decreased
expression of these biomarkers in CIN lesions was statistically
significant (see Table 1). Taken as a whole, the biomarkers were
down-regulated in 100% of CIN lesions.
The expression of these biomarkers was reduced in CIN
lesions compared with adjacent normal epithelium, but CIN
lesions were unnecessary to lose their expression completely;
oftentimes, positive cells still existed in the CIN lesions (see
RAR-b expression in Fig. 1)

DISCUSSION
Retinoids can inhibit the growth of cervical cancer cells
both in vitro and in vivo, and they are also able to reverse CIN
I and CIN II lesions (8 –10, 14, 17, 29). In an animal model,
vitamin A deficiency produces a series of abnormalities in
keratin expression in the cervical epithelia (30), and this might
explain the needs of retinoid for maintenance of normal differentiation in cervical epithelium. These findings suggest that the
physiological level of RA may play an important role in suppression of carcinogenesis of human cells in vivo.
In the present study, we analyzed for first time the expression of RARs and cornifin in normal and premalignant cervical
epithelial tissues. In addition, we also analyzed involucrin, TGFb1, and TGF-b2 in the same specimens. These biomarkers were

Clinical Cancer Research 1505

Fig. 1 Localization of RAR mRNAs in surgical specimens from core biopsy by in situ hybridization. Consecutive sections of formalin-fixed and
paraffin-embedded CIN and its adjacent normal tissue within the same sample were hybridized with RAR-a, RAR-b, or RAR-g antisense by using
digoxigenin-labeled cRNA probes, which results in a positively stained signal located in the cytoplasm.

Table 1 Expression of the biomarkers in adjacent normal epithelia
and CIN lesions
% (positive/total)a
Markers

N . CIN

N 5 CIN

N , CIN

RAR-a
RAR-b
RAR-g
Involucrin
Cornifin
TGF-b1
TGF-b2

55.8 (29/52)b
64.7 (33/51)c
54.9 (28/51)d
80.8 (42/52)c
88.5 (46/52)c
89.7 (26/29)c
85.7 (24/28)c

32.7 (17/52)
27.5 (14/51)
29.4 (15/51)
17.3 (9/52)
5.8 (3/52)
10.3 (3/29)
14.2 (4/28)

11.5 (6/52)
7.8 (4/51)
15.7 (8/51)
1.9 (1/52)
5.8 (3/52)
0 (0/29)
0 (0/28)

a

N, normal epithelium; CIN, including CIN I, II, and III lesions.
McNemar test P , 0.0002 between normal epithelium and CIN.
c
McNemar test P , 0.00001 between normal epithelium and CIN.
d
McNemar test P , 0.0016 between normal epithelium and CIN.
b

all expressed in the adjacent normal epithelium, whereas their
levels decreased in the premalignant lesions, including CIN I,
CIN II, and CIN III. RARs and TGF-b can be up-regulated by
retinoids in vitro and in vivo (11, 31–33). Except for involucrin
and cornifin, which are usually down-regulated by retinoids,

these proteins may be useful as biomarkers of intermediate end
points for clinical retinoid chemoprevention trials in cervical
cancer. Although the analysis is only semiquantitative, it is quite
reliable because the cervical specimens contained both normal
epithelium and CIN lesion(s) in the same section; therefore, the
comparison of expression levels of these biomarkers is accurate.
Altered expression of nuclear retinoid receptors may lead
to carcinogenesis (24, 25, 34). Both ectocervical and endocervical epithelia have been reported to express RARs (35), and
altered expression of RARs, specifically, loss of RAR-b expression, has been demonstrated in cervical cancer cell lines (15,
36 –38). The present study revealed that the expression of all
three RARs was decreased in CIN lesions. This finding
is reminiscent of our findings that expression of RAR-b was
lost in premalignant oral lesion and in head and neck cancers
(24, 25).
Although not so directly related to retinoid activity as their
receptors, the other proteins may play important roles in retinoid
ability to prevent or delay malignant progression. TGF-b is a
potent growth inhibitor for normal and initiated keratinocytes in
vitro (39, 40). Loss of TGF-b expression was associated with
hyperproliferation and a high risk for malignant conversion of
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Fig. 2 Immunohistochemical
detection of involucrin, cornifin, TGF-b1, and TGF-b2 in
cervical specimen from core biopsy. Consecutive sections of a
single paraffin block contained
adjacent normal tissue, and CIN
III were stained with antibodies
against involucrin, cornifin,
TGF-b1, and TGF-b2. Expression of these biomarkers was
lost in CIN III.

skin and skin papilloma (41). In the present study, decreased
expression of TGF-b1 and TGF-b2 was evident in all CIN
lesions. This finding lends further support to a previous report,
which demonstrated that loss of TGF-b1 expression was an
early event in the neoplastic transformation of cervical epithelia
(42). Retinoids, however, induced secretion of latent TGF-b1
and TGF-b2 in normal and human papillomavirus type 16immortalized human keratinocytes (11). Furthermore, infection
with genital HPVs E6 and E7 is of critical importance for the
cellular changes that precede cervical neoplasia as well as other
genital cancers (43). Retinoids can decrease the HPV-immortalized rate of human keratinocytes and modulate the level or
activity of E6 and E7 transforming proteins by either downregulating HPV mRNA expression or inducing TGF-b secretion

in HPV-immortalized cells (11, 36, 44). It would be of interest
to determine whether detection of TGF-b may serve as an
intermediate end point biomarker in clinical trials of retinoid
intervention in cervical carcinogenesis.
The relevance of involucrin and cornifin, which are protein
components of cornified envelopes abundant in the upper spinous and granular layers of the epidermis, is their role as
markers of squamous differentiation (32, 45, 46). We found that
involucrin expression was reduced in CIN lesions compared
with normal epithelia. This is in agreement with previous studies, in which it was reduced in both CIN and cervical cancer (45,
47, 48). Several studies have shown that RA can suppress
squamous differentiation, including the level of involucrin
mRNA and protein (31). Cornifin was recently cloned by Jet-
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ten’s group and its localization was very similar to involucrin in
epidermis (32, 46). The present study is the first to report
down-regulation of cornifin expression in CIN lesions. Like
involucrin, cornifin levels are reduced by retinoids (46).
In conclusion, the present study demonstrated the expression patterns of nuclear retinoic acid receptors, involucrin, cornifin, TGF-b1, and TGF-b2 in CIN lesions and suggested that
some of them might be useful biomarkers in clinical chemoprevention trials in cervical cancer development.
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