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Loss of Retinoic Acid Receptor-B Expression Is an
Early Event during Esophageal Carcinogenesis
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We recently observed that growth inhibition of
esophageal cancer cells by retinoic acid (RA) was as-
sociated with both constitutive expression and RA-
induced up-regulation of RA receptor 3 (RAR-f3). Cell
lines that did not express RAR-f3 were also resistant to
RA. To explore the expression of RAR-B mRNA in
vivo , we analyzed esophageal tissue specimens from
16 normal mucosae, 30 dysplastic lesions, and 157
esophageal tumors by in situ hybridization. RAR-f3
was detected in 88% (14/16) of normal esophageal
tissues and in 96% (96/100) of distant normal esoph-
ageal mucosa from cancer specimens. In contrast,
RAR-f3 was expressed in only 57% (17/30) of dysplas-
tic lesions and in 54% (84/157) of carcinomas. Among
esophageal carcinomas RAR-B mRNA was expressed
in 62% (26/42) of well-differentiated, 54% (27/50) of
moderately differentiated, and only 29% (4/14) of
poorly differentiated SCCs. Our data suggest that the
loss of RAR-f3 expression is an early event associated
with esophageal carcinogenesis and the status of
squamous differentiation. (Am J Pathol 1999,
155:1519-1523)

Retinoids, a group of natural and synthetic analogues of
vitamin A, can modulate cell growth and differentiation in
vitro and in vivo." They have been shown to suppress or
reverse epithelial carcinogenesis and to prevent the de-
velopment of invasive cancer in many animal models for
skin, lung, oral cavity, and esophagus neoplasms.? In the
esophageal mucosa of experimental animals, vitamin A
deficiency induces hyperkeratotic change.® In a Chinese
clinical trial using the synthetic retinoid N-4-(ethoxycar-
bophenyl)retinamide, the incidence of cancer in the treat-
ment group with severe esophageal dysplasia was
43.2% lower than that of the group treated with placebo.*
However, in two other trials in Linxian, China, in which a
combination of vitamin A and other nutrients was given,
results were inconclusive.®® Therefore, further studies of

the retinoid signal transduction pathway are necessary to
understand the potential role of retinoids in esophageal
carcinogenesis and chemoprevention.

Retinoids exert their biological effects by binding to
specific nuclear retinoid receptors that belong to the
steroid hormone receptor superfamily. These receptors
are ligand-activated, DNA-binding, trans-acting, tran-
scription-modulating proteins.” The retinoid receptors in-
clude retinoic acid (RA) receptors (RARs) and retinoid X
receptors (RXRs), each of which includes three subtypes
(a, B, and v).” We recently demonstrated that growth
inhibition of esophageal cancer cell lines by RA was
associated with expression and RA-induced up-regula-
tion of RAR-B. Cell lines that failed to express RAR-B were
resistant to RA, and only these cell lines were able to form
colonies in soft agar.? These findings implied that the in
vivo status of RAR-B expression may be important for the
use of retinoids in chemoprevention and chemotherapeu-
tic clinical trials of esophageal cancer. In this study, we
used in situ hybridization to detect RAR-B expression in
normal, dysplastic, and malignant esophageal tissue
specimens to determine its involvement in esophageal
tumorigenesis.

Materials and Methods

Tissue Specimens

Tissue specimens taken from 16 normal mucosae, 30
moderate or severe dysplastic lesions, and 157 esopha-
geal tumors were obtained from the Cancer Institute and
Hospital of China and Guangzhou Nanfang Hospital,
China, respectively. These specimens included 71 dis-
tant normal squamous mucosae and 29 distant columnar
mucosae. All samples were routinely fixed in 10% buff-
ered formalin, embedded in paraffin, and cut into 4-um
sections. One of each of these sections was stained with
hematoxylin and eosin for classification.
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Table 1. Patient Clinicopathological Characteristics

Dysplastic AC-SCC

Characteristic Normal (N = 16) (N = 30) SCC* (N = 123) AC (N = 29) (N =5)
Age (years)

Median (range) 52 (45-68) 56 (43-68) 57 (28-81) 63 (39-75) 64 (52-66)
Sex

Male 7 (44%) 13 (43%) 95 (77%) 20 (69%) 4 (80%)

Female 9 (56%) 17 (57%) 28 (23%) 9 (81%) 1(20%)
Tumor grade

wD* 42 (34%) 3 (10%)

MD 50 (41%) 14 (48%)

PD 14 (11%) 10 (35%)

Unknown 17 (14%) 2 (7%) 5 (100%)

*SCC, Squamous cell carcinoma; AC, adenocarcinoma; AC-SCC, adenosqguamous cell carcinoma.
WD, MD, and PD: well, moderate, and poorly differentiated tumor, respectively.

In Situ Hybridization

Levels of RAR-«, -B, and -y and RXR-a mRNAs were
measured by using a previously described method of
nonradioactive in situ hybridization.>'® The quality and
specificity of the digoxigenin-labeled anti-sense and
sense riboprobes were determined using Northern blot-
ting, and the specificity of the binding of antisense ribo-
probes was verified using negative control sections.
Briefly, the tissue sections first underwent the treatment
with 0.2 N HCI and proteinase K, respectively, after
deparaffinization and rehydration. The slides were then
postfixed with 4% paraformaldehyde and acetylated in
freshly prepared 0.25% acetic anhydride in a 0.1 mol/L
triethanolamine buffer. The slides were then prehybrid-
ized at 42°C with a hybridization solution containing 50%
deionized formamide, 2X standard saline citrate, 2X
Denhardt’'s solution, 10% dextran sulfate, 400 ug/ml
yeast tRNA, 250 wpg/ml salmon sperm DNA, and 20
mmol/L dithiothreitol in diethylpyrocarbonate-treated wa-
ter. Next the slides were incubated in 50 ul per slide
hybridization solution containing 20 ng of a freshly dena-
tured dig-cRNA probe at 42°C for 4 hours. After that, the
slides were washed for 2 hours in 2X SSC containing 2%
normal sheep serum (NSS) and 0.05% Triton X-100 and
then for 20 minutes at 42°C in 0.1X SSC. For color reac-
tion, the slides were incubated for 30 minutes at 23°C in
0.1 mol/L maleic acid and 0.15 mol/L NaCl (pH 7.5, buffer
1) containing 2% NSS and 0.3% Triton X-100 and then
incubated overnight at 4°C with a sheep anti-digoxigenin
antibody. After washing in buffer 1 twice, the color was
developed in a chromogen solution (45 ul of nitroblue
tetrazolium and 35 ul of an X-phosphate solution in 10 ml
of buffer 2, which consisted of 0.1 mol/L Tris, 0.1 mol/L
NaCl, and 0.05 mol/L MgCl, (pH 9.5) for 4 hours with

occasional observation for color development. The slides
were then mounted with a coverglass in Aqua mounting
medium (Fisher, Houston, TX).

Review and Scoring of Sections

The stained sections were reviewed and scored indepen-
dently by two pathologists (H.Q., X-C. X.) with an Olym-
pus microscope. The sections were signed as positively
or negatively staining. The positive staining means 10%
or more epithelial cells stained positive. Statistical analy-
sis was performed using the chi-squared (x°) test to
determine the association between normal or distant nor-
mal tissues and tumors. P values were generated using
Statistica version 3.0a for Macintosh computer (StatSoft,
Tulsa, OK).

Results

Specimens from 16 normal mucosae, 30 moderate to
severe dysplastic lesions, and 157 esophageal tumors
were used in this study (Table 1). The normal mucosae
from 16 subjects were histologically verified and were a
part of a clinical chemopreventive trial in a region of
northern China with a high prevalence of esophageal
cancer. RAR-a, RAR-vy, and RXR-a were expressed in all
16 normal esophageal mucosae; RAR-B was expressed
in 14 of the 16 samples (Table 2 and Figure 1A).
Specimens of dysplastic lesions were obtained from
30 subjects as part of the same chemopreventive trial;
these specimens showed histologically moderate to se-
vere dysplastic changes. RAR-a, RAR-y, and RXR-a
were expressed in most (96-100%) of the specimens,

Table 2. Expression of Retinoid Receptors in Normal, Dysplastic, and Malignant Esophageal Tissues

% (positive/total)

Receptor Normal Distant normal Dysplastic Tumor
RAR-B 87.5 (14/16) 96.0 (96/100) 56.7 (17/30)* 53.5 (84/157)™*
RXR-a 100 (16/16) 100 (100/100) 96.6 (28/29) 97.5 (153/157)

*P < 0.034 by x° test between normal tissues and dysplastic tissues.
TP < 0.009 by x? test between normal tissues and tumor tissues.

#P < 0.00001 by x° test between distant normal tissues and tumor or dysplastic tissues.
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Figure 1. A: Localization of RAR-B and RXR-a mRNAs in consecutive sec-
tions of formalin-fixed and paraffin-embedded surgical specimens from nor-
mal and distant normal tissues as well as esophageal cancers by in situ
hybridization with antisense or sense digoxigenin-labeled riboprobes. B:
Differential expression of RAR-B in well-differentiated and poorly differen-
tiated squamous cell carcinomas of human esophagus by in situ hybridiza-
tion with RAR-B antisense probe.

whereas RAR-B was expressed in only 17 (56.7%) of 30
(Table 2 and Figure 1A).

For the study of receptor expression in esophageal
cancer specimens, we first analyzed 40 cases from
northern and southern China. The preliminary results
showed that RAR-«, RAR-vy, and RXR-«a were expressed
in almost all of these 40 specimens (data not shown). We
therefore decided to exclude RAR-a and RAR-y from
subsequent study and only investigate the expression of
RAR-B and RXR-a (as control) in the 157 tumors. In
distant normal squamous mucosae (N = 71) and distant
columnar mucosa specimens (N = 29) that were also
collected from the 157 patients with tumors, 96% of the
specimens expressed RAR-B. In the 157 tumors them-
selves, RAR-B was expressed in only 84 specimens
(53.5%) (Table 2 and Figure 1). The differences in RAR-B
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Table 3. Positivity of RAR-B in Esophageal Squamous Cell
Carcinomas

Tumor differentiation % (positive/total)

Well-differentiated SCC*
Moderately differentiated SCC
Poorly differentiated SCC

61.9 (26/42)
54.0 (27/50)
28.6 (4/14)

*SCC, Squamous cell carcinoma. P < 0.03 by x° test between well-
differentiated and poorly differentiated SCCs.

expression levels were significant by x° test between
normal and abnormal tissues (Table 2).

We further analyzed RAR-B expression in the three
histological subtypes of esophageal cancer (ie, SCC,
adenocarcinoma, and adenosquamous carcinoma). No
difference in the positivity of RAR-B expression was de-
tected among these subtypes of esophageal cancers.
RAR-B expression, however, was associated with the
degree of squamous cell differentiation: RAR-8 mRNA
was expressed in 62% (26/42) of well-differentiated SCCs
and in 54% (27/50) of moderately differentiated SCCs,
but in only 29% (4/14) of poorly differentiated SCCs. The
degree of squamous differentiation was defined by a
pathologist’s diagnosis in the individual cases and con-
firmed by the authors (H.Q., X-C. X.). The differences in
RAR-B expression were significant between well-differen-
tiated and poorly differentiated SCCs (P < 0.03) (Table 3
and Figure 1B).

Discussion

This is the first detailed and systematic study of RAR-8
expression in normal, distant normal, dysplastic, and ma-
lignant esophageal tissues. We found that RAR-B expres-
sion was lost in nearly 50% of the invasive esophageal
cancers and in 43% of the moderate to severe dysplastic
lesions. These findings are similar to those of our previ-
ous studies of head and neck cancer,®'° non-small cell
lung cancer,'" and breast cancer."? The current findings
in esophageal carcinogenesis expand the earlier results
in other cancers and provide a new insight into the biol-
ogy of carcinogenesis and RAR-B expression. The etiol-
ogy of esophageal cancer in China is very different from
that of all of the other studied cancers. In the United
States, there is a similar etiological association between
tobacco and alcohol use and esophageal and head and
neck cancers. In China, the etiology of esophageal can-
cer seems to be related to profound nutritional deficien-
cies and other factors unrelated to the use of tobacco or
alcohol. Therefore, our current RAR-B findings suggest
that loss of this receptor is a common event across can-
cers of different sites and etiologies. Certain malignant/
premalignant lesions (eg, colon cancer) retain RAR-B
expression; however, this is the most frequently lost ret-
inoid receptor in different epithelial cancers evaluated to
date. Future study should establish the precise impor-
tance of loss of RAR-B in different cancer settings. In
addition, we report for the first time that RAR-B expres-
sion is associated with esophageal squamous cell differ-
entiation. Our previous studies with other cancers®'? did
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not show such an association with degree of squamous
differentiation. This study suggests that loss of expres-
sion of RAR-B is an early event associated with esopha-
geal carcinogenesis and squamous differentiation.

Various studies have clearly demonstrated that altered
expression of retinoid receptors is associated with malig-
nant transformation in human cells.®~'° Altered expres-
sion of RAR-B is a common event in different types of
tumors, including head and neck, lung, and breast tu-
mors,®~'* although lost expression of RAR-a or RAR-y
has also been reported.’”® A recent paper of ours®
showed that the sensitivity of esophageal cancer cells to
RA was correlated not only with the constitutive expres-
sion but also with RA-induced up-regulation of RAR-B.
Cell lines that failed to express RAR-B were resistant to
RA and could form colonies in soft agar. Two recent
clinical trials of 13-cis RA in patients with advanced
esophageal cancer were unsuccessful,’®'” indicating
that loss of RAR-B expression could contribute to resis-
tance to treatment with 13-cis RA in this cancer. These
results suggest that RA chemotherapy of esophageal
cancer may be less effective. Nevertheless, our current
data are suggestive of a potential benefit of RA in pre-
malignant esophageal carcinogenesis, ie, RA chemopre-
vention. We showed that RAR-B is expressed in 96% of
high-risk normal tissue specimens and 57% of dysplastic
lesions. It could be inferred that these and the in vitro data
suggest that RA chemopreventive approaches should
target high-risk populations that express RAR-B.

Retinoids modulate epithelial cell growth and differen-
tiation and suppress carcinogenesis in vitro and in
vivo."=* Physiologically, retinoids can prevent abnormal
squamous differentiation of epithelial cells in nonkera-
tinizing tissues and are able to reverse squamous meta-
plasia that develops during vitamin A deficiency." In an-
imal experiments and clinical trials, retinoids can restore
premalignant and malignant lesions to the normal nonke-
ratinizing phenotype and responsiveness to normal
growth-control mechanisms, thereby suppressing carci-
nogenesis and preventing squamous cell carcinoma de-
velopment.'? These effects may be mediated by RAR-,
because lung cancer cells expressing a transfected
RAR-B exhibited decreased tumorigenicity in nude
mice'® and transgenic mice expressing antisense
RAR-B, developed lung cancer.'®

Although loss of RAR-B expression appears to be a
common event in esophageal squamous carcinomas,
adenocarcinomas, and other cancers,®'° the underlying
mechanism is largely unknown.'® Loss of heterozygosity
on chromosome 3p was detected in only approximately
30% of esophageal cancers,?® and there was no corre-
lation with RAR-B expression (our unpublished data). The
RAR-B gene promoter includes a retinoic acid response
element (RARE) that can be activated by retinoids
through RAR-RXR heterodimers. In a recent study, Liu et
al?' found that the loss of all-trans RA-induced BRARE
transcriptional activation may be responsible for the loss
of RAR-B gene expression. Inactivation of nuclear retin-
oid receptor coactivators or activation of their corepres-
sors may also account for altered expression of RAR-B.
Finally, RAR-B expression is dependent on cellular levels

of RA. Loss of RAR-B expression in premalignant oral
lesions correlated with a low cellular level of RA.22 All to-
gether this indicates that multiple mechanisms may be in-
volved in the loss of RAR-B gene expression, which is an
early event in carcinogenesis in head and neck, lung, and
esophageal tissues and may be a useful intermediate bi-
omarker in chemoprevention studies.
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