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Immunohistochemical Detection of Retinoid Receptors in Tumors
from 30 Dogs Diagnosed with Cutaneous Lymphoma

C.H. de Mello Souza, V.E.O. Valli, K.A. Selting, M. Kiupel, and B.E. Kitchell

Background: Retinoids exert their effects by binding to retinoid receptors. Two types of retinoid receptors have been de-
scribed: retinoic acid receptor (RAR) and retinoid X receptor (RXR), and their subtypes o, B, and y. The expression of subtypes
varies depending on the disease process. This study intended to detect the pattern of retinoid receptor expression in cutaneous

lymphomas in dogs.

Hypothesis: Cutaneous lymphomas in dogs have variable expression of retinoid and retinoid X receptors.

Animals: Biopsy specimens from 30 dogs with cutaneous lymphoma.

Methods: Tissues of dogs with cutaneous lymphoma were evaluated by immunohistochemistry for expression of retinoid
receptors. The tissues were tested for the presence of 3 RAR and RXR subtypes (o, B, and y). Lymphoma immunophenotype
was determined by the use of the immunohistochemical markers CD79a (B-cell) and CD3 (T-cell) in all cases.

Results: Twenty-nine of 30 dogs were CD3 positive. The retinoid receptors expressed with the greatest frequency were
RARB (87% of cases), and RXRa and RXRy (77% of cases). The expression of RARY was not observed.

Conclusions and Clinical Relevance: Retinoid and rexinoid receptor binding drugs may have an impact on the treatment of

dogs with cutaneous lymphoma.
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etinoids are natural or synthetic derivatives of vita-

min A that exert profound effects on the growth and
differentiation of many cell types both in vivo and in
vitro. Retinoids are essential for epithelial differentia-
tion; they have been demonstrated to induce growth
inhibition and cell cycle arrest in cancer cells by induc-
tion of terminal differentiation and apoptosis." These
effects occur through interaction with specific retinoid
nuclear receptors that are part of the steroid superfamily
of nuclear receptors.>* Retinoid receptors function as
ligand-dependent transcription factors, and retinoid
binding and activation of the receptor is followed by
transcription of responsive genes. Retinoid receptors are
divided into 2 families: the retinoic acid receptors
(RARs); and the retinoid X receptors (RXRs, also called
rexinoids). Each family has 3 receptor subtypes (o, B, and
v), with multiple isoforms and specific genes that encode
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Abbreviations:

ATRA all-trans retinoic acid
CTCL cutaneous T-cell lymphoma
MCT mast cell tumors

MF mycosis fungoides

RAR retinoic acid receptor

RXR retinoid X receptor

SCC squamous cell carcinoma
RARa sc-551 and blocking peptide (BP) sc-551P
RARB sc-552 and BP sc-552P
RARy sc-7387 and BP sc-7387P
RXRa sc-553 and BP sc-553P
RXRB sc-831 and BP sc-831
RXRy sc-555 and BP sc-555P.

each of them. In the physiologic setting, the natural diet-
derived retinoids (all-trans retinoic acid [ATRA] and 9-
cis-retinoic acid [9-cis-RA]), have different binding affin-
ities to the receptors. Specifically, ATRA and 9-cis-RA
bind RAR, but only 9-cis-RA binds RXR.>™ Because
both therapeutic and adverse effects vary depending on
the class and subtype of receptor bound, a variety of new
synthetic retinoids with exquisite isoform specificity are
under investigation.®

Retinoids suppress premalignant lesions such as oral
leukoplakia, cervical dysplasia and xeroderma pigmento-
sum in people, and actinic keratosis in dogs.'*’
Retinoids have been used successfully in people as
single agent therapy in the treatment of promyelocytic
leukemia, juvenile chronic myelogenous leukemia, and
cutaneous lymphoma.>** ! When administered in con-
junction with interferon-a2A, retinoids aid in the
treatment of human squamous cell carcinoma (SCC) of
the skin and uterine cervix, and renal carcinoma. Admin-
istration of retinoids can inhibit the development of
second primary cancers after treatment of SCC of the
head and neck, lung tumors, and hepatic carcinomas.>® !
Retinoic acid induces differentiation of thyroid
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carcinomas, leading to increased radiation sensitivity
to 131 12.13

In dogs, retinoids have been used in dermatology as a
differentiation agent for cases affected by actinic kerato-
sis, sebaceous adenitis, and benign pilomatrixomas.7‘l4’15
Few studies have demonstrated the effects of retinoids
in canine cancer. Fourteen dogs with cutaneous lym-
phoma were treated with isotretinoin or etretinate, with
reported clinical response rate of 42%.'® Natural retinoids
(ATRA and 9-cis-RA) induce differentiation, growth in-
hibition, and apoptosis in canine osteosarcoma cells.'” 2!
In addition, mast cell tumor (MCT) cell lines express ret-
inoid receptors and that the level of expression of RARa
mRNA correlates well with growth inhibition caused by
ATRA.**?* With development of synthetic retinoids,
specific receptor targeting has led to superior results in
both cancer prevention and treatment in human medi-
cine. Additional understanding of the pattern of retinoid
receptor expression suggests that specific retinoid recep-
tor interacting agents may enhance responses in canine
cancer patients. Retinoid receptor expression has been
evaluated in canine nodal lymphomas, benign lymphoid
hyperplasia, and normal lymph nodes. This study
showed that nonneoplastic lymphoid tissue did not ex-
press retinoid receptors, while lymphomas had strong
expression.**

Materials and Methods

The choice of antibodies used in our study was based on a pre-
vious work by Mori et al,”® in which a Cy3-labeled IgG
immunoflorescence was used to detect retinoid receptor expression
in murine tissues. In order to confirm any similarities in the staining
pattern of mice and dogs, we developed a protocol for immunohis-
tochemistry and compared the pattern of retinoid receptor
expression (RARa, B, and y and RXRa, B, and y) in different re-
gions of the retinas of neonatal mice and pups as fully described
below. The retinas of murine pups from several litters were formalin
fixed and trimmed to serve as positive controls and as a standard for
retinal region staining. The retinas of canine pups from several lit-
ters were prepared in the exact same manner. Slides were incubated
for 30 minutes and trial dilutions of the primary antibodies were
performed at 1:10, 1:50, and 1:100. Formalin fixed, paraffin em-
bedded 3um in thickness unstained slides were prepared from
paraffin blocks for immunostaining with all markers. Heat-induced
antigen retrieval was used before antibody staining by heating the
slides to 125°C for 30 seconds, followed by 95°C for 10 seconds in
citrate buffer at pH 6. Endogenous peroxidase was blocked with 3%
hydrogen peroxide for 15 minutes. Nonspecific immunoglobulin
binding was blocked by incubation of slides for 10 minutes with a
protein blocking agent and allowed to react for 30 minutes at room
temperature before application of the primary antibody. Secondary
antibody was then applied and slides were incubated for 20 minutes.
The sections were stained in a Biogenix autostainer.® The antibodies
used were: RARa C-20 and RARP C-19 (rabbit polyclonal); RARYy
G-1 (mouse monoclonal); RXRa D-20, RXRB C-20, and RXRy Y-
20 (rabbit polyclonal).® For the negative controls, specific blocking
peptides were added to each antibody (25 uL of blocking peptide to
5uL of antibody) and incubated for 2 hours before dilution.® The
Supersensitive kit (streptavidin-biotin system) was used for all anti-
bodies.* Immunoreaction was visualized with 3,39-diaminobenzidine
substrate. Final dilutions were RARa (1:100), RAR (1:100), RARYy
(1:75), RXRa (1:100), RXRB (1:100), and RXRy (1:100). Finally,
slides were counterstained with hematoxylin for 1 minute, rinsed in

water, dehydrated, and mounted. Our study showed that the distribu-
tion pattern of retinoid receptors in different areas of the retina of the
mouse paralleled the descriptions of Mori et al.>> In addition, re-
ceptor localization in the retinas of pups and neonatal mice was
similar, considering the anatomical differences between the 2 spe-
cies. Briefly, consonant to the data shown by Mori et al,?® our pilot
study showed that strong staining compared in mice and pups in the
following regions: the neural retina was positive for RARo, RARS,
RXRa, RXRB, and RXRy; the retinal pigment epithelium was pos-
itive for RARa, RARP, RXRa, RXRp; the mesenchyme was
positive for RARy and RXRy (Fig. 1).

For this retrospective study, hematoxylin and eosin-stained slides
and paraffin blocks from 30 consecutive cases diagnosed between
1998 and 2001 with cutaneous lymphoma were retrieved from the
archives of IPEV (Toledo-Piza, Rio de Janeiro, Brazil) and the pa-
thology laboratory of the Veterinary Teaching Hospital of the
University of Illinois. Immunophenotyping for B and T-lym-
phocytes was performed. Antibodies used for immunohistochemis-
try included the T-cell marker CD3 (polyclonal-mouse anti-human)
and the B-cell marker CD79a (monoclonal-mouse anti-human).©
The primary antibodies and the protocol used for detection of ret-
inoid receptors were the same as in our initial study described above.
One pathologist reviewed all the slides (VEOV) in order to confirm
the diagnosis of cutaneous lymphoma. Formalin fixed, paraffin em-
bedded 3 pm in thickness unstained slides (15 from each case) were
prepared from all blocks for immunostaining for all markers.
Immunohistochemical analysis was performed by routine Biotin-
streptavidin-immunoperoxidase amplified detection system as de-
scribed previously, with minor changes as described above.>*?” For
CD3 and CD79a, normal lymph nodes were used as controls. For
retinoid receptors, neonatal murine eyes were used as positive con-
trols due to limited availability of retinas from pups and based on
the results of our protocol development. Blocking peptides specific
to each retinoid receptor were used as described above for negative
controls. The immunostaining for retinoid receptors had to be
strong in the nucleus of the cell in order for the sample to be con-
sidered positive.

Results

The majority of animals in our population were of
mixed breeds (17/30 cases). Great Danes (3 cases) and
German Shepherd, Rottweiler, and Cocker Spaniel (2
cases each) were the pure breeds affected most fre-
quently. The mean and median age for dogs affected
was 8 years (range from 3 to 12 years). The majority of
cases (25/30) were diagnosed as nonepitheliotropic lym-
phoma. Epitheliotropic lymphoma was diagnosed in the
remaining 5 cases.

CD3+ T-cell lymphoma was diagnosed in 29 cases.
Only one case of CD79a+ B-cell lymphoma (nonepith-
eliotropic) was detected. Strong immunoreactivity for
retinoid receptors was detected in 29 cases (Fig. 2a). One
case was negative for all receptors. The number of recep-
tor subtypes determined to be positive per tumor were: 1
receptor (7%), 2 receptors (17%), 3 receptors (48%), 4
receptors (14%), and 5 receptors (14%). From the cases
that expressed 3 receptors, 64% expressed a combination
of RARB, RXRa, and RXRy. RARPB was most com-
monly expressed (87% of cases) followed by RXRa and
RXRy (77% each), RXRp (70%), and RARa (37%).
None of the cases tested was positive for RARY (Table 1).
Overall, retinoid receptor expression in positive cases oc-
curred in the majority of the cells (>60%). Most cases had
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Fig 1. Mouse (a) and dog (b) retinas (positive controls). Immunohistochemistry showing positivity for RXR-a at the ganglion cell layer ()

and inner nuclear layer (A). Bar=80 um.

Fig 2. Dog skin CTCL. RXRa stain. (a) Note that the stain
closely follows the infiltration pattern of lymphocytes sparing areas
of fat at the bottom. (b) Detail of Fig. 1a. High proportion of nuclei
show positive staining for RXRa.. Some also show mild cytoplasmic
staining.

massive infiltration of neoplastic cells and normal ele-
ments of the skin were not seen. When normal epithelium
was present, well-differentiated cells were mostly negative.
Retinoid receptor staining was strong in the nucleus of the
cells, but occasionally, mild cytoplasmic staining was also
seen. Staining restricted to the cytoplasm was not seen in
any case (Fig. 2b).

Discussion

The majority of the cutaneous lymphomas in this
study had strong retinoid receptor expression and as ex-
pected, most of them were T-cell lymphomas. The
pathologic diagnosis of cutaneous lymphoma comprises
a variety of different histologic criteria, and at least in
humans, a large number of well-characterized clinical en-
tities. Both B- and T-cell lymphomas occur in the skin,
and cutaneous T-cell lymphomas (CTCL) are by far the
most common cell type reported.”® ** Twenty-nine of 30
of our cases stained positive for CD3. The majority of
our cases were diagnosed as nonepitheliotropic lym-
phoma. Mycosis fungoides (MF) has been described as

Table1. Frequency of retinoid receptor expression.

) ) Retinoid Receptor
Diagnosis
(#ofcases) RARa RARPB RARy RXRa RXRp RXRy
Mf (5)* 3 4 0 4 4 4
CTCL (24)° 8 21 0 18 16 18
CBCL (1)° 0 1 0 1 1 1
N/% 1137 26/87  0/0  23/77 21/70 2377

“Mycosis fungoides/epitheliotropic lymphoma.
®Cutaneous T-cell lymphoma/nonepitheliotropic lymphoma.
“Cutaneous B-cell lymphoma.
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the most common form of cutaneous lymphoma in hu-
mans and dogs, and in some reports the term is used as a
synonym for cutaneous lymphoma.* In our report, only
cases that demonstrated clear epitheliotropism (sub-
epidermal and peri-adnexal infiltration by neoplastic
lymphocytes) were diagnosed as MF. The presence of
Pautrier microabcesses (small interepidermal clusters of
neoplastic cells surrounded by a clear halo) was also re-
quired for the diagnosis of MF.%0:33-3¢

Only 1 case series demonstrated a greater frequency of
epitheliotropic over nonepitheliotropic lymphomas.®> A
feature that seems to distinguish canine from human MF
is adnexal gland tropism, which is observed more com-
monly in dogs. In our case series, periadnexal neoplastic
lymphocytes were commonly found in the MF cases.
Nonepitheliotropic lymphomas do not show this pattern
of tumor cell distribution.*>>® Although most tumors
were diagnosed in advanced stages, and while epithelio-
tropism was not a distinct feature, it has been previously
reported that epitheliotropism remains even in dogs with
advanced local tumor stages of disease. >> In contrary,
epitheliotropism has also been reported to be more or
less obvious depending on stage of disease.>* Because the
majority of cases came from Brazil, a regional difference
in tumor distribution is possible. A regional difference in
disease type has not been reported.

Most patients affected by cutaneous lymphoma are
older. The mean age at presentation in our study was 8
years. The majority of dogs included in our study were
mixed breeds. Although breed predisposition has been
suggested (English Cocker Spaniel, Poodle, and Boxer),
only 1 study found Weimaraners and Airedales to be
predisposed to cutaneous lymphoma when compared
with that study’s hospital population.?-333%

Retinoid receptor expression was demonstrated in
29/30 cases and only 1 receptor (RARY) was not positive
in any case. Previous optimization of the IHC steps for all
the receptors including RARY (positive in both mice and
dog retina) suggests that canine cutaneous lymphomas do
not express RARY. Despite this fact, a methodology error
such as unsuccessful antigen retrieval in slides stained by
RARY antibody cannot be completely ruled out. In all
positive cases, the staining in the nucleus was strong
and none of the cases had the staining restricted to the
cytoplasm. In addition to the nuclear staining, mild cyto-
plasmic staining was seen occasionally. Retinoid receptors
are in general located in the nucleus, but aberrant sub-
cellular staining has been reported in oral SCC, thyroid,
and renal carcinoma and staining location has been asso-
ciated with prognosis and survival.** *! The importance of
retinoid receptor subtype in cancer is underscored by
studies demonstrating that variation in the expression of
some of them is associated with malignant progression,
stage of disease, biologic behavior, response to treatment,
and overall survival. This has been demonstrated in a va-
riety of carcinomas, such as lung, head and neck, ovary
and thyroid, and cutaneous lymphomas in people.® * A
recent study showed that retinoid receptor expression is
negative in normal canine lymph nodes. In that same
study, strong retinoid and rexinoid receptor expression
was detected in B- and T-cell canine lymphomas.** It

seems reasonable to expect that retinoid receptor expres-
sion is either the cause or the consequence of lymphocyte
malignant transformation and these receptors may serve
as new diagnostic and therapeutic intervention targets.
MCT cell lines from dogs expressed RAR and RXR
mRNA and in addition, higher levels of RARa were as-
sociated with greater growth inhibitory effect of
ATRA.?>% As shown in Table 1, RARB, RXRa, and
RXRy were most frequently expressed in cutaneous lym-
phomas in dogs. This combination may have implications
in relation to tumor behavior, response to therapy, and
overall survival and it should be further investigated. A
recent study revealed that the combination of positive
RARa and negative RARP had a 91% predictive value
for benign thyroid lesions.*' In people, the use of specific
ligands for RXR, such as the drug bexarotene (Targretin),
has been associated with improved responses in CTCL,
and clinical benefits from this drug have also been ob-
served in metastatic breast cancer trials.**>" The same
may be proven true in canine CTCL and other forms of
canine cancer. Furthermore, the use of specific retinoid-
receptor binding drugs, such as the experimental RARf
synthetic analog fenretinide, has been shown to be more
effective and less toxic than isotretinoin (Accutane) in hu-
mans.”’ Detection of patterns of retinoid expression in
cutaneous lymphoma may lead to a more firm rationale
for the use of classic and novel retinoid analogs in veter-
inary medicine. In addition, patterns of expression can be
associated with tumor behavior and response to therapy
as shown in some cancers in people and this should be
further investigated.

Limitations of the current study include the fact that
ITHC does not detect receptor activity, but only the pres-
ence of the receptor itself. The majority of our cases were
classified as nonepitheliotropic LSA. For this reason, the
retinoid receptor pattern detected in our study may vary
when larger number of cases of M. fungoides is analyzed.

Conclusions

In this study, we demonstrated that canine cutaneous
lymphoma has variable expression of RAR and RXR re-
ceptors, as hypothesized. The presence of these receptors
paves the way for further studies. In future studies, the
presence of specific retinoid receptors and combination of
receptors should be evaluated to detect response to ret-
inoid therapy, correlations with response to chemother-
apy, and any influence on prognosis. The high expression
of the RARP, and RXRa and RXRy isoforms, indicates
that these forms in particular may be suitable targets for
therapy of canine cutaneous lymphoma.

Footnotes

4 Biogenex, San Ramon, CA

®Santa Cruz Biotechnology Inc, 2161 Delaware Ave, Santa Cruz,
CA

¢ Dako-Cytomation, Carpinteria, CA




1116 de Mello Souza et al

Acknowledgments

The authors thank Mrs Jane Chladny, of the Diagnos-
tic Laboratory of the University of Illinois, for preparing
the slides and for performing the immunohistochemical
staining of these samples.

Conflicts of interest: None.

References

1. Klaassen I, Braakhuis BJM. Anticancer activity and mecha-
nism of action of retinoids in oral and pharyngeal cancer. Oral
Oncol 2002;38:532-542.

2. Altucci L, Leibowitz MD, Ogilvie KM, et al. RAR and RXR
modulation in cancer and metabolic disease. Nat Rev Drug Discov
2007;6:793-810.

3. Altucci L, Gronemeyer H. The promise of retinoids to fight
against cancer. Nat Rev Cancer 2001;1:181-193.

4. Lippman SM, Lotan R. Advances in the development of re-
tinoids as chemopreventive agents. J Nutr 2000;130:479S-482S.

5. Fields AL, Soprano DR, Soprano KJ. Retinoids in biolog-
ical control and cancer. J Cell Biochem 2007;102:886-898.

6. Fontana JA, Rishi AK. Classical and novel retinoids: Their
targets in cancer therapy. Leukemia 2002;16:463-472.

7. Marks SL, Song MD, Stannard AA, Power HT. Clinical eval-
uation of etretinate for the treatment of canine solar-induced SCC
and preneoplastic lesions. J Am Acad Dermatol 1992;27:11-16.

8. Zhang C, Duvic M. Retinoids: Therapeutic applications and
mechanisms of action in cutaneous t-cell lymphoma. Derm Ther
2003;16:322-330.

9. Dragnev KH, Rigas JR, Dmitrovsky E. The retinoids and
cancer prevention mechanisms. The Oncologist 2000;5:361-368.

10. Sun SY, Yue P, Mao L, et al. Identification of receptor-
selective retinoids that are potent inhibitors of the growth of human
head and neck squamous cell carcinoma cells. Clin Can Res
2000;6:1563-1573.

11. Wang ZY, Chen Z. Acute promyelocytic leukemia: From
highly fatal to highly curable. Blood 2009;111:2505-2515.

12. Schmutzler C, Kohrle J. Retinoic acid redifferentiation ther-
apy for thyroid cancer. Thyroid 2000;10:393-406.

13. Coelho SM, Vaisman M, Carvalho DP. Tumour re-differen-
tiation effect of retinoic acid: A novel therapeuthic approach for
advanced thyroid cancer. Curr Pharm Des 2005;11:2525-2531.

14. White SD, Rosychuck RA, Scott KV, et al. Sebaceous ad-
enitis in dogs and results of treatment with isotretinoin and
etretinate: 30 cases (1990-1994). J Am Vet Med Assoc
1995;207:197-200.

15. Toma S, Noli C. Isotretinoin in the treatment of multiple be-
nign pilomatrixomas in a mixed-breed dog. Vet Dermatol
2005;16:346-350.

16. White SD, Rosychuck RAW, Scott KV, et al. Use of is-
otretinoin and etretinate for the treatment of benign cutaneous
neoplasia and cutaneous lymphoma in dogs. J Am Vet Med Assoc
1993;202:387-391.

17. Barroga EF, Kadosawa T, Asano K, et al. Apoptosis induc-
tion of POS canine osteosarcoma cells by vitamin D and retinoids.
J Vet Med Sci 1998;60:1269-1272.

18. Barroga EF, Kadosawa T, Okumura M, Fujinaga T. Effects
of vitamin D and retinoids on the differentiation and growth in vitro
of canine osteosarcoma and its clonal cell lines. Res Vet Sci
1999;66:231-236.

19. Hong SH, Kadosawa T, Nozaki K, et al. In vitro retinoid-
induced growth inhibition and morphologic differentiation of
canine osteosarcoma cells. Am J Vet Res 2000;60:69-73.

20. Hong SH, Ohashi E, Kadosawa T, et al. Retinoid receptors
and the induction of apoptosis in canine osteosarcoma cells. J Vet
Med Sci 2000;62:469-472.

21. Hong SH, Mochizuki M, Nishimura R, et al. Differentiation
induction of canine osteosarcoma cell lines by retinoids. Res Vet Sci
2000,68:57-62.

22. Ohashi M, Miyajima N, Nakagawa T, et al. Retinoids induce
growth inhibition and apoptosis in mast cell tumor cell lines. J Vet
Med Sci 2006;68:797-802.

23. Miyajima N, Watanabe M, Ohashi E, et al. Relationship be-
tween retinoic acid receptor o gene expression and growth-
inhibitory effect of all-trans retinoic acid on canine tumor cells.
J Vet Intern Med 2006;20:348-354.

24. Souza CH, Valli VE, Fan TM, Vail DM. Detection of ret-
inoid receptor expression in canine normal lymph node and in nodal
lymphoma. Vet Comp Oncol 2004;2:106-107.

25. Mori M, Ghyselinck NB, Chambon P, Mark M. Systematic
immunolocalization of retinoid receptors in developing and adult
mouse eyes. Invest Opthalmol Vis Sci 2001;42:1312-1318.

26. Hsu SM, Raine L, Fanger H. Use of avidin-biotin-per-
oxidase complex (ABC) in immunoperoxidase techniques: A
comparison between ABC and unlabeled antibody (PAP) proce-
dures. J Histochem Cytochem 1981;29:577-580.

27. Teske E, van Heerde P, Rutteman GR, et al. Prognostic fac-
tors for the treatment of malignant lymphoma in dogs. J] Am Vet
Med Assoc 1994;205:1722-1728.

28. Wilcock BP, Yager JA. The behavior of epidermotropic lym-
phoma in twenty-five dogs. Can Vet J 1989;130:754-756.

29. Moore PF, Olivry T, Naydan D. Canine cutaneous epith-
eliotropic lymphoma (mycosis fungoides) is a proliferative disorder
of CD8+ T cells. Am J Path 1994;144:421-429.

30. Day MJ. Immunophenotypic characterization of cutaneous
lymphoid neoplasia in the dog and cat. J Comp Path 1995;112:
79-96.

31. Fontaine J, Bovens C, Bettenay S, Mueller RS. Canine cuta-
neous epitheliotropic T-cell lymphoma: A review. Vet Comp Oncol
2009;7:1-14.

32. Magnol JP, Marchal T, Chabanne L, et al. Clinical, mor-
phologic and immunophenotypic data based on 10 cases of canine
mucocutaneous epidermotropic T-lymphoma (analogous to myco-
sis fungoides). Importance of an animal model of spontaneous
pathology. Bull Académ Nat Méd 1996;180:449—462.

33. Fournel-Fleury C, Ponce F, Felman P, et al. Canine T-cell
lymphomas: A morphological, immunological and clinical study of
46 new cases. Vet Path 2002;39:92-109.

34. McKeever PJ, Grindem CB, Stevens JB, Osborne CA. Canine
cutaneous lymphoma. J Am Vet Med Assoc 1982;180:531-536.

35. Beale KM, Bolon B. Canine cutaneous lymphosarcoma:
Epitheliotropic and non-epitheliotropic: A retrospective study. In:
Thrke PJ, Mason SD, eds. Advances in Veterinary Dermatology.
Oxford, MA: Pergamon Press; 1993:273-284.

36. Moore PF, Olivry T. Cutaneous lymphomas in companion
animals. Clin Dematol 1994;12:499-505.

37. Couto CG. Cutaneous lymphomas. Proceedings of the 11th
Kal Kan Symposium 1987;71-77.

38. Risbon RE, de Lorimier LP, Skorupski K, et al. Response of
canine cutaneous epitheliotropic lymphoma to lomustine (CCNU):
A retrospective study of 46 cases (1999-2004). J Vet Intern Med
2006;20:1389-1397.

39. Chakravarti N, Mathur M, Bahadur S, Kumar Shukla N,
Ralhan R. Retinoic acid receptor-alpha as a prognostic indicator in
oral squamous cell carcinoma. Int J Cancer 2003;103:544-549.

40. Buentig N, Stoerkel S, Richter E, et al. Predictive impact of
retinoid X receptor-alpha-expression in renal-cell carcinoma. Can-
cer Biother Radiopharm 2004;18:331-342.

41. Hoftijzer HC, Liu YY, Morreau H, et al. Retinoic acid re-
ceptor and retinoid X receptor subtype expression for the



Retinoid Receptors in Canine Cutaneous Lymphomas 1117

differential diagnosis of thyroid neoplasms. Eur J Endocrinol
2009;160:631-638.

42. Khuri FR, Latan R, Kemp BL, et al. Retinoic acid receptor-
beta as a prognostic indicator in stage I non-small-cell lung cancer.
J Clin Onc 2000;18:2798-2804.

43. Hatoum A, El-Sabban ME, Khoury J, et al. Overexpression
of retinoic acid receptors alpha and gamma into neoplastic epider-
mal cells causes retinoic acid-induced growth arrest and apoptosis.
Carcinogenesis 2001;22:1955-1963.

44. Gorgun G, Foss F. Immunomodulatory effects of RXR re-
tinoids: Modulation of high-affinity IL-2R expression enhances
susceptibility to denileukin diftox. Blood 2002;100:1399-1403.

45. Kaiser PC, Korner M, Kappeler A, Aebi S. Retinoid recep-
tors in ovarian cancer: Expression and prognosis. Ann Oncol
2005;16:1477-1487.

46. Camacho LH. Clinical applications of retinoids in cancer
medicine. J Bio Reg Hom Ag 2003;17:98-114.

47. Zouboulis CC. Retinoids-Which dermatological indications
will benefit in the near future? Skin Pharm Appl Skin Phys
2001;14:303-315.

48. Zhang C, Divic M. Treatment of cutaneous T-cell lymphoma
with retinoids. Dermatol Ther 2006;19:264-271.

49. Zang C, Hazarika P, Ni X, et al. Induction of apoptosis by
bexarotene in cutaneous T-cell lymphoma cells: Relevance to mech-
anism of therapeutic action. Clin Can Res 2002;8:1234—1240.

50. Esteva FJ, Glaspy J, Baidas S, et al. Multicenter phase 11
study of oral bexarotene for patients with metastatic breast cancer.
J Clin Onc 2003;21:999-1006.

51. Hail. N Jr, Kim HJ, Lotan R. Mechanisms of fenretinide-
induced apoptosis. Apoptosis 2006;11:1677-1694.



