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Detection of retinoid receptors in non-neoplastic canine lymph nodes 
and in lymphoma

Carlos H. de Mello Souza, Victor E.O. Valli, Barbara E. Kitchell

Abstract — This study evaluated the difference in retinoid receptor expression between non-neoplastic lymph 
nodes and nodal lymphoma in dogs. Retinoid receptor expression was evaluated by immunohistochemistry in 
32  canine lymph nodes. The lymph nodes had been previously diagnosed as non-neoplastic (6 normal and 
7 hyperplastic lymph nodes) and B- and T-cell lymphoma (19 cases). Immunohistochemistry for retinoic acid 
receptors and retinoid-X receptors (and their subtypes a, b, and g) was performed in all cases. In addition, 
immunohistochemistry for CD3 and CD79a was performed in all lymphoma cases. Non-neoplastic lymphocytes 
were negative for all retinoid receptors. Retinoic acid receptor-g was detected in 100% of B-cell lymphoma and 
78% of T-cell lymphoma, while retinoid X receptor-g was positive in 78% of T-cell lymphoma cases. When normal 
lymph node architecture was still present, a contrast between retinoid-negative benign cells and retinoid-positive 
malignant cells was clear. Retinoid receptors were expressed in neoplastic, but not in benign lymphocytes, suggesting 
their value for both diagnosis and treatment of canine lymphoma.

Résumé — Détection des récepteurs aux rétinoïdes dans les ganglions lymphatiques canins non néoplasiques 
et dans les lymphomes. Cette étude a évalué la différence dans l’expression des récepteurs de l’acide rétinoïque 
entre les ganglions lymphatiques non néoplasiques et les lymphomes ganglionnaires chez les chiens. L’expression 
des récepteurs de l’acide rétinoïde a été évaluée par immunohistochimie dans 32 ganglions lymphatiques canins. 
Les ganglions lymphatiques avaient été antérieurement diagnostiqués comme étant non néoplasiques (6 ganglions 
lymphatiques normaux et 7 hyperplasiques) et les lymphomes B et T (19 cas). L’immunohistochimie pour les 
récepteurs de l’acide rétinoïque et les récepteurs X de rétinoïde (et leurs sous-types a, b et g) a été réalisée dans 
tous les cas. De plus, l’immunohistochimie pour CD3 et CD79a a été réalisée dans tous les cas de lymphomes. 
Les lymphocytes non néoplasiques étaient négatifs pour tous les récepteurs de rétinoïde. Le récepteur-g d’acide 
rétinoïque a été détecté dans 100 % des lymphomes B et dans 78 % des lymphomes T, tandis que le récepteur-g 
X de rétinoïde était positif dans 78 % des cas de lymphome T. Lorsqu’une architecture normale des ganglions 
lymphatiques était présente, le contraste entre les cellules bénignes négatives pour la rétinoïde et les cellules malignes 
positives pour la rétinoïde était clair. Les récepteurs de rétinoïde étaient exprimés dans les lymphocytes néoplasiques, 
mais non dans les lymphocytes bénins, suggérant leur valeur pour le diagnostic et le traitement des lymphomes 
canins.

(Traduit par Isabelle Vallières)
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Introduction

L ymphoma (LSA) is the most common hematopoietic malig-
nancy in dogs and the disease most commonly treated by 

chemotherapy (1). Treatment for LSA has been well-documented 
and usually consists of multi-drug chemotherapy regimens. 
Most dogs with multicentric LSA respond to doxorubicin-based 
chemotherapy protocols. Remission rates of . 90% and median 
survival times ranging from 6 to 17 mo have been reported 
(2,3). Survival for dogs treated with doxorubicin-based protocols 
varies from 25% to 50% (1-year survival), and 13% to 27% 
(2-year survival) (3–5). The common induction of multi-drug 
resistance means that most dogs will still die or be euthanized 
after progression of disease. Long-term chemotherapy does not 
prolong survival in humans compared with short-term aggres-
sive protocols. The same seems to be true for canine patients 
with 1 major difference being that the induction protocol is 
usually much more aggressive in humans than it is in dogs (2,3). 
Chemotherapy treatment intensity may be one of the reasons for 
the much higher cure rate in humans than dogs (3–7). Clearly, 
additional methods of therapy are needed to prolong remission 
times in dogs. One of these emerging approaches is the use of 
retinoids (8).

Retinoids are natural or synthetic derivatives of vitamin A 
shown to modulate cell growth, differentiation, and apoptosis 
in vivo and in vitro. Retinoids induce growth inhibition in 
tumor cells by induction of terminal differentiation, cell cycle 
arrest, and apoptosis (8,9). These effects occur through inter-
action with retinoid-specific nuclear receptors which function 
as ligand-dependent transcription factors; retinoid binding 
and activation of the receptor is followed by transcription of 
responsive genes. Retinoid receptors are divided into 2 classes: 
the retinoic acid receptors (RARs); and the retinoid X recep-
tors (RXRs) and their 3 subtypes a, b, and g (8,9). In humans, 
retinoids are used successfully for the treatment of promyelocytic 
leukemia, cutaneous lymphoma, lung and thyroid carcinomas, 
and glioblastomas (8–14).

Variation in retinoid receptor expression occurs in cancer 
and is associated with aggressiveness, response to treatment, and 
overall survival (8,10,11). In dogs, retinoids have been used in 
dermatology as differentiation agents in actinic keratosis, seba-
ceous adenitis, and benign pilomatrixomas (15–16). Few stud-
ies have demonstrated the effects of retinoids in canine cancer. 
In a study of 14 dogs with cutaneous lymphoma treated with 
retinoids as single agents, a clinical response rate of 42% was 
achieved (17). In addition, research in canine mast cell tumor 
(MCT) cell lines revealed that these cells expressed retinoid 
receptors and the level of expression of RARa mRNA corre-
lated well with growth inhibition caused by all-trans retinoic 
acid (ATRA) (18,19). Furthermore, concentration-dependent 
cell death was achieved at micromolar levels of retinoid-treated 
MCT cell lines from grade II and III tumors (20). With the 
development of synthetic retinoids, specific receptor targeting 
has led to superior results in both cancer prevention and treat-
ment in human medicine (8,11). The understanding of the 
pattern of retinoid receptor expression in canine lymph nodes 
may also lead to the use of specific receptor interacting agents to 

enhance responses in dogs with LSA. This study was conducted 
to evaluate the expression of retinoid receptors in lymph nodes 
of dogs. We hypothesized that the expression of retinoid recep-
tors varies from non-neoplastic lymph nodes to lymphoma and 
between B- and T-cell lymphoma.

Materials and methods
Formalin-fixed paraffin embedded biopsy specimens from cases 
of lymphoma and lymphoid hyperplasia used in this study were 
consecutive cases retrieved from the archives of the University 
of Illinois, College of Veterinary Medicine. Lymph nodes from 
cases diagnosed with lymphoid hyperplasia had follow-up of 
12 mo. Dr. David M. Vail from the University of Wisconsin-
Madison College of Veterinary Medicine graciously provided 
the normal lymph nodes. Anti-human antibodies were used 
for retinoid receptor detection in our study. All antibodies are 
indicated by the manufacturer to react against human and mice 
retinoid receptors. Some of them, RARb, RXRb, and RXRg are 
described to also react against canine retinoid receptors [Santa 
Cruz Biotechnology, Santa Cruz, California, USA, RARa: 
sc-551 and blocking peptide (BP) sc-551P; RARb: sc-552 and 
BP sc-552P; RARg: sc-550 and BP sc-550P; RXRa: sc-553 
and BP sc-553P; RXRb: sc-831 and BP sc-831; RXRg: sc-555 
and BP sc-555P]. These antibodies were chosen based on a study 
by Mori et al (21) and a previous study from our laboratory, 
in which we confirmed that rabbit antibodies against retinoid 
receptors cross react with canine tissue (22). In addition, 
we performed an amino acid homology search [BLAST pro-
gram, National Center for Biotechnology Information (NCBI), 
Bethesda, Maryland]. This search revealed a high degree of 
homology between all human and canine retinoid receptor pro-
teins (RARa 99%, GenBank Accession No. NP-001012663.1; 
RARb 92%, XP-862280.1; RARg 94%, XP-849260.1; RXRa 
89%, XP-548399.2; RXRb 96%, XP-862727.1; and RXRg 
97%, XP-536146.2).

Deparaffinization and antigen retrieval were performed at 
room temperature as follows. Slides were placed in 3 changes 
of xylene for at least 3 min for each change. This was followed 
by 2 changes of 100% ethanol, 2 changes of 95% ethanol, and 
1 change of 70% ethanol for at least 2 min per change. Slides 
were placed in running water for at least 1 min and then in 3% 
hydrogen peroxide in methanol for 15 min prior to rinsing in 
Optimax wash buffer (500M Optim; Biogenex, San Ramon, 
California, USA) for 5 min. Slides were placed in a container 
of citrated buffer, pH 6, to be microwaved on high power until 
the buffer boiled. Power was reduced to a level that produced 
intermittent boiling for 10 min. Slides were cooled for 20 min 
and rinsed again in Optimax buffer.

Primary antibodies used in the study were: RARa C-20, 
RARb C-19, and RARg C-19 (rabbit polyclonal biotinylated); 
RXRa D-20, RXRb C-20, and RXRg Y-20 (rabbit polyclonal 
biotinylated) (Santa Cruz Biotechnology). For the negative 
controls, specific blocking peptides (100 mg/0.5mL) were added 
to each antibody (25 mL of blocking peptide to 5 mL of anti-
body) and incubated for 2 h before dilution. The Supersensitive 
kit (streptavidin-biotin system) was used for all antibodies 
(Biogenex, San Ramon, California, USA). Immunoreaction 
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was visualized with 3,39-diaminobenzidine substrate. Final 
dilutions were RARa (1:100), RARb (1:100), RARg (1:75), 
RXRa (1:100), RXRb (1:100), and RXRg (1:100). Finally, 
the slides were counterstained with hematoxylin for 1 min, 
rinsed in water, dehydrated, and mounted. Hematoxylin-eosin 
stained slides from a total of 32 cases previously diagnosed as 
normal lymph node (6 cases), lymphoid hyperplasia (7 cases), 
B-cell LSA (10 cases), and T-cell LSA (9 cases) were reviewed 
by 1 pathologist (VEOV). For all the lymphoma cases, slides 
immunophenotyped for CD3 and CD 79a expression by 
IHC were also re-evaluated (Dako-Cytomation, Carpinteria, 
California, USA). Formalin-fixed paraffin embedded tissues 
were used to create 15 sections of 3-mm thickness from each 
case. Slides were prepared from all blocks for immunostaining 
using all the markers described. Immunohistochemistry analy-
sis was performed on all lymph nodes at the same time and by 
using the same biotin-streptavidin-immunoperoxidase ampli-
fied detection system as recently described (22). For retinoid 
receptors, mouse pup eyes were used as positive controls, and 
blocking peptides were used as negative controls. This decision 
was based on our previous study that compared the retinoid 
receptor retinal staining patterns of mice and dogs. That study 
showed that staining of the same retinal structures was similar in 
mice and dogs. We decided to use mice eyes due to their greater 
availability (Figure 1) (22). The immunostaining for retinoid 
receptors had to be strong in the nucleus of the cell in order for 
the sample to be considered positive. One pathologist (VEOV) 
evaluated all the IHC slides. Patterns of staining were recorded 
for further analysis.

Results
Retinoid receptor expression was not detected in any of the 
normal lymph node specimens. In cases of lymphoid hyperpla-
sia, expression of RAR and RXR (a, b, and g) was only pres-
ent in sinus macrophages (Figure 2). Sinusoidal macrophages 
are the primary cell on nodal sinus and were identified by cell 
morphology, nuclear size and morphology, and by the com-
mon presence of hemosiderin granules in the cytoplasm. All 
LSA cases expressed at least 2 of the receptor subtypes. In such 
cases, . 95% of the cells were positive. The most commonly 
expressed receptor was RARg, positive in 17 cases (89% overall; 
100% in the cases of B-cell LSA), followed by RXRg, positive in 
9 cases (47% overall; 78% in T-cell LSA specimens) (Figure 3). 
The other subtypes were positive in small percentages of cases 
(Table 1). In the LSA cases evaluated, where neoplastic cells had 
not effaced the lymph node, normal structures such as mantle 
cell cuff and germinal centers, when benign, were uniformly 
negative for retinoid receptor expression (Figures 3 and 4).

Discussion
Important findings in our study were the absence of retinoid 
receptor binding in lymphocytes and plasma cells of benign 
canine nodal tissue and a positive pattern present only in mac-
rophages of hyperplastic lymph nodes. In contrast, we detected 
strong retinoid receptor expression in canine lymphomas. In 
addition, the most common receptor sub-type expressed varied 
with phenotype. This dramatic difference between retinoid 
receptor expression in non-neoplastic (normal lymph nodes 
and lymphoid hyperplasia) and lymphoma cases indicates that 
retinoid receptor expression is associated with the malignant 
phenotype of nodal lymphoma in dogs. A striking finding of 
our study was the dramatic retinoid receptor staining contrast 
of benign versus neoplastic cells. In cases where normal lymph 
node architecture was still present, the interface between the 
strong positive neoplastic cells and the negative benign cells 
was very clear after IHC. To our knowledge this fact has not 
been reported in the literature. The strong retinoid receptor-
staining pattern displayed by macrophages within lymph nodes 
demonstrating lymphoid hyperplasia was an expected finding. 
It has been previously shown in humans that dendritic cells and 
macrophages express retinoid receptors during inflammation 
and that this expression is associated with cytokine production 
(23–25).

The retinoid receptor expression of lymphocytes has been 
evaluated in neonatal mice and young children. In mice, lym-
phocyte retinoid receptor expression varies throughout the 
embryonic development of the thymus (25). Both RARa and 
RARg continue to be present in lymphocytes after birth and 

Table 1.  Distribution of retinoid receptor expression among 19 cases of canine nodal lymphoma

	 Retinoid Receptor Subtype

LSA phenotype	 RARa	 RARb	 RARg	 RXRa	 RXRb	 RXRg

B-cell (10 cases)	 4 (40%)	 1 (10%)	 10 (100%)	 0 (0%)	 1 (10%)	 7 (70%)
T-cell (9 cases)	 4 (44%)	 1 (11%)	   7 (78%)	 3 (33%)	 2 (22%)	 2 (22%)

LSA — lymphoma; RAR — retinoic acid receptor; RXR — retinoid X receptor.

Figure 1.  RXRb staining in a case of lymphoid hyperplasia 
showing numerous RXRb positive macrophages concentrated 
mostly at the nodal sinusoids.
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expression of RARg is particularly strong in both CD41 and 
CD81 mature cells (25,26). Based on studies in mice, retinoid 
receptor activation is important during B- and T-cell activation, 
where it is thought to modulate homing of cells to specific 
lymphoid organs and to alter cytokine production (26–29). In 
children, retinoid receptor expression is highest between the 
ages of 1 and 3 years, decreasing after that. Terminally differen-
tiated lymphoid cells do not express or have low-expression of 
retinoid receptors (30). Despite the fact that retinoid receptor 
expression was evaluated in a small number of cases of non-
neoplastic lymph nodes in this study, this lack of expression 
seems to be similar to that in lymph nodes of older children, 
when the immune system is fully developed. An alternative 
possibility to this negative finding is that retinoid receptor 
expression was present but at levels too low for detection. In 
contrast, the common expression of some subtypes (RARg and 
RXRg) in LSA cases suggests that retinoid receptor expression 
plays a role in this disease, which merits further investigation. 
Due to unavailability of information regarding any treatments, 
response rates, or survival times of the cases from which lymph 
node material was gathered for the study, we were not able to 

assess the value of retinoid receptor expression as a prognostic 
factor. The importance of specific receptor subtype has been 
underscored by various studies in humans.

The expression, or sometimes loss of expression, of spe-
cific retinoid receptor subtypes is associated with biologic 
behavior and overall prognosis in a variety of carcinomas and 
also in melanomas in humans (31–35) Retinoic acid recep-
tor and RXR expression in human thyroid carcinomas can 
predict their response to retinoids and related drugs (35–37). 
Also in humans, the expression of RARb correlates with less 
aggressive behavior in a variety of malignancies (31,35). In 
contrast, loss of RARb has been associated with more aggres-
sive behavior and this receptor is now considered to serve a 
tumor suppressive function, although precise mechanisms 
for this effect have yet to be elucidated (38). Loss of RARa, 
RARg, and RXRb expression also occurs in lung and prostatic 
cancer in humans (38,39). In addition, recent studies in breast 
cancer cells showed that natural and synthetic retinoids can 
induce expression of RARb and down-regulate levels of Bcl-2 
and survivin, which in turn leads to an increase in cellular  
apoptosis (40).

Figure 2.  B-cell Marginal zone lymphoma case showing a clear distinction between neoplastic cells (bottom) and benign mantle cuff 
cells (darker cells on top). Blocking peptide was added (A); same case showing strong staining for RARg that spares the benign mantle 
cell cuff (B).

A B

Figure 3.  Two cases of T-cell lymphoma positive for RARa. The strong staining of neoplastic cells contrasts with the negative benign 
germinal center.

A B
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The pattern of retinoid receptors in adult humans with 
lymphoma and leukemias, other than promyelocytic leuke-
mia, is unknown. Only 2 studies correlated the presence of 
retinoid receptors with response to retinoid/rexinoid therapy 
in lymphomas and leukemia. In 1 of these studies, response 
to the RXR  selective agent, bexarotene, was associated with 
clinical remission. When relapse occurred despite treatment, 
evaluation of the resistant cells revealed the RXR-a had been 
down-regulated. As in any immunohistochemistry study, ours 
has limitations such as the inability to detect functionality of 
the detected proteins. Despite that and a small number of cases, 
our findings demonstrate that retinoid receptor expression varies 
markedly between non-neoplastic and neoplastic lymphoid tis-
sue. In addition, the high amino acid homology shared by dogs 
and humans increases the strength of our results. Correlation of 
retinoid receptor and tumor grade, to extend our findings into 
the realm of low-grade tumors, might be useful in determining 
the impact of IHC as a diagnostic modality to differentiate 
reactive from neoplastic lymphocyte proliferation. Since the 
presence or absence of specific retinoid receptors has been asso-
ciated with response to treatment, a study correlating specific 
retinoid receptor isotype to response to treatment, remission 
time, and survival is warranted. Furthermore, our results suggest 
that retinoids such as isotretinoin and etretinate (RAR binding 
drugs) and bexarotene (RXR binding drug), may prove to be 
of therapeutic benefit in the treatment of nodal LSA in dogs.
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1. d)  Greyhounds have prolonged and stormy recoveries from 
thiobarbiturate anesthesia. This is a result of altered 
hepatic metabolism, rather than a result of their lean 
body mass and lack of fat for redistribution. Recovery from 
propofol is smooth, but it takes longer in greyhounds than 
in other dogs.

 d)  Chez les lévriers, la récupération suite à une anesthésie 
au thiobarbiturique est prolongée et laborieuse en raison 
d’une altération de leur métabolisme hépatique, plutôt 
qu’à cause de la forme effilée de leur corps et du manque 
de redistribution du gras corporel. La récupération suite 
à l’anesthésie au propofol est facile, mais prend plus de 
temps chez les lévriers que chez les autres races de chien.

2. c)  The high triglyceride and low cholesterol levels are diag-
nostic of a chylous effusion.

 c)  Un taux élevé de triglycéride et un taux faible de 
cholestérol sont caractéristiques d’un diagnostic 
d’épanchement de chyle.

3. a)  Pituitary tumor is the most common cause of hyperadre-
nocorticism, with resultant hyperplastic adrenal cortices 
and excessive production of cortisol.

 a)  La tumeur de l’hypophyse est la cause la plus commune 
d’hyperadrénocorticisme et elle provoque des cortex 
surrénaliens hyperplasiques et une production excessive 
de cortisol.

4. a)  Hyperglobulinemia frequently occurs secondary to FIP and 
is usually classified as a polyclonal gammopathy.

 a)  Une hyperglobulinémie se produit fréquemment à la suite 
de la péritonite infectieuse féline et elle est habituellement 
classée comme une gammapathie polyclonale.

5. d)  This is the definition of anisognathism.
 d)  C’est la définition de l’anisognathisme.
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