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Progesterone Receptor Isoform Analysis
by Quantitative Real-Time Polymerase
Chain Reaction in Formalin-Fixed,
Paraffin-Embedded Canine Mammary
Dysplasias and Tumors
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Y. Millán1, J. Gómez-Laguna1, and J. Martı́n de las Mulas1

Abstract
Cloning and sequencing of the progesterone receptor gene in dogs have revealed 2 isoforms, A and B, transcribed from a single
gene. Distribution of isoforms A and B in canine mammary lesions has hitherto been investigated only by Western blot analysis.
This study analyzed progesterone receptor and its isoforms in formalin-fixed, paraffin-embedded tissue samples from canine
mammary lesions (4 dysplasias, 10 benign tumors, and 46 carcinomas) using 1-step SYBR Green quantitative real-time polymerase
chain reaction (RT-qPCR). Progesterone receptor was expressed in 75% of dysplasias, all benign tumors, and 59% of carcinomas.
Carcinomas, and particularly simple epithelial-type carcinomas, displayed the lowest levels of expression. A high rate of agreement
was recorded between RT-qPCR and immunohistochemical labeling. Isoforms A and B were successfully amplified, with correla-
tion coefficients of 0.99 and amplification efficiencies close to 2, and were expressed in all lesion types analyzed. Predominance of
A over B expression was observed in carcinomas and complex adenomas. Low-grade tumors exhibited higher progesterone
receptor messenger RNA (mRNA) levels, but no difference was observed in the expression of isoform A versus B. Analysis
of progesterone receptor mRNA isoforms by RT-qPCR was successful in routinely formalin-fixed, paraffin-embedded tissue sam-
ples and enabled the distribution of isoforms A and B to be identified for the first time in dysplasias, benign tumors, and malignant
tumors of the canine mammary gland. These findings will facilitate future research into the role of progesterone receptor isoforms
in the progression of canine mammary tumors.
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Epidemiologic, clinical, and experimental data indicate that

canine mammary tumors (CMTs) are hormone-dependent; that

is, they are strongly influenced by ovarian hormones, mainly

estrogens and progesterone (P).35 P acts through binding to its

cognate P receptor (PR), a member of the nuclear steroid receptor

family.12 PR expression is currently measured by immunohisto-

chemical (IHC) methods, which have shown that all benign

CMTs and two-thirds of malignant CMTs express PR.7,13,25 IHC

expression of PR is a favorable prognostic indicator25,34 and a pre-

dictive marker of positive response to neoadjuvant administration

of antiprogestins14 in canine mammary carcinoma.

The PR exists as 2 isoforms, PRA and PRB, which are

expressed from a single gene in both humans and rodents.19

PRA and PRB have been shown to have different functions

as well as different levels of expression in breast cancer.33

Human PRB is a stronger transcriptional activator than human

PRA, due in part to a third activation domain (AF-3) located

within the 164-amino acid N terminal.34 Human PRA acts a

repressor capable of inhibiting other receptors, including estro-

gen receptor and human PRB.37 PRA and PRB are generally

expressed at similar levels in normal mammary tissue, but in

breast tumors their ratio is altered, with a predominance of

PRA and loss of PRB.6,19,28
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Email: v22gulus@uco.es

Veterinary Pathology
2014, Vol. 51(5) 895–902
ª The Author(s) 2013
Reprints and permission:
sagepub.com/journalsPermissions.nav
DOI: 10.1177/0300985813511127
vet.sagepub.com

http://www.sagepub.com/journalsPermissions.nav
http://vet.sagepub.com
http://crossmark.crossref.org/dialog/?doi=10.1177%2F0300985813511127&domain=pdf&date_stamp=2013-11-18


In dogs, cloning and sequencing of the PR gene have con-

firmed the presence of isoforms PRA and PRB.23 Western

blot analysis has revealed the predominance of PRA over PRB

staining in normal, hyperplasic, and neoplastic canine mam-

mary tissue samples.11 PRA expression is reportedly more

marked in carcinomas than in normal and hyperplastic

tissue.11

Quantitative real-time polymerase chain reaction (RT-

qPCR) is currently considered the most sensitive method for

PR isoform detection, given that both Western blot and IHC

methods provide limited detection sensitivity.19,27 This has

prompted growing interest in using RT-qPCR for the retrospec-

tive analysis of the vast archives of formalin-fixed, paraffin-

embedded (FFPE) tissue samples available in veterinary

pathology laboratories.

This study examined total PR, PRA, and PRB expression in

FFPE dysplasias, benign tumors, and malignant tumors of the

canine mammary gland using a RT-qPCR method. Total PR

expression was also analyzed by IHC for purposes of

comparison.

Materials and Methods

Samples

FFPE tissue samples from 61 lesions of the canine mam-

mary gland were retrieved from the archives of the Depart-

ment of Comparative Pathology at the University of

Córdoba (Spain). Samples had been obtained for an earlier

prospective study and had been fixed for 24 to 48 hours

in 10% buffered formalin and stored as paraffin blocks at

4�C between 0.5 and 2 years prior to this study. The histo-

logical classification26 and grading21 of lesions are shown in

Table 1. In carcinomas, most malignant-appearing areas

were selected for both immunohistochemistry and RT-

qPCR. Tissue samples from 2 fresh canine mammary tumors

were used as controls for validating RT-qPCR and then

fixed for 24 hours in 10% buffered formalin and routinely

embedded in paraffin wax.

Extraction, Quantification, and Quality Assessment of
Messenger RNA

RNA was isolated from FFPE and fresh samples using the

RNase FFPE kit and the RNeasy Protect Mini kit (Qiagen,

Copenhagen, Denmark), respectively, according to manufac-

turers’ recommendations, and stored at –80�C until use.

RNA yields were determined by measuring spectrophoto-

metric absorbance at 260 nm (A260) using the NanoDrop ND-

1000 spectrophotometer (Thermo Scientific, Wilmington,

Delaware). A ratio of absorbance at 260 nm and 280 nm of

1.8–2.0 was accepted as ‘‘pure.’’ Total RNA integrity was

checked by denaturing agarose gel electrophoresis and ethi-

dium bromide staining, which shows respective messenger

RNAs (mRNAs) as sharply defined bands.

RT-PCR Assay

Primer design. The canine PR genomic sequence was obtained

from NCBI GenBank database under the gene ID

NM_001003074. Two primer pairs were designed specifically

to target the coding regions of isoforms A and B previously

reported by Lantinga-van Leeuwen et al23 using Primer3Plus.

Two canine housekeeping genes, hypoxanthine phosphoribo-

syltransferase 1 (HPRT1: NM_001003357.1) and canine ribo-

somal protein L32 (RPL32: NM_001252169.1), were

selected for the study, and 2 primer pairs were designed using

the same tool. These 2 reference genes have proved suitable as

internal controls for RT-qPCR in CMTs.10,18

Sequences of the forward and reverse primers for PR iso-

forms and housekeeping genes are summarized in Table 2. Pri-

mers spanning or flanking 1 intron were chosen wherever

possible to minimize inaccuracies due to genomic DNA con-

tamination. The 100% specificity of the different primers was

verified by a BLAST search.

RT-qPCR amplification. RNA was amplified using the LightCy-

cler 480 Real-Time PCR System. One-step RT-qPCR was per-

formed using the QuantiFast SYBR Green RT-PCR (Qiagen,

Denmark) for a total volume of 10 ml and a template concentra-

tion of 5 ng/ml according to the manufacturer’s recommenda-

tions. Thermal cycling conditions were 50�C for 10 minutes

(RT step) and 95�C for 5 minutes, followed by 40 cycles of

95�C of 10 seconds and 60�C for 30 seconds. A melting curve

analysis was performed following every run to ensure a single

amplified product for every reaction (1 cycle of 95�C, with

continuous acquisition mode and ramp rate of 0.1�C per sec-

ond). RT-qPCR products were analyzed by agarose gel elect-

rophoresis. Reverse transcription negative controls and

nontemplate controls were included. All reactions were per-

formed in triplicate in 96-well reaction plates (Applied Biosys-

tems, Foster City, California).

Table 1. Histological Classification of Lesions and Histological Grade
of Malignant Tumors Used in the Study.

Histological Classification of Lesions n

Total 61
Dysplasias 4

Ductal hyperplasia 2
Cysts and duct ectasia 1
Lobular hyperplasia–adenosis subtype 1

Benign tumors 10
Complex adenomas 6
Benign mixed tumors 5

Carcinomas 46
Complex carcinomas 19
Simple carcinomas 16
Carcinoma in benign tumors 11

Histological Grade of Carcinomas n (%)
Total 46

Grade 1 22 (48)
Grade 2 17 (37)
Grade 3 7 (15)
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Standard curves generated from series of dilutions (1–20 ng/

ml) of a known sample to encode the canine PR gene were used

to determine qPCR efficiency (E ¼ 10(-1/slope)) and to establish

the linear range of the assay.

The reliability of the RT-qPCR was defined by calculating

the coefficient of variation (CV) of replicates for each analyzed

sample (intra-assay variability) and for each plate (interassay

variability). CV was calculated as follows: (SD/Ct average)

� 100, where SD is standard deviation and Ct is threshold

cycle. Relative mRNA expression was defined as 2-DCt, where

DCt ¼ CtTARGET – CtRPL32/HPTR1, and CtRPL32/HPTR1 is the

average of the Ct values of the 2 housekeeping genes for each

sample. The amount of PRA was calculated by subtracting the

relative amount of PRB from that of total PR.15,36 The PR

positive-status cutoff was set at 0.04, since this value agreed

best with IHC results (see below).

IHC Assay

To detect total PR by IHC, commercial mouse monoclonal

anti-human PR antibody (clone 10A9, Immunotech, Marseille,

France) diluted 1:500 and the avidin-biotin-peroxidase com-

plex technique (Vector, Burlingame, California) were used as

previously reported.7 This antibody is raised against the recom-

binant hormone-binding domain of human PR located in the C-

terminal region common to PRA and PRB.20 For quantitative

analysis of total PR expression, digital images pictures were

captured at 40� magnification from 15 randomly selected,

neighboring, nonoverlapping fields of each sample labeled

with anti-PR antibody. The number of positive and negative

cells was counted with ImageJ software (ImageJ 1.43, National

Institutes of Health, Bethesda, Maryland). A minimum of 1000

tumor cells were counted per case. PR expression was

expressed as the percentage of positive cells with respect to the

total number of cells. The cutoff for the determination of PR

positive-status was set at 10%.14

Statistical Analysis

Statistical analysis was performed using the GraphPad Prism 5

software package version 5.01 (GraphPad Software Inc, San

Diego, California). The D’Agostino-Pearson test was used to

assess normality of data and the Mann-Whitney U-test to ana-

lyze RT-qPCR (total PR, PRA, and PRB) and IHC (total PR)

results as a function of histological types and subtypes and his-

tological grade. The agreement between RT-qPCR and IHC

findings was estimated by Cohen’s k coefficient. A P value

<.05 was regarded as statistically significant.

Results

RT-qPCR Validation

A total of 61 FFPE CMTs were processed. Mean RNA content

was 46 ng/ml (range 9.7–189.3 ng/ml) and mean purity obtained

at 260/280 nm was 1.85 (1.6–2.1). Only 1 sample (<2%) histo-

logically classified as a benign mixed tumor was excluded due

to low quantity and poor quality. For canine fresh tissues and

their equivalent FFPE tissues, mean values for RNA content

and purity were 242 ng/ml and 1.8 and 180.7 ng/ml and 1.7,

respectively.

All RT-qPCR amplification plots displayed adequate ampli-

fication curves with an exponential phase followed by a nonex-

ponential phase, ending in a plateau. Melting analysis showed

curves with a single peak and adequate melting temperatures

(Tm) for housekeeping genes and PR. For PRB, however, the

melting curve was characterized by a sharp peak at 91�C,

although multiple extra peaks were observable at lower Tm,

this being consistent with agarose gel data. Nontemplate con-

trols and reverse transcription negative controls showed no

amplification.

RNA isolated from the 2 fresh CMT samples yielded Ct val-

ues 4 to 6 cycles lower than those obtained with the same RNA

isolated from equivalent FFPE tissues (Table 3). In both cases,

however, a clear peak in the melting curve at the same tempera-

ture confirmed the purity and specificity of amplified PCR

fragments (Table 3).

The molecular weight of the PCR products arising from pri-

mer pairs was verified on agarose gels; findings (Table 2) con-

firmed their specificity. Correlation coefficients (R2) between

0.98 and 0.99 were recorded for all qPCR assays, while E val-

ues lay between 2.19 and 2.89. Primer-pair total PR (1), PRB

(2), HPTR1 (2), and RPL32 (1) (Table 2) were selected on the

basis of agarose gel analysis and better R2 and E values.

Table 2. Primer Sequences and Product Length for Quantitative Real-Time Polymerase Chain Reaction Amplification.

Primer Forward Primer Reverse Product Length

PR(1) 50-GGCTTGCCGCAGGTGTACCA-30 50-ACTGTGGGCTCTGGCTGGCA-30 73 bp
PR(2) 50-GGTCCTTGGAGGTCGAAAAT-30 50-ACAGGTTGTGGGAGAGCAAC-30 84 bp
PRB(1) 50-GCGGACGGGAAAGGATGCCC-30 50-GACGTCGGGACTCGGGCTCT-30 86 bp
PRB(2) 50-CCCGGGCGGATCCGAGACT-30 50-GTGCAGCGGCCCTCGGTC-30 86 bp
HPTR1(1) 50-ATGGACAGGACTGAGCGGCTT-30 50-CCTTGAGCACACAGAGGGCTACG-30 82 bp
HPTR1(2) 50-TGCAGACTTTGCTTTCCTTGGTCA-30 50-TCGAGGGGTCCTTTTCACCAGCA-30 81 bp
RPL32(1) 50-GGCTGCCCTCAGACCTCTGGT-30 50-TCGGTCTGACTGGTGCCGGA-30 79 bp
RPL32(2) 50-GGACCAAGAAGTTCATCCGGCACC-30 30-TGCCTCTGGGTTTCCGCCAG-50 75 bp

Abbreviations: bp, base pairs; HPTR1, hypoxanthine phosphoribosyltransferase 1; PR, total progesterone receptor; PRB, progesterone receptor isoform B;
RPL32, canine ribosomal protein L32.
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Intra-assay variability was below 5% in all cases, and CV

values for most samples ranged between 0.03 and 2.64. CV val-

ues for interassay variability ranged from 0.78 to 1.2%.

Total PR, PRA, and PRB Analysis by RT-qPCR

Seventy-five percent of dysplasias, 100% of benign tumors,

and 59% of carcinomas were positive for total PR mRNA

expression by RT-qPCR (Table 4). Benign tumors and dys-

plasias presented very similar RT-qPCR values (0.07 +
0.04 and 0.07 + 0.06, respectively) (Fig. 1). PR expression

was weakest in carcinomas (0.05 + 0.008) (P ¼ .02), and

especially in simple epithelial-type carcinomas (0.03 +
0.02) (Fig. 1). Grade 1 and 2 carcinomas displayed signifi-

cantly stronger expression of total PR than did grade 3 car-

cinomas (P ¼ .02) (Fig. 2).

While PRA and PRB expressions were similar in dysplasias

and benign tumors, PRA expression in carcinomas was greater

than PRB expression (0.03 and 0.01, respectively; P ¼ .0006)

(Fig. 3). Differences between PRA and PRB were more marked

in complex carcinomas (P < .0001) and simple carcinomas

(P ¼ .07) than in carcinomas in benign tumors (Fig. 3). Sepa-

rate analysis of benign-tumor histological subtypes showed that

PRA expression was stronger than PRB expression in complex

adenomas but not in benign mixed tumors (P ¼ .01) (Fig. 3).

No differences in PRA and PRB expression were found as a

function of histological carcinoma grade.

PR Expression by IHC

All dysplasias, 90% of benign tumors, and 54% of malignant

tumors exhibited PR labeling in luminal-type epithelial cell

nuclei (Fig. 4). Myoepithelial cell cytoplasm was also labeled

in complex and mixed tumors (Fig. 5). PR expression was

weakest in simple carcinomas. Grade 1 and 2 carcinomas

displayed stronger PR labeling than did grade 3 carcinomas

(P ¼ .045) (Fig. 2).

Agreement Between IHC and RT-PCR

A similar percentage of lesions were classed as PR-positive

using RT-qPCR (66.7%) and IHC (65%). Overall agreement

between the 2 methods was 75% (k index 0.4). Seven cases

were PR-negative by RT-qPCR but PR-positive by IHC, while

8 cases were PR-positive by RT-qPCR and PR-negative by

IHC (Fig. 6). The strongest agreement between methods was

found for benign tumors (90%).

Discussion

This appears to be the first published report on the analysis of

total PR, PRA, and PRB mRNA expression in FFPE tissue

samples from canine mammary lesions using an RT-qPCR

method. Seventy-five percent of dysplasias, 100% of benign

tumors, and 59% of carcinomas were classed as positive for

total PR mRNA expression. Findings were similar to those

obtained with the gold-standard IHC method, which served

as control. PRA and PRB mRNA expression was found in all

lesion types, and a predominance of PRA over PRB expression

was observed in carcinomas and complex adenomas.

Although both IHC and Western blot methods have been

used to analyze PRA and PRB isoforms in human tissue sam-

ples, a number of authors report that some commercially avail-

able antibodies lack the specificity required to distinguish

between the 2 isoforms.19,28,32 In the dog, gene expression of

PR has previously been reported using fresh or frozen tissue

samples,5,11,23 but no data are available on gene expression

of PR isoforms in FFPE canine tissues by RT-qPCR, widely

considered the most sensitive method for detecting PRA and

PRB.19 The nucleotide sequence of the canine PR gene and the

specific sequences for PRA and PRB were identified from fresh

mammary tissues.23 Both isoforms contain the hormone bind-

ing domain, a highly conserved region, and a DNA binding

Table 3. Threshold Cycle Values and Melting Temperatures of Fresh and FFPE Samples of the 2 Housekeeping Genes (RPL32 and HPTR1), PR,
and PRB.a

RPL32 HPTR1 PR PRB

Fresh FFPE Fresh FFPE Fresh FFPE Fresh FFPE

Sample 1 15.9; 81�C 22.3; 81�C 22; 81�C 28.5; 81�C 23.9; 83�C 30.6; 83�C 30.7; 91�C 35; 91�C
Sample 2 16.2; 81�C 22.8; 81�C 22.6; 81�C 28.5; 81�C 27; 83�C 31; 83�C 31; 91�C 34.5; 91�C

Abbreviations: FFPE, formalin-fixed, paraffin-embedded; HPTR1, hypoxanthine phosphoribosyltransferase 1; PR, total progesterone receptor; PRB, progesterone
receptor isoform B; RPL32, canine ribosomal protein L32.
aValues given as threshold cycle; melting temperature.

Table 4. PR-Positive Dysplasias, Benign Tumors, and Malignant
Tumors by RT-qPCR and IHC.a

Histological Classification RT-qPCR IHC

Dysplasias 3 (75) 4 (100)
Benign tumors 10 (100) 9 (90)

Complex adenomas 6 (100) 5 (83)
Benign mixed tumors 4 (100) 4 (100)

Carcinomas 27 (59) 25 (54)
Complex carcinomas 15 (79) 14 (74)
Simple carcinomas 8 (50) 6 (37.5)
Carcinoma in benign tumors 4 (36) 5 (45.5)

Total 40 (66.7) 39 (65)

Abbreviations: IHC, immunohistochemistry; RT-qPCR, quantitative real-time
polymerase chain reaction; PR, total progesterone receptor.
aValues given as n (%).
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domain; but the less conserved amino-terminal sequence is

unique to the longer PRB isoform.23 Here, total PR, PRA, and

PRB mRNA was successfully amplified using canine-specific

primers from archival FFPE samples. Fresh and FFPE samples

exhibited identical Tm values and agarose gel bands, thus con-

firming the reliability of the FFPE data. The use of RT-qPCR

for gene amplification from FFPE tissue samples may be

affected by the process of fixation and embedding, which could

exert a negative impact on the quality and usefulness of

extracted RNA.1,32 The samples used here had been fixed for

less than 48 hours and stored no longer than 2 years at 4�C.

In these conditions, all samples examined were deemed suit-

able for analysis, with acceptable results for RNA purity, yield,

and integrity. A further critical factor for RT-qPCR is primer

design.19 Here, canine specific primer pairs were designed to

produce an amplicon smaller than 100 base pairs, in order to

ensure that sequences were template-unique, thus improving

RT-qPCR efficiency.29 Investigated transcripts showed accep-

table E rates, ranging from 1 to 20 ng RNA input with high lin-

earity. To offset interassay variation, each plate was run with its

own calibrators for the standard curve under identical experi-

mental conditions. Inter- and intra-assay variability was very

low, and CV values mostly lay below 3% for both isoforms.

A CV of up to 5% is considered acceptable and has no negative

impact on the interpretation of results.9 The RT-qPCR assay

standardized here was therefore highly reliable and robust in

terms of sensitivity, repeatability, and reproducibility for the

detection of total PR, PRA, and PRB.

Seventy-five percent of dysplasias, 100% of benign tumors,

and 59% of carcinomas were positive for total PR mRNA

expression using RT-qPCR. These figures were similar to those

obtained with the gold standard IHC method, which served as

control: All dysplasias, 90% of benign tumors, and 54% of

malignant tumors presented PR labeling in luminal-type

epithelial cell nuclei.25 Nuclear labeling is considered specific

for PR in FFPE canine mammary tissue samples, although

cytoplasmic staining of myoepithelial cells has been

reported.23,25 PR expression was weaker in carcinomas than

in benign tumors and dysplasias, both by RT-qPCR and IHC,

a finding also reported by other authors for IHC.25,35 The pres-

ent results confirm earlier reports regarding lower levels of PR

expression in simple epithelial-type carcinomas than in com-

plex or mixed subtypes and the direct correlation between PR

expression and lower grade malignancy.25 However, results for

dysplasias should be viewed with caution, and they require

confirmation with a larger number of samples. Further, given

the frequency of intratumoral heterogeneity, it would clearly

be useful to combine RT-qPCR with other techniques such as

laser capture microdissection, which enables detection of the

different cell subpopulations comprising a tumor, thus provid-

ing fuller information. As in human studies, strong agreement

was found between RT-qPCR and IHC for PR expression.3,17,30

Eight cases that were PR-positive by RT-qPCR were classified

as PR-negative by IHC. The IHC expression of PR in myo-

epithelial cell cytoplasm may have contributed to false-

positive results in RT-qPCR, since the presence of cytoplasmic

PR staining in myoepithelial cells is suggestive of PRB expres-

sion.8,11 However, loss of tissue in the paraffin block during the

procedure may equally be the cause of discrepancies in those

cases where IHC detected PR antigen but RT-qPCR did not

amplify the mRNA.

Both PR isoforms were found in all types of lesions ana-

lyzed. PRA and PRB were expressed at similar levels in canine

dysplasias and benign mixed tumors, whereas PRA was more

strongly expressed than PRB in carcinomas and complex ade-

nomas. Similar findings have been reported for canine mam-

mary tissue using Western blotting.11 In normal human breast

tissue, levels of PRA and PRB expression are generally similar;

in some breast cancers, however, their ratio is dysregulated,

with a predominance of PRA over PRB.4,16,22 It is thought that

the coordinated expression of both isoforms is required for the

normal P response of the mammary gland and that dysregula-

tion of this ratio appears early in tumorigenesis.28 The dissim-

ilar expression of PR isoforms may be useful indicator of tumor

response to endocrine treatment, a high PRA/PRB ratio being

associated with poorer outcomes in patients undergoing

Figure 1. Expression of total progesterone receptor (PR) in histolo-
gical tumor types and histological carcinoma subtypes by RT-qPCR.
Bars with asterisk differ significantly (P < .05).

Figure 2. Expression of total PR by RT-qPCR (left Y axis) and by
immunohistochemistry (IHC) (right Y axis) as a function of histological
tumor grade. Black columns represent low-grade (grade 1 and 2)
tumors and white columns high-grade (grade 3) tumors. Bars with
asterisk differ significantly (P < .05).
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Figure 4. Simple mammary carcinoma; mammary gland; dog; case No. 3. Immunohistochemical progesterone receptor labeling visible in tumor
epithelial cell nuclei. Immunohistochemistry with ABC method and hematoxylin counterstain. Figure 5. Complex mammary carcinoma; mam-
mary gland; dog; case No. 15. Immunohistochemical progesterone receptor labeling visible in tumor epithelial cell nuclei and myoepithelial cell
cytoplasm. Immunohistochemistry with ABC method and hematoxylin counterstain.

Figure 3. Expression of progesterone receptor isoform A (PRA) (black column) and progesterone receptor isoform B (PRB) (white column) in
dysplasias, benign tumors, and carcinomas and in histological subtypes of carcinomas and benign tumors, by RT-qPCR. Bars with asterisk differ
significantly (P < .05).

Figure 6. RT-qPCR versus IHC findings. Y axis shows PR expression values by RT-qPCR; X axis shows PR-positive and PR-negative samples by IHC.
The cutoff for PR-positive status by RT-qPCR is indicated by the horizontal broken line. Black points indicate discrepancy between the 2 methods.
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hormonal therapy.16 However, a predominance of isoform A

has also been reported in some benign breast lesions, including

atypical ductal hyperplasias.28 In humans and rodents, both

PRA and PRB are expressed in the luminal epithelium.2,28 In

the rat, however, PRA is expressed only in that location,

whereas PRB is detected in both luminal and myoepithelial

cells.19 Moreover, PRA has been reported in nuclei whereas

PRB is found in the cytoplasm.8,24 The cytoplasmic staining

of myoepithelial cells observed here may be linked to PRB

expression, while the stronger expression of PRA mRNA in

complex tumors may be attributable to the incomplete or aber-

rant immunophenotype reported in neoplastic myoepithelial

cells.31 Differences may also exist in the distribution of PRA

and PRB in human versus canine mammary lesions.

Finally, while expression of PR was significantly stronger in

well-differentiated carcinomas (grade 1 and 2) with both RT-

qPCR and IHC methods,25,35 no differences in PR isoform dis-

tribution were found as a function of carcinoma grade. In

human breast cancer, a predominance of isoform A has been

associated with higher histological grades4 in studies based

on protein (IHC and Western blot) rather than mRNA expres-

sion of PR isoforms.

Analysis of progesterone receptors by the highly sensitive

RT-qPCR method was successful in routinely formalin-fixed,

paraffin-embedded tissues. This appears to be the first pub-

lished report on the distribution of PRA and PRB mRNA in

dysplasias, benign tumors, and malignant tumors of the canine

mammary gland. The apparent predominance of PRA over

PRB in CMTs may be critical for prognosis and therapeutic

handling. These present findings may serve as the basis for

future research into the role of PR isoforms in the progression

of CMTs.

Acknowledgements

This was project no. AGL2011-25553; the research group is PAIDI

Group BIO287.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-

ship, and/or publication of this article.

References

1. Ahlfen S, Missel A, Bendrat K, et al. Determinants of RNA qual-

ity from FFPE samples. Plos One. 2007;2(12):e261.

2. Aupperlee M, Kariagina A, Osuch J, et al. Progestins and breast

cancer. Breast Dis. 2005;24(1):37–57.

3. Badve SS, Baehner FL, Gray RP, et al. Estrogen- and progester-

one receptor status in ECOG 2197: comparison of immunohisto-

chemistry by local and central laboratories and quantitative

reverse transcription polymerase chain reaction by central labora-

tory. J Clin Oncol. 2008;26(15):2473–2481.

4. Bamberger AM, Milde-Langosch K, Schulte HM, et al. Progester-

one receptor isoforms, PR-B and PR-A, in breast cancer: correla-

tion with clinicopathologic tumor parameters and expression of

AP-1 factors. Horm Res. 2000;54(1):32–37.

5. Bhatti SFM, Rao NAS, Okkens AC, et al. Role of progestin-

induced mammary-derived growth hormone in the pathogenesis

of cystic endometrial hyperplasia in the bitch. Domest Anim

Endocrinol. 2007;33(3):294–312.

6. Cormack O, Harrison M, Kerin MJ, et al. Role of the progesterone

receptor (PR) and the PR isoforms in breast cancer. Rev Oncog.

2007;13(4):283–301.

7. Chang CH, Tsai M, Liao JW, et al. Evaluation of hormone recep-

tor expression for use in predicting survival of female dogs with

malignant mammary gland tumors. J Am Vet Med Assoc. 2009;

235(4):391–395.

8. Daniel AR, Hagan CR, Lange CA. Progesterone receptor action:

defining a role in breast cancer. Expert Rev Endocrinol Metab.

2011;6(3):359–369.

9. Ellis J, Iturriza M, Allan R, et al. Evaluation of four real-time PCR

assays for the detection of influenza A (H1N1) viruses. Euro Sur-

veill. 2009;14(22):1–3.

10. Etschmann B, Wilcken B, Stoevesand K, et al. Selection of refer-

ence genes for quantitative real-time PCR analysis in canine

mammary tumors using the GeNorm Algorithm. Vet Pathol.

2006;43(6):934–942.

11. Gracanin A, Gier J, Zegers K, et al. Progesterone receptor iso-

forms in the mammary gland of cats and dogs. Reprod Domest

Anim. 2012;47(6):313–317.

12. Graham JD, Clarke CL. Expression and transcriptional activity of

progesterone receptor A and progesterone receptor B in mamma-

lian cells. Breast Cancer Res. 2002;4(5):187–190.
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