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Abstract Preferentially expressed antigen of melanoma

(PRAME) has been described as a potential candidate for

immunotherapeutic targeting. However, the prognostic and

predictive relevance of PRAME in breast cancer has never

been investigated. PRAME gene expression was evaluated

in 103 breast tumour biopsies, using quantitative reverse-

transcriptase polymerase chain reaction (qRT-PCR).

Normal breast tissue was also analysed for comparative

purposes. All qRT-PCRs were performed in triplicate.

Kaplan–Meier survival curves, Chi-squared and Cox

Regression analyses were used to identify associations

between PRAME expression and patients’ clinicopatho-

logical and survival data. PRAME mRNA was detected in

~53% of tumour specimens and 37% of normal breast

specimens. Kaplan–Meier analysis showed expression of

PRAME to correlate significantly with unfavourable dis-

ease outcome for patients, in terms of both their disease-

free survival (p = 0.0004) and overall survival (OS)

(p = 0.0052) times from diagnosis. Multivariate analysis

indicated PRAME expression to be an independent prog-

nostic factor for shortened disease-free survival

(p = 0.026) and OS (p = 0.02). Furthermore, for patients

who received adjuvant chemotherapy, significantly

(p = 0.0291) shorter relapse-free survival was achieved for

those whose tumour expressed PRAME, compared to those

that did not express this transcript. Our results suggest that

PRAME mRNA expression may be a useful prognostic and

predictive marker for breast cancer.
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survival � Overall survival � Quantitative reverse-
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Introduction

Preferentially expressed antigen of melanoma (PRAME)

was first described by Ikeda et al. [1] as a tumour antigen

recognised by an autologous cytolytic T lymphocyte clone

on a melanoma cell line. PRAME encodes a 509 amino

acid protein and, although its function has not yet been

defined, PRAME is reported to be a dominant repressor of

retinoic acid receptor (RAR) signalling, inhibiting RA-

induced differentiation, growth arrest and apoptosis [2–3].

Analysis of tumour and normal tissues by Northern

blotting and RT-PCR indicated PRAME to be expressed by

most melanomas (~97%), neuroblastomas (93%), sarcomas

(~80%), lung squamous cell carcinomas and small-cell

lung cancers (~70%), Wilms’ tumours [5], as well as many

acute leukaemias (AML M3, 75%; ALL, 64%; CML BC

50%; and AML M2 45%). Intermediate frequencies of

PRAME expression have been detected in renal cell car-

cinomas (40%; [4]), head and neck cancers (29%), as well

as adrenal, ovary and endometrial tissues, with low levels

of expression present in many other normal tissue types

[1, 5–7].

The PRAME has been proposed as a candidate for

tumour immunotherapy, as it contains an immunogenic

nonapeptide able to elicit a cytotoxic response when pre-

sented by HLA-A24 [1]. The relevance of PRAME as a
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candidate for immunotherapy was supported by recent

studies indicating PRAME protein to be an antigen local-

ised in the cell membrane, as well as in the cytoplasm, of

cells [8].

As described above, PRAME is frequently expressed in

a variety of cancers. However, with the exception of the

study by Ikeda et al. [11] reporting PRAME mRNA to be

expressed by 27% mammary carcinomas, no further

information on its presence or relevance in breast cancer is

available. This study investigated PRAME expression in

103 breast tumours and evaluated its association with

clinical outcome.

Materials and methods

Patient selection

Tissue specimens from 103 cases of primary breast cancer

(prior to any treatment with tamoxifen or chemotherapeutic

agents), on which clinical follow-up and pathologic mate-

rial, including snap-frozen tissue, were available for anal-

ysis from the 1993–1997 files of St. Vincent’s University

Hospital (SVUH) Pathology Department, Dublin, Ireland,

were included in this study. Specimens were processed

following approval from SVUH Ethics Committee and

with patients’ informed consent. The patients involved

underwent potentially curative resection at the hospital.

Unfixed fresh breast resection specimens were received in

Pathology Laboratory within maximum 30 min of resec-

tion. The tissue was examined macroscopically and sam-

ples of tumour snap frozen in liquid nitrogen and

subsequently stored at –70/–80�C prior to RNA isolation.

A number of clinical and pathologic parameters were ob-

tained from patients’ charts including details on age, post-

operative treatment and follow-up, tumour stage and hor-

monal analysis. Pathologic material was examined on each

case by SK. Tumours were typed [9] and graded [10] as

previously described. Staging was performed according to

the TNM system of the UICC [11]. Nineteen non-cancer-

ous breast biopsies were also included in these studies to

represent normal breast tissue. A summary of the analysis

involved in this study is illustrated in Fig. 1.

RNA extraction

For RNA analyses, dissected tumours that had been snap-

frozen in liquid nitrogen and then stored at –70/–80�C until

required were homogenised, on ice, in 2 ml TriReagent

(Sigma, Poole, UK) and total RNA was subsequently

isolated according to the manufacturer’s instructions. RNA

quantity and purity were assessed at 260 and 280 nm using

a Nanodrop (ND-1000; Labtech. International, East Sussex,

UK); the A260/A280 ratio of pure RNA is ~2. RNA quali-

tatively was evaluated using an Agilent bioanalyser (Agi-

lent 2100; Agilent Technologies, Santa Clara, CA, USA).

cDNA formation on mRNA template

Following priming with oligo (dT) at 65�C for 5 min,

followed by 1 min incubation on ice, cDNA was synthes-

ised from 100 ng total RNA, using Superscript III RNase

H- (with increased thermal stability; Invitrogen), RNase

OUT Ribonuclease (active against RNase A, B and C;

Invitrogen) and a cocktail of dNTPs, by incubating at 50�C

for 1 h, followed by 70�C for 15 min, in a 40 ll reaction

volume.

Primer design

Primers and TaqMan probes were designed using Primer

Express Software 2.0 ensuring that, for optimum amplifi-

cation efficiency, PCR primers produce an amplicon of

50–150 bp; flanking the probe, without overlap; with no

more than two Gs and/or Cs at the 3¢ end; and with a Tm of

58–60�C. The probe designed to have a G/C content in the

30–80% range, with no runs of four or more identical

nucleotides; avoiding a G at the 5¢ end; and with Tm values

between 68 and 70�C. Primers and dual-labelled probes,

with 6-carboxyfluorescein (FAM) as reporter dye and

6-carboxy-tetramethyl-rhodamine (TAMRA) as quencher,

were prepared by MWG.

Quantitative reverse-transcriptase PCR (qRT-PCR)

The cDNA (diluted 1:10), was amplified in 25 ll reactions

by quantitative PCR (qRT-PCR), using an ABI 7500 Real-

Time PCR System (Applied Biosystems, Foster City, CA,

USA). Following evaluation of 12 potential endogenous

controls, including 18S, acid ribosomal protein, B2-micro-

globulin, b-actin, cyclophilin, GAPDH, phosphoglycero-

kinase, b-glucronidase, hypoxanthine, ribosyl transferase,

transcription factor IID and transferring receptor (Applied

Biosystems; 430992) in a random selection of 14 breast

specimens (seven breast tumours and seven normal breast

specimens), this study involved evaluation, in all 103 breast

carcinomas and 19 normal breast specimens, of PRAME

mRNA. Primer and probes sequences for PRAME ampli-

fication were as follows: forward primer—5¢ ACTGCT-

CCCAGCTTACAACCTTA 3¢ (length = 23 Tm = 58;

%GC = 48); reverse primer—5¢ TACAGCACGTGGGT-

CAGATTG 3¢ (length = 21; Tm = 58; %GC = 52);

probe—ATCTCCATATCTGCCTTGCAGAGTCTCCTG

(length = 30; Tm = 68; %GC = 50), resulting in an ampli-

fied product of 112 bp. The temperature profile of all

reactions was 50�C for 2 min, 95�C for 10 min, 40 cycles of
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95 and 60�C for 1 min. Individual specimens were analysed

in triplicate, with absence of cDNA samples included as

negative controls. Minus reverse transcriptase enzyme and

minus oligo(dT) controls verified no DNA/pseudogene

contamination of starting material. PRAME threshold cycle

(CT) results were subsequently normalised to two suitable

endogenous controls—b-actin and GAPDH—and cali-

brated against MCF-7 cDNA using the comparative CT

method, 2-DDCT [12]. Subsequently, 2-DDCT values of <500

were considered as absent/base-line, while ‡500 levels were

considered as positive expression of PRAME.

Statistical analysis

Statistical (univariate and multivariate) analyses of the

results were performed using the SPSS 10.1 software

package. Descriptive statistics were used to summarise

patient characteristics and statistical analysis of the results

was performed using Pearson’s v2-test to investigate

relationships between mRNA expression and clinicopath-

ological and histopathologic findings. Kaplan–Meier sur-

vival curves were established and were subsequently

checked using the log-rank, Breslow and Tarone-ware tests

(p-values represent log-rank, unless otherwise indicated) to

assess the prognostic and predictive significance of

expression of analysed mRNAs in tumour cells. Multivar-

iate survival analyses were performed using the Cox

regression backward stepwise likelihood ratio. The data

was censored at 5 years for multivariate analysis. p < 0.05

was considered statistically significant.

Results

Patient characteristics

This study involved analysis of 103 breast cancer biopsies

(removed prior to any treatment with tamoxifen or che-

motherapeutic agents) from patients aged between 31 and

90 years at the time of diagnosis (mean age 58 years).

Twenty-six women were <50 years and 77 women were

50 years, or older, at diagnosis.

The size of the tumours ranged between 0.6 and 8.0 cm

(mean 2.8 cm). Eighteen tumours were T1 (<2 cm) in

maximal dimension; 82 tumours were T2 (2–5 cm) and

three tumours were T3 (>5 cm). Eighty-one tumours were

invasive ductal carcinoma, 17 were invasive lobular and

five were tumours of special type (two tubular and three

mucinous). Eleven tumours were grade 1; 39 were grade 2;

and 53 were grade 3. Sixty-six tumours were oestrogen

receptor positive and 34 were oestrogen receptor negative

(oestrogen receptor status was determined by Enzyme

Immuno-Assay (EIA); a positive result was defined as

more than 200 fmol/g protein). Oestrogen receptor status

was not available for three patients. Forty-five tumours had

no axillary metastases and 58 tumours had metastasised to

axillary lymph nodes.

-( )

103 tumours + 19 normal breast specimens 

RNA Isolation 

cDNA formation optimisation 

Primers + TaqMan probe design  
(Primer Express Software 2.0) 

qRT-PCR optimisation & reaction efficiency calibration 

Suitable endogenous control selection considering:
• 18S
• acid ribosomal protein  
• B2-microglobulin
•  β-actin
• cyclophilin  
• GAPDH  
• phosphoglycerokinase  
•  β-glucronidase
• hypoxanthine
• ribosyl transferase  
• transcription factor IID 
• transferrin receptor

β-actin and GAPDH selected

Independent qRT-PCR analysis of:     PRAME + β-actin + GAPDH + *NTC + (-oligo dT) control + (-RT) control

(for each of 122 specimens + calibrator, intriplicate

Normalisation & calibration: 

(*NTC = no template control i.e. (- cDNA)) 

Quantity - Nanodrop 

Quality – Agilent Bioanalyser 

PRAME CT in Specimen X – (β-actin in Specimen X + GAPDH in Specimen X)/2)
PRAME CT in Calibrator – ( β-actin in Calibrator + GAPDH in Calibrator)/2) 2

Statistical (univariate and multivariate) analyses: of expression association with clinicopathological characteristics and patients’ outcome

(using MCF-7 cDNA at serial dilutions as calibrator) 

Fig. 1 Summary of analysis

work-flow
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Sixty-nine women were treated with post-operative

tamoxifen; 25 did not receive tamoxifen. Forty-nine patients

were treated with adjuvant systemic chemotherapy (CMF

+/– adriamycin); 45 patients did not receive chemotherapy.

Details regarding tamoxifen and systemic chemotherapy

were not available for nine patients. Maximal follow-up was

3,026 days with a mean follow-up of 1,887 days.

Detection of PRAME mRNA

The PRAME mRNA was detected in 53.4% (55/103) of the

breast tumour specimens analysed [and in 36.8% (7/19) of

the normal breast specimens].

Prognostic analysis of PRAME for disease-free survival

Cox univariate analysis (Table 1) indicated that expression

of PRAME associated significantly (p = 0.001) with re-

lapse-free survival (RFS). Tumour grade (p < 0.0005) and

size (p = 0.009), treatment with adjuvant chemotherapy

(p = 0.002), lymph node status (p < 0.0005) and ER status

(p = 0.004) also showed significant correlation with RFS.

These results were supported by Kaplan–Meier analysis

(Table 1), which indicated that ER positivity to be a

favourable factor (p = 0.0032), while PRAME expression

(p = 0.0004), increased tumour size (p = 0.007), advanced

grade (p = 0.0013), treatment with adjuvant chemotherapy

(p = 0.0012) and spread to lymph nodes (p < 0.00005) all

correlated significantly with bad prognosis. As detailed in

Table 2, chi-squared analysis indicated no significant

associations between PRAME mRNA expression and other

clinicopathological characteristics. By multivariate analy-

sis (Table 3) independent prognostic factors for RFS were

found to be lymph node status (p = 0.007), tumour grade

(p = 0.013), tumour size (p = 0.005), ER status

(p = 0.015) and PRAME mRNA expression (p = 0.026).

Kaplan–Meier analysis indicating a significant unfavour-

able association between RFS and expression of PRAME

(p = 0.0004) is shown in Fig. 2.

Prognostic analysis of PRAME for overall survival

Univariate Cox analysis (Table 1) indicated PRAME

mRNA expression to be a significant (p = 0.007) prog-

nostic indicator of overall survival (OS). Other factors

investigated in this study which were found to be signifi-

cantly associated with OS include tumour size (p = 0.048),

tumour grade (p < 0.0005), tumour type (p = 0.031) and

lymph node status (p = 0.001). These results were sup-

ported by Kaplan–Meier analysis, indicating PRAME

expression (p = 0.0052), increased size (p = 0.0437),

advanced stage (p = 0.0003) and type (p = 0.0453) of

tumours and spread to lymph nodes (p = 0.0006) signifi-

cantly correlated with poor prognosis. No significant

association was found between OS and age at diagnosis,

ER status (p = 0.05; so approaching significance) or adju-

vant tamoxifen therapy. Figure 2 illustrates significant

unfavourable (p = 0.0052) association between PRAME

expression and OS by Kaplan–Meier analysis. Multivariate

analysis (Table 3) indicated tumour grade (p = 0.014),

tumour size (p = 0.023), ER status (p = 0.035) and

PRAME expression (p = 0.02) to be independent prog-

nostic factors for OS.

Predictive relevance of PRAME expression

To establish if expression of PRAME mRNA is predictive

of response to adjuvant chemotherapy, Kaplan–Meier

Table 1 Univariate Cox analysis supported by Kaplan–Meier analysis

Characteristics Overall survival (OS) Relapse-free survival (RFS)

pa pb pa pb

Age (<50 versus ‡50 years) 0.964 0.9636 0.263 0.2599

Tumour size (<2.8 versus ‡2.8 cm) 0.048* 0.0437* 0.009* 0.007*

Lymph node metastasis (negative versus positive) 0.001* 0.0006* <0.0005* <0.00005*

Histology grade (I and II versus III) <0.0005* 0.0003* <0.0005* 0.0013*

Histology type (IDC versus ILC versus special) 0.031* 0.0453* 0.206 0.0624

ER status (negative versus positive) 0.056 0.0514 0.004* 0.0032*

Chemotherapy (yes versus no) 0.050 0.0457* 0.002* 0.0012*

Tamoxifen (yes versus no) 0.449 0.4475 0.182 0.1784

PRAME 0.007* 0.0052* 0.001* 0.0004*

* Significant parameter—a denoted Cox regression p-value, b indicates Kaplan–Meier p-value; mean size (2.8 cm) was used as cut-off; grades I

and II were grouped together versus grade III; IDC invasive ductal carcinoma, ILC invasive lobular carcinoma. Kaplan–Meier analysis support

the univariate Cox regression studies, indicating ER positivity to be a favourable prognostic factor, with PRAME mRNA expression, increased

tumour size, tumour type, advanced grade, spread to nodes, and adjuvant chemotherapy treatment associated with poor outcome for patients
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analysis was performed on those cases only where che-

motherapy was administered. As indicated in Fig. 3, while

PRAME expression was not predictive of OS for this group

of patients, the results of this analysis suggest PRAME

expression to be predictive of poorer outcome in terms of

RFS (p = 0.0291), with expression of PRAME associated

with shortened time to relapse.

Discussion

In breast cancer, prognostic factors currently relied upon

are those determined by clinical or standard pathological

approaches namely lymph node status, tumour size, histo-

logical grade, nuclear grade and tumour histology. Pre-

dictive factors are limited to ER, progesterone receptor,

and her2/neu, which are used to predict response to hor-

monal treatment and herceptin, respectively; no reliable

predictive markers for response to chemotherapy have been

identified. A more extensive range of prognostic and pre-

dictive markers is needed in order to extend the range of

individualised therapies for breast cancer patients. The

study presented here represents the first reported analysis of

the relevance, to breast cancer patients, of PRAME

expression. Using qRT-PCR analysis of 103 breast tumours

patients, PRAME mRNA expression prevalence and rele-

vance to outcome for patients, over a mean follow-up

period of 1,887 days (maximum follow-up of 3,026 days)

post-diagnosis has been evaluated.

The PRAME mRNA was detected in ~53% of the breast

tumours and ~37% of normal breast biopsies analysed. The

percentage positivity reported in breast tumours here (i.e.

53%) is somewhat higher than that found in the only pre-

vious study of PRAME in mammary carcinomas where,

using RT-PCR, 27% of specimens were reported to express

this transcript [1]. Potential reasons from this discrepancy

may be differences in methods of analysis, for example, the

increased sensitivity of qRT-PCR and the method used by

Ikeda to score PRAME positivity, i.e. in their study sam-

ples were scored positive if their expression of PRAME

gene exceeded 3% of that found in MEL.A cell line.

Analysis of PRAME mRNA in normal breast tissue had not

been investigated previously. Our findings are in keeping

with reports of some PRAME expression present in many

other normal tissue types [1, 5–7].

Although the incidence of PRAME expression has been

assessed in many cancer types by other researchers, the

clinicopathological relevance of its expression has, in

general, been limited to neuroblastoma, leukaemia and

multiple myeloma. A study of 101 neuroblastoma cases

Table 2 Correlation between clinicopathological factors and

expression of PRAME mRNA in breast carcinoma

Characteristics Number of cases PRAME 500 (%) p

Age (years)

<50 14/26 53.8 0.958

‡50 41/77 53.2

Tumour size

T1 (<2 cm) 9/18 50.0 0.726

T2 (2–5 cm) 45/82 54.9

T3 (>5 cm) 1/3 33.3

Lymph node metastasis

Negative 20/45 44.4 0.109

Positive 35/58 60.3

Histology grade

I 5/11 45.5 0.556

II 19/39 48.7

III 31/53 58.5

Histology type

IDC 43/81 53.1 0.955

ILC 9/17 52.9

Special 3/5 60.0

ER status

Negative 18/34 52.9 0.892

Positive 34/66 51.1

Chemotherapy

No 23/45 51.1 0.234

Yes 31/49 63.3

Tamoxifen

No 13/25 52.0 0.697

Yes 39/69 56.5

p-values from v2 analyses; IDC invasive ductal carcinoma, ILC
invasive lobular carcinoma

Table 3 Multivariate Cox regression backward stepwise (likelihood

ratio)

Characteristics Overall survival

(OS)

Relapse-free

survival (RFS)

p p

Lymph node (spread versus

no spread)

NS (0.060) 0.007

ER (absence versus

presence)

0.035 0.015

Histology grade (I and II

versus III)

0.014 0.013

Tumour size (<2.8 versus

‡2.8 cm)

0.023 0.005

PRAME mRNA 0.020 0.026

Parameters included in the multivariate analysis included age, tumour

size, tumour grade, lymph node status, ER status, as well as PRAME

mRNA expression. Mean size (2.8 cm) was used as cut-off; grades I

and II were grouped together versus grade III. This table summarises

significant factors

NS not significant
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(using Northern blotting, RT-PCR or qRT-PCR) indicated

PRAME expression in 93% of primary neuroblastoma and

100% of patients with advanced disease. Results from

RT-PCR and Northern blotting analysis indicated a sig-

nificant association between PRAME expression and both

patients’ age at diagnosis and higher tumour stage, while

analysis of qRT-PCR data at three intervals (those <100,

100–20,000 and >20,000) of expression level indicated

higher expression levels to be associated with unfavourable

outcome in terms of both disease-free survival (RFS/DFS)

and OS [7]. As described previously, analysis of blood

disorders has indicated that PRAME is transcribed in

leukaemia cells, but not in normal bone marrow or

peripheral blood mononuclear cells [13–14]. However,

reports on the clinical relevance of PRAME expression in

blood diseases have been conflicting. PRAME has been

suggested as a specific marker for acute megakaryoblastic

leukaemia, with no expression of this mRNA detected in

transient myeloproliferative disorder [15] and recent stud-

ies have concluded that PRAME quantification by qRT-

PCR appears to be suitable for monitoring minimal residual

disease in PRAME-positive leukaemia [16, 17]. Studies of

childhood acute myeloid leukaemia, however, suggest

PRAME mRNA (found in ~60% of cases) expression to be

an indicator of favourable outcome, in terms of both RFS

and OS [18]. Similarly, in studies of childhood acute

lymphoblastic leukaemia, over-expression of PRAME

mRNA [found in 42% (21/50) cases] was reported to be

associated favourably with disease-free survival, although

statistical significance was not achieved in this case [19]. In

contrast, higher levels of PRAME expression are associ-

ated with advanced stages of multiple myeloma [20].

In our study of breast cancer, PRAME gene expression

at diagnosis did not correlate with established clinical or

pathologic characteristics namely, ER status of patients,

lymph node status, histological sub-type, histological

grade, tumour size or subsequent treatment with adjuvant

chemotherapy. However, as with studies of multiple mye-

loma and neuroblastoma [7], we have found PRAME

expression to be associated with unfavourable outcome for

breast cancer patients—with a significant correlation be-

tween expression of this transcript in breast tumours and

shortened RFS and OS from diagnosis. Indeed, multivariate

analysis indicates that, similarly to tumour grades, tumour

sizes and ER status (i.e. ER-negativity), PRAME mRNA

expression in breast tumours is an independent unfavour-

able prognostic factor for both RFS and OS.

With the exception of a study of leukaemias and lym-

phomas [21], the predictive relevance of PRAME expres-

sion in cancer had not yet been elucidated. Results from

our study were thus analysed to investigate a potential

predictive relevance for PRAME in breast cancer and a

significant association was found between expression of

this transcript and unfavourable outcome for patients who

received adjuvant CMF-based chemotherapy, in terms of

RFS. This finding of PRAME expression apparently pre-

dicting earlier relapse for breast cancer patients (compared

to those whose tumour do not express PRAME) is broadly

in agreement with the study of 98 patients with leukaemias

and lymphomas [21], where significantly reduced levels
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of PRAME mRNA were found following chemotherapy

administration, with increased expression detected in two

patients who relapsed.

The findings reported here suggest that PRAME mRNA

expression may have potential not only as a prognostic, but

also as a predictive, biomarker for breast cancer. Future

studies of larger cohorts of breast cancer and normal tissue,

as well investigations of the prognostic and predictive

relevance of PRAME in other cancer types, will help fur-

ther define the potential of this biomarker as one of a panel

of molecular targets for routine analysis in cancer.
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