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ABSTRACT

Aim: Preferentially expressed antigen of melanoma (PRAME) is a cancer-testis antigen
with very low/no expression in normal tissues. PRAME is an important target for tumor
immunotherapy. Prognostic and in some tumors predictive importance of this expression
have been shown in some solid tumors. The aim of this study is to detect the prognostic
and/or predictive value of PRAME expression in non-Hodgkin’s lymphomas (NHL).
Study Design: Retrospective clinico-pathological study.
Methodology: PRAME expression was determined by immunohistochemistry (IHC) in 62
cases with NHL. However statistical analysis was performed in 54 cases [33 with diffuse
large B cell lymphoma (DLBCL) and 21 with indolent lymphoma (IL)] due to the low
number of the other subtypes.
Results: PRAME expression was detected in 20 of the total 62 cases (32.3%). Nine of 33
cases with DLBCL, 7 of 21 cases with IL, 4 of 6 cases with T-NHL and both of the 2 cases
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of mantle cell lymphoma (MCL). Clinical variables including gender, stage, age,
extranodal involvement and response to chemotherapy were not different in PRAME (+)
and PRAME (-) cases. However PRAME (+) cases had longer PFS and OS than the
PRAME (-) cases, however, no significant difference was found between groups in total.
Furthermore, lymphoma subtype data indicated that while PRAME positivity was
significantly associated with longer OS in cases with IL (p=0.049) but not in DLBCL cases
(p=0.881). Multivariate Cox regression analysis showed that while response to
chemotherapy was an independent risk factor, PRAME and NHL subtype were found not
to be significant independent risk factors associated with the OS rate.
Conclusion: PRAME expression was found in one third of the cases with NHL and there
was no difference in PRAME expression in indolent lymphomas and DLBCL. Although we
did not find the prognostic importance of PRAME with NHL overall, lymphoma subtype
data indicated that PRAME positivity was associated with OS. This may be due to the
relatively low number of the cases and also lack of comparison with RT-PCR which is the
most frequently used method in detection of PRAME expression.

Keywords: PRAME; lymphoma; prognosis; response to chemotherapy.

1. INTRODUCTION

Preferentially expressed antigen of melanoma (PRAME) has been isolated from a patient
with malignant melanoma fifteen years ago [1,2].  Although strict PRAME expression has
been shown in normal testis tissue, it is expressed only in low levels in endometrium,
adrenal glands and ovaries. Microarray and PCR studies have been performed many times
and showed that PRAME is absent in normal hematopoietic tissues including bone marrow,
CD34 (+) stem cells in bone marrow, and B and T cells in peripheral blood [3,4]. For this
reason PRAME is an important target for tumor immunotherapy [1,2]. This tumor associated
antigen has been found to be expressed in hemopoietic neoplasias as well as solid tumors.
In these tumors, biologic function of PRAME is not clear. In some tumors, PRAME has been
found to be a poor prognostic indicator, while other studies found it to be associated with
good clinical outcomes [1,2,5-7]. PRAME expression was found to be an important target in
malignant tumors and has been explored in almost all of the neoplastic disorders. Among
hemopoietic neoplasias, the most frequently studied entities are chronic myelocytic leukemia
(CML) and acute myeloblastic leukemia (AML). However, data about the PRAME expression
in lymphomas is relatively limited [8-20].

The aim of this study was to detect the PRAME expression in NHLs using IHC technique
and determine its prognostic/predictive value in lymphoma cases.

2. PATIENTS AND METHODS

Lymphoma samples taken from 62 cases were used in this study. Samples were collected
from pathology archives. Patients were diagnosed by expert hematopathologists (AA, ME).
Staging was made according to the Ann Arbor staging and patients were treated by standard
chemotherapy (R-CHOP for DLBCL and R-CVP for indolent lymphoma).

Immunohistochemistry: Five μm slices were cut from blocks of formaldehyde-fixed and
paraffin-embedded tissues and were placed on slides for H&E and IHC staining. PRAME
(ab32185, abcam, USA) antibody was performed to polylysine slides by Strept Avidin Biotin
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complex method. Antigen retrieval treatment was performed for 20 minutes in 0.01 M sodium
citrat buffer solution (Ph 6.0), using a microwave oven. Immune complexes were detected
by Strept Avidin Biotin complex (DAKO, K0690, North America) method and visualized by
AEC (3-Amino-9-ethylcarbazole). Slides were counterstained with Mayer’s hematoxyline and
mounted. Testis tissue was used as positive control and negative controls were obtained by
omitting the primary antibody. Stained slides were evaluated according to intensity of
cytoplasmic and/or nuclear positivity as follows; 0 (no staining), 1+ (weak or equivocal
staining), 2+ (moderate staining), or 3+ (strong staining). Tumor positivity was considered
when more than 5% tumor population was stained 2+ or 3+ intensity.

In total, 62 cases were evaluated for PRAME expression, however statistical analyses were
performed on 54 cases (33 with DLBCL and 21 with IL) due to the low number of the other
subtypes. The categorical variables between the groups were analyzed by using the Chi
square test or Fisher's exact test. The predictors of survival were analyzed by the Kaplan-
Meier method and compared by the Mantel log-rank test. Cox proportional-hazard regression
model applied to identify multivariate predictors (forward procedure, Wald method). The
results were reported as mean±SD, median, number (n) and percent (%) and p value <0.05
was considered as significant. Statistical analyses were performed using the statistical
package SPSS v 18.0.

3. RESULTS

PRAME expression was determined in 62 cases with NHL. Ages ranged between 18-87 and
the male/female ratio was 36/26.  Mean age was 52.48±15.86 for whole group, 52.54±15.42
for females and 52.44±16.38 for males. Thirty three of the cases had DLBCL, 21 had
ILincluding follicular lymphoma, marginal zone lymphoma and small lymphocytic lymphoma.
Six cases had T-NHL and 2 had MCL. Four of 6 cases with T-NHL had PRAME expression
while none of the 2 cases with MCL showed PRAME expression.

Figs. 1 and 2 show the positive and negative expression for PRAME by IHC. Fig. 3 shows
the PRAME expression in isotype control (testis tissue).

PRAME expression was detected in 20 of the total 62 cases. PRAME expression was
detected in 16 (29.6%) of the study group (n=54). Seven of 21 cases with IL, and 9 of 33
cases with DLBCL had PRAME expression. PRAME expression was not found to be
different in cases with DLBCL and IL(p 0.634). Clinical variables including age, gender,
stage, extranodal involvement-except central nervous system, resistance to initial
chemotherapy were not different in cases with DLBCL and indolent lymphoma. The
distribution of prame positivity was not found to be different according to these clinical
variables (Table 1).

When we looked at PFS and OS times, patients with advanced stage disease and cases
with resistant disease to the first line chemotherapy had shorter survival times as expected.
In the whole group however PRAME (+) cases had longer PFS and OS than the PRAME (-)
cases, but no significant difference was found between groups (Table 2).

Comparisons of PRAME expression according to NHL subtype and response to
chemotherapy are shown in Table 3.  PRAME positivity was not found to be associated with
PFS and OS in cases with DLBCL. PRAME positivity was associated with longer OS in
cases with IL (p=0.049). Although OS and PFS were shorter in cases with chemoresistant
disease, while significant difference was found between chemoresistant and chemosensitive
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groups in PRAME (-) cases (p=0.011 for OS and p=0.0001 for PFS), no significant difference
was found between the groups in PRAME (-) cases.

Fig. 1. Positive PRAME expression in lymphoma by immunohistochemistry (x400)

Fig. 2. Negative PRAME expression in lymphoma by immunohistochemistry (x400)
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Fig. 3. PRAME expression in isotype control (testis) by immunohistochemistry

Table 1. Clinical variables according to the pathology groups and the distribution of
PRAME positivity according to the clinical variables

Pathology group p PRAME expression group p
DLBCL
(n=33)
n (%)

Indolent
lymphoma
(n=21) n (%)

Negative
(n=38) n

Positive
(n=16)
n (%)

Gender Female 17 (51.5) 7 (33.3) 17 7 (29.2)
Male 16 (48.5) 14 (66.7) 0.190 21 9 (30.0) 0.947

Extranodal
involvement

No 5 (15.2) 6 (28.6) 6 5 (45.5)
Yes 28 (84.8) 15 (71.4) 0.233 32 11 (25.6) 0.198

Bone No 29 (87.9) 14 (66.7) 31 12  (27.9)
Yes 4 (12.1) 7 (33.3) 0.059 7 4 (36.4) 0.584

Bone marrow No 29 (87.9) 21 (100.0) 34 16 (32.0)
Yes 4 (12.1) 0 (0.0) 0.097 4 0 (0.0) 0,177

Gastrointestinal No 26 (78.8) 20(95.2) 32 14 (30.4)
Yes 7 (21.2) 1 (4.8) 0.097 6 2 (25.0) 0.756

Central Nervous
System

No 27 (81.8) 21(100.0) 33 15 (31.2)
Yes 6 (18.2) 0 (0.0) 0.043 5 1 (9.1) 0.461

Head-neck No 26 (78.8) 17 (81.0) 28 15 (34.9)
Yes 7 (21.2) 4 (19.0) 0.847 10 1 (9.1) 0.095

Stage Early 20 (60.6) 9 (42.9) 21 8 (27.6)
Advanced 13 (39.4) 12 (57.1) 0.202 17 8 (32.0) 0.723

Relapse No 23 (69.7) 16 (76.2) 26 13 (33.3)
Yes 10 (30.3) 5 (23.8) 0.604 12 3 (20.0) 0.337

Chemotherapy
Response

Sensitive 28 (84.8) 18 (85.7) 32 14(30.4)
Resistant 5 (15.2) 3 (14.3) 0.930 6 2(25.0) 0.756

PRAME Negative 24 (72.7) 14 (66.7)
Positive 9 (27.3) 7 (33.3) 0.634

Abbreviations: DLBCL: Diffuse large B cell lymphoma
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Table 2. Three years of overall survival and progression free survival

OS (%) p* PFS (%) p*
Pathology group DLBCL 56 52

Indolent Lymphoma 68 0.397 59 0.705
Stage Early 81 72

Advanced 38 0.009 34 0.004
Chemotherapy response Sensitive 69 62

Resistant 25 0.050 14 0.0001
Extranodal involvement No 75 75

Yes 57 0.370 50 0.302
PRAME Negative 54 48

Positive 77 0.143 68 0.296
Total 61 55

*Log Rank test, Abbreviations:  DLBCL: Diffuse large B cell lymphoma, OS (%): Overall survival and
PFS (%): Progression free survival  results at 3 year

Table 3. Three years of overall survival and progression free survival according to the
pathologic subgroup and PRAME expression

Groups Subgroups OS (%) p* PFS (%) p*

Pathologic subgroup
DLBCL PRAME (-) 56 49

PRAME(+) 57 0.881 57 0.999
Overall 56 52

IL PRAME (-) 50 45
PRAME(+) 100 0.049 80 0.130
Overall 68 59

PRAME expression Negative CT Sensitive 63 59
CT  Resistant 17 0.011 0 0.0001
Overall 54 48

Positive CT Sensitive 82 72
CT  Resistant 50 0.987 50 0.449
Overall 77 68

*Log Rank test, Abbreviations:  DLBCL: Diffuse large B cell lymphoma, IL: Indolent lymphomas, CT:
chemotherapy, OS (%): Overall survival and PFS (%): Progression free survival results at 3 year

Fig. 4 shows the comparisons of the different subgroups for OS curves according to the
pathologic subgroup, PRAME expression and response to chemotherapy.

Multivariate Cox regression analysis showed that while response to chemotherapy was
found to be an independent risk factor, PRAME and NHL subtype were not found to be
independent risk factors significantly related with the OS rate (Table 4).

Table 4. Results of multivariate cox regression analyses

B SE OR (95% CI) p
PRAME (negative) 0.672 0.697 1.9 (0.5-7.7) 0.335
Pathology (IL) 0.761 0.669 2.1 (0.5-7.9) 0.255
Chemotherapy (Resistance) 1.410 0.594 4.1 (1.3-13.1) 0.018
Age 0.060 0.021 1.1 (1.0-1.1) 0.004

IL: Indolent lymphomas, SE: Standard error, B: Regression coefficient, OR: Odds ratio, CI: confidence
intervals
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Fig. 4. Overall Survival curves according to the NHL subtype, PRAME expression and
response to chemotherapy (CT)
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4. DISCUSSION

Since the discovery of PRAME, studies about its significane are increasing with some
promising results. NHLs are highly heterogeneous neoplastic disorders with variable
responses to treatments and outcome. Besides the morphologic subtype, biologic properties
are very important. The prognostic significance of PRAME has been shown in a variety of
malignant tumors and, in limited studies, in lymphoma as well. There is relatively limited data
about PRAME expression in lymphomas. In a study (n= 108) covering various hemopoietic
neoplasias PRAME has been found in 3 of 30 cases with NHL and 1 of 7 cases with
Hodgkin’s lymphoma (HL) [5]. In another study PRAME expression was found in 7 of 16
cases with MCL [21]. In our study group there were only 2 cases with MCL and none of
these 2 cases showed PRAME expression. Gene-expression profile was analyzed in HL cell
lines and PRAME expression was found in resistant cell lines .It has been suggested that
aberrantly expressed PRAME may be a target for immunotherapy in HL [22-24].

Thus, PRAME expression in NHL has not been decisive due to the small number of the
cases studied.  mRNA expression of 32 cancer testis antigens has been assessed by RT-
PCR in 9 DLBCL cell lines and PRAME has been found in all of the 9 cell lines. Among
these cell lines, 3 had ABC-like gene expression profile [25]. So far, the most comprehensive
study about PRAME expression in NHL has been reported by Kawano et al. [26]. cDNA
microarray analysis has been used by Kawano to identify the genes expressed in
chemotherapy resistant and sensitive cases with DLBCLs (7 cases and 6 cases,
respectively).  Nine genes on the cDNA chip showed increased expression in anthracycline
resistant patients and the highest expression belonged to PRAME. This group of
investigators also studied PRAME by RT-PCR in 45 lymphoma samples. PRAME expression
was found in 12 of 45 casesand most prominent in patients with anthracycline resistant
disease. PFS was found to be shorter in PRAME (+) cases than PRAME (-) cases. Also
progressive disease was higher in PRAME (+) cases as compared with PRAME (-) cases
(50% vs 18%, respectively). Although the authors did not determine mechanisms involved in
cases where there was no response to therapy in PRAME (+), the authors suggested that
PRAME specific immunotherapy may be a clinical strategy in anthracycline resistant
patients. In summary, prognostic and predictive value of PRAME expression has been
shown clearly in Kawano’s study [26]. In similar way, PRAME expression has been found in
resistant HL cell lines and these studies also suggested an association between
anthracycline resistance and PRAME expression [22].  We found PRAME expression in one
third of the cases with NHL and one fourth of the cases with DLBCL. We did not find clear
prognostic/predictive significance of this antigen, but we detected longer PFS in cases with
IL and we could not define the cause of this result. PRAME was not found as an
independent risk factor in multivariate analysis. Response to initial treatment was not
different in our PRAME (+) and (-) cases while in Kawano’s study PRAME positivity was
found to be related with chemotherapy resistance and progressive disease. The difference
may be due to the different methodologies used in these 2 studies. They used RT-PCR while
we used IHC and we know that RT-PCR is the most commonly used method for detection of
PRAME. However, recently IHC has been used in cases with osteosarcoma and prognostic
significance was clearly shown [27]. IHC is an easy and usable technique in almost every
laboratory and is useful method in daily clinical practice. Additionally we compared RT-PCR
and IHC in HL and we found a correlation between these two methods (unpublished data).
Another potential explanation for the different results may be related to the use of rituximab.
Patients in Kawano’s study did not receive rituximab, while our cases with DLBCL did . We
know that rituximab containing regimen is standard for B cell NHL. As pointed out very well,
rituximab induces apoptosis, promotes phagocytosis and cross priming cytotoxic T cells
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(CTLs) [28]. It is possible that CTLs can be activated with rituximab use in PRAME (+)
DLBCLs. So we can define the lack of difference for response in PRAME (+) and (-) cases in
DLBCL cases receiving rituximab according to this scientific data. In fact there are many
studies about the prognostic/predictive properties of the PRAME and also strategies for
immunotherapeutic approach both in solid tumors and in hemopoietic neoplasias [29-41].

We found PRAME in 4 of the 5 cases with T-NHL. We did not find a previous study
evaluating PRAME in T-NHL. Unfortunately, we could not compare the clinical significance
due tothe very low number of the cases.

Our study has 2 limitations, first is low number of the cases and second is the lack of
comparison of IHC with RT-PCR method.  We have evidence, although not published, that
IHC results correlate well with RT-PCR results in Hodgkin’s lymphoma case. Similar
confirmation came from a study with osteosarcoma as mentioned above.  Thus our results
should be considered preliminary and further studies using a larger sample size are still
needed to allow us to better assess the prognostic and predictive value of PRAME
expression in cases with lymphoma.
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