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Abstract: Altered expression of the ER-resident aminopeptidases ERAP1 and ERAP2 might play an important role 
in shaping the MHC class I-presented peptide repertoire, but their function in tumors has not been determined in 
detail. Thus, the expression of ERAP1, ERAP2 and HLA class I heavy chain (HC) was analysed in various renal tumor 
types and corresponding kidney parenchyma by immunohistochemistry. Additionally, comparative expression profil-
ings of untreated versus interferon (IFN)-γ-treated RCC cell lines were performed applying qRT-PCR, Western blot 
and/or flow cytometry. Normal kidney tissues showed strong ERAP1 staining in the proximal tubules of 57.4 % of 
cases, in the distal tubules of 94.3 % of cases and in the medulla of 88.6 % of cases, whereas high ERAP2 levels 
were observed in the medulla of 77.1 % of cases and in both, proximal and distal tubules of about 88 % of cases. 
Imbalanced, downregulated and RCC subtype-specific ERAP1 or ERAP2 expression was detected in 12.7 % or 43.8 
% of samples analyzed, respectively. A coordinated downregulation of ERAPs was found in 4.8 %, an upregulation of 
ERAP1 or ERAP2 in 22.8 % or 2.0 % of RCC lesions. No association exists between ERAP and HLA class I HC expres-
sion for any tissue type. A heterogeneous constitutive ERAP expression pattern was also detected in RCC cell lines 
with lower ERAP2 than ERAP1 expression levels, which was in 11/17 RCC cell lines inducible by IFN-γ. Conclusively, 
ERAP1 and ERAP2 might be involved in the development of immune escape mechanisms of RCC.
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Introduction

Antigenic peptides are generated by different 
proteases in distinct subcellular compartments 
and are important for the quality control of 
major histocompatibility complex (MHC) class I 
antigen presentation [1-3]. Besides the multi-
catalytic proteasome cleaving intracellularly 
synthesized, ubiquitinated proteins into inter-
mediate peptide fragments, other cytosolic and 
endoplasmic reticulum (ER)-resident proteases 
are required for further trimming. The 
ER-associated aminopeptidases ERAP1 and 
ERAP2 either trim residual N-terminal extended 
peptides to a length fitting into the HLA class I 
peptide-binding groove [4-6] or even destroy 

peptides [7-10] suggesting an important role for 
ERAPs in the generation of antigenic peptide 
repertoire presented by HLA class I surface 
molecules [11]. Since the efficacy of ERAP1/2 
trimming is important for the rate limiting for 
MHC class I peptide loading and immunodomi-
nance of CD8+ T cell epitope the absence of 
ERAP might affect the cellular immunogenicity 
[1, 4, 12, 13]. While the presentation of some 
selected antigens is unaffected by aberrant 
ERAP deficiencies, others might be substantial-
ly upregulated. The extent by which ERAP 
expression alter the total peptide repertoire 
and its immunological consequences, still 
remains to be determined. However, it has 
recently been shown that silencing of ERAP 
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quences of deregulated ERAP1 and 
ERAP2 expression on HLA class I surface 
expression levels have been controver-
sially discussed. Loss or imbalance of 
ERAP expression might have clinical rele-
vance and could be associated in some 
tumor entities with disease progression 
and poor patients’ outcome [22]. The het-
erogeneous and discordant expression 
pattern of both aminopeptidases as well 
as alterations in their enzyme activity 
could be caused by structural alterations, 
transcriptional as well as post-transcrip-
tional regulation [21, 23]. In neuroblasto-
ma, the downregulated ERAP expression 
has been associated with the low avail-
ability of the transcription factor NF-κB 
[24]. Furthermore, constitutive ERAP 
expression could be upregulated by inter-
feron (IFN) [6], the leukaemia inhibitory 
factor [17], which could be produced by 
cells of the tumor microenvironment. 
Concerning renal cell carcinoma (RCC), 
only seven RCC lesions of unknown sub-
type have been analysed suggesting a 
loss of ERAP1 and ERAP2 expression in 
kidney cancer [15]. The present study 
analyzed the constitutive ERAP1 and 
ERAP2 mRNA and protein expression pat-
tern in normal kidney tissues and RCC 
lesions of distinct subtypes in order to 
determine whether (i) there exists an 
imbalanced ERAP1 and ERAP2 expres-
sion pattern in both normal kidney epithe-
lium and RCC lesions as well as between 
different RCC subtypes, (ii) ERAPs are co-
ordinately regulated with the HLA class I 

Table 1. Characteristics of tumor patients and tumor 
lesions analysed

characteristics Number of cases
gender female 89

male 167
unknown 78

subtype clear cell 98
papillary 76
chromophobe 102
oncocytoma (benign) 58

stage pT1a 89
pT1b 63
pT2 51
pT3a 31
pT3b 18
missing 24

N N0 189
N1 2
N2 5
missing 80

M M0 172
M1 9
missing 95

histopathological 
grade (N):

1 49
2 177
3 28
4 1
missing 21

UICC stage I 111
II 27
III 31
IV 9

caused peptide loading defects resulting in effi-
cient rejection of tumor cells by natural killer 
(NK) cells [14].

So far, there exists only limited information con-
cerning the expression of ERAP1 and ERAP2 
both in murine and human normal or malignant 
tissues [15]. Immunohistochemical stainings of 
tissue samples with ERAP-specific antibodies 
demonstrated ERAP expression in normal kid-
ney [16], extratrophoblasts [17], endometrium 
[18] as well as in tumors of distinct histotypes 
including endometrial adenocarcinoma, cervi-
cal cancer and melanoma [15, 18-21]. While an 
association between the expression pattern of 
ERAP1, ERAP2 and/or HLA class I antigens was 
found in some normal tissues [15], the conse-

heavy chain (HC), (iii) impaired ERAP expres-
sion could be associated with tumor grade and 
stage and (iv) altered ERAP1 and ERAP2 
expression could be enhanced by cytokines.

Material and methods

Antibodies

The following monoclonal antibodies (mAb) 
were used in this study: the murine mAb 4D2 
raised against recombinant human ERAP1 [16], 
mAb 3F5 directed against human recombinant 
ERAP2 [25], the mAb HC10 recognising the 
β2-microglobulin (β2-m)-free HLA class I HC [26] 
and the b-actin-specific mAb (ab 6276, Abcam, 
Cambridge, UK). The activities of the mAb prep-
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arations were all tested on lymphoid cell 
lysates.

Tissue specimen and immunohistochemistry 
(IHC)

Tumor specimens from clear cell, chromophobe 
and papillary RCC lesions as well as from 
benign oncocytoma and normal tissues were 
obtained from patients during nephrectomy. 
Normal kidney tissue was obtained at resection 
margins as far away from the tumor as possible 
and examined by two experienced surgical 
pathologist (AH and SB). Only normal tissue 
samples without any histologic alterations were 
included in the study.

All specimens were diagnosed according to the 
WHO classification of tumors [27], staging was 
performed according to the tumor-node-metas-
tasis (TNM) system [28]. The tissue collection 
was approved according to the recommenda-
tion of the Ethical committee of the different 
universities. The patients’ mean age was 63.4 
years. The clinical-pathological characteristics 
of the RCC lesions are summarized in Table 1. 
After slide review by two experienced surgical 
pathologists (AH and SB), a tissue micro array 
(TMA) was constructed from representative 1.5 
mm large tissue punches as described [29]. 
The TMA included 98 RCC cases of clear cell, 
102 of chromophobe, 76 of papillary subtypes 
and 58 oncocytoma and 300 normal kidney 
tissues.

Immunohistochemical staining of the formalin-
fixed, paraffin-embedded tissues was per-
formed as recently described [30] and all slides 
were reviewed blinded by two experienced sur-
gical pathologists (AH and MB). One of the 
pathologists (MB), is highly specialized on 
nephropathology. Therefore, a discrimination 
between the different tubuli sections was pos-
sible without marker protein staining on serial 
sections, which would have compromised the 
study due to tissue limitations. The percentage 
and intensity of stained tumor cells and tubular 
cells of normal kidney tissues were evaluated, 
while other tissue components were ignored. 
The results were scored as negative (0), hetero-
geneous (1) and positive (2), when the percent-
age of stained cells was < 25, between 25 and 
75, and > 75, respectively, whereas the stain-
ing intensity was classified as negative (0), 
weak (1), moderate (2) and strong (3). A com-
bined score was generated by addition of both 

scores: Combinations of “0” for either frequen-
cy or percentage of intensity with other values 
remained “0” were regarded as negative com-
bined scores of “2” as weak, of “3-4” as moder-
ate, and of “5“ as strong expression [31]. For 
statistical purposes, negative and weak as well 
as moderate and strong expression levels were 
grouped together and designated as “low” and 
“high” expression range, respectively. The 
expression of the respective marker in each 
tumor was compared to that of the correspond-
ing normal tissue. The staining pattern of clear 
cell and papillary RCC was compared to the 
staining of proximal tubuli in the normal cortical 
tissue of the same sample, whenever possible, 
while chromophobe RCC and oncocytoma 
stainings were compared to the staining pat-
tern of collecting duct, whenever possible. If 
the required tubuli sections were not available, 
the sample was omitted from statistical analy-
sis. Negative controls were performed by omit-
ting primary antibodies.

Cell lines, cell culture and cytokine treatment

A panel of 17 human RCC cell lines and 1 cell 
line representing normal kidney epithelium [32] 
grown in RPMI 1640 supplemented with 10 % 
fetal calf serum (FCS, BRL, Life Technologies, 
Karlsruhe, Germany), 2 % glutamine and 1 % 
penicillin, streptomycin in a humified atmo-
sphere with 5 % CO2 at 37° C, was either left 
untreated or treated for 24 and 48 hours with 
20 µg/ml recombinant IFN-g (R&D Systems; 
Minneapolis, USA).

Semi-quantitative RT-PCR analysis

Total cellular RNA of cell lines was extracted 
employing the RNeasy Mini Kit (Qiagen, Hilden, 
Germany) followed by digestion with DNase I 
(Invitrogen GmbH, Darmstadt, Germany). cDNA 
was synthesized from 500 ng of total RNA 
employing the RevertAidTM H Minus First Strand 
cDNA Synthesis Kit (Fermentas, St. Leon-Rot, 
Germany) according to the manufacturer’s 
instructions. The primer pairs for ERAP1 and 
ERAP2 along with the conditions and parame-
ters used for semiquantitative and/or compara-
tive qRT-PCR have been recently described 
[21].

Western blot analyses

20 µg protein/lane of total extracts isolated 
from untreated and IFN-g-treated RCC/control 
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cell lines were separated by 10 % SDS PAGE 
and then transferred onto nitrocellulose mem-
branes (Schleicher & Schuell, Dassel, Germany). 
The membranes were sequentially incubated 
with mAbs directed against ERAP1 [16], ERAP2 
[25] or HC10 [26] at 4°C overnight followed by 
incubation with suitable HRP-conjugated sec-
ondary antibodies as recently described [21]. 
Immunostainings of the blots with an anti-b-
actin mAb (Abcam) served as loading controls.

Statistical analysis

The results of immunohistochemical stainings 
were correlated with the histopathological 
characteristics of the RCC lesions and with the 
clinical characteristics of the patients utilizing 
two-sided exact χ2-test (Pearson). P values < 
0.05 were considered to be significant. 
Statistical analyses were performed utilizing 
the Statistical Package for the Social Sciences 
(SPSS) version 17.0 (SPSS, Chicago, USA).

Results

Detection of ERAP1 and ERAP2 in normal 
kidney tissues

Normal kidney tissues (n = 300) were investi-
gated for the expression of ERAP1 and ERAP2 
as well as HLA class I heavy chain (HC) by stain-

ing of TMAs with respective mAbs. As represen-
tatively shown in Figure 1A heterogeneous 
ERAP1 and ERAP2 expression was detected in 
the distinct regions of the kidney: High levels of 
ERAP1 were found in the proximal tubules of 
57.4 % (147/256) of cases, in the distal tubules 
of 94.3 % (283/300) of cases and in the medul-
la of 88.6 % (147/256) of cases, whereas high 
ERAP2 expression levels were found in the 
proximal tubules of 88.7 % (39/445) of cases, 
in the distal tubules of 88.3 % (264/299) of 
cases and in the medulla of 77.1 % (37/48) of 
cases. However, neither ERAP1 nor ERAP2 
expression were associated with HLA class I HC 
expression levels, which were high in the proxi-
mal tubules of 39.6 % (105/265) of cases, in 
the distal tubules of 99.6 % (256/257) of cases 
and in the medulla of 59.4 % (41/69) of cases. 
These data demonstrate for the first time a het-
erogeneous, but also discordant expression 
pattern of both aminopeptidases in the differ-
ent localizations of the normal kidney 
epithelium.

Heterogeneous ERAP1 and ERAP2 expression 
in RCC lesions

To determine whether ERAP1 and ERAP2 are 
differentially expressed in tumor lesions when 
compared to normal tissue, 334 RCC specimen 

Figure 1. Representative example of ERAP1, ERAP2 and HLA class I HC expression in normal renal tissue (No) and 
corresponding tumor tissue (Tu). Expression of the three markers in the tumor tissue independently varies relative 
to the proximal tubules which are the tissue of tumor origin: ERAP1 expression is unchanged, while ERAP2 expres-
sion is reduced and HLA class I HC expression is increased (original magnification: 400x). All photographs display 
the same case of clear cell RCC.
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and 300 renal parenchyma tissues were 
stained in parallel with ERAP1- and ERAP2-
specific mAbs. Representative staining pat-
terns for ERAP1 and ERAP2 in renal tumors are 
shown in Figure 1. All possible ERAP pheno-
types could be identified: Single ERAP1 or 
ERAP2 losses were found in 12.7 % (20/158) 
and 43.8 % (43/98) of RCC lesions, respective-
ly, whereas 22.8 % (36/158) and 2.0 % (2/98) 
of RCC lesions displayed higher ERAP1 or 
ERAP2 expression levels compared to normal 
kidney epithelium. 4.8 % (4/82) of RCC lesions 
exhibited a coordinated downregulation of both 
aminopeptidases.

Association of altered ERAP expression with 
tumor characteristics and disease

The frequencies for loss or gain of ERAP expres-
sion were calculated for each cell type. This 
was important since clear cell and papillary 

RCC derive from proximal tubule cells, whereas 
chromophobe RCC and oncocytoma arise from 
collecting duct. However, a drawback of this 
approach is the limited number of accessable 
normal/tumor tissue pairs and respective RCC 
subtypes. In order to determine whether the 
frequency of altered ERAP expression is either 
linked to distinct kidney tumors or to a more 
aggressive tumor phenotype, ERAP stainings of 
RCC subtypes and oncocytoma were performed 
and correlated to that of the tissue of origin and 
clinical parameters (Table 2A and 2B). Using 
this strategy the differential ERAP1 expression 
pattern between chromophobe RCC and onco-
cytoma was significant (p = 0.022). ERAP2 
appears to be more frequently downregulated 
in renal tumors than ERAP1, whereas ERAP1 
was often found to be upregulated in RCC 
lesions. However, neither an association 
between the expression profiles of ERAP1/

Figure 2. Expression changes of ERAP1, ERAP2 and HLA class I HC in RCC (original magnification: 400x). A. Papil-
lary RCC UICC stage I dispaying higher ERAP1 expression than the proximal tubulues of the corresponding normal 
renal tissue. B. Clear cell RCC UICC stage III displaying reduced ERAP2 expression relative to the proximal tubules 
of the corresponding normal renal tissue and C. Papillary RCC displaying higher HLA class I HC expression than the 
proximal tubules of the corresponding normal renal tissue. No: normal renal tissue, Tu: tumor tissue.
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face antigens in tumor cells, while Fruci and 
coauthors [33] described a more frequent cor-
relation of ERAP1 than ERAP2 with HLA class I 
antigen expression. In order to determine 
whether there exists a correlation of ERAP1 or 
ERAP2 and HLA class I HC expression levels, 
the TMA was stained in parallel with ERAP- and 
HLA class I HC-specific mAbs. As listed in Table 
2C a loss or downregulation of HLA class I HC 

Table 2. Correlation of ERAP and HLA class I HC expression pattern with tumor subtype (A,C) and 
disease parameters (B, D)
A clear cell RCC papillary RCC chromophobe RCC oncocytoma total no of 

lesions
ERAP1  downreg. 15.1% 

(8/53)
11.6% 
(5/43)

7% 
(3/43)

21.1%
 (4/19) 158ERAP1 upreg. 13.2% 

(7/53)
30.2% 

(13/43)
34.9% 

(15/43)
5.3% 

(1/19)
 p = 0.057 chromophobe RCC vs. oncocytoma p = 0.022

ERAP2 downreg. 50.0% 
(21/42)

32.7% 
(16/49)

75% 
(3/4)

100% 
(3/3) 98ERAP2 upreg. 2.4% 

(1/42)
2.0% 

(1/49)
0% 

(0/4)
0% 

(0/3)
p = 0.190

B UICC low stage
(stage 1 + 2)

UICC high stage
(stage 3 + 4)

low grade
(grade 1 + 2)

high grade
(grade 3 + 4)

total no of 
lesions

ERAP1  downreg. 9.3% 
(9/97)

25% 
(6/24)

10.7% (13/122) 22.2% 
(4/18)

121 (UICC 
stage)

140 (grade)ERAP1 upreg. 22.7% 
(22/97)

16.7% 
(4/24)

25.4% (31/122) 22.2% 
(4/18)

UICC stage p = 0.122; grade p = 0.450

ERAP2 downreg. 35.8% 
(24/67)

52.2% 
(12/23)

42.9% 
(36/84)

36.4% 
(4/11)

90 (UICC 
stage)

95 (grade)
ERAP2 upreg. 3.0% 

(2/67)
0% 

(0/23)
2.4% 

(2/84)
0% 

(0/11)
UICC stage p = 0.268; grade p = 0.807

C clear cell 
RCC

papillary 
RCC

chromophobe RCC oncocytoma total no of 
lesions

HLA class I HC loss/
downreg.

7.7% (4/52) 11.1% 
(5/45)

18.2% 
(2/11)

0% 
(0/4)

112
HLA class I HC upreg. 36.5% (19/52) 15.6% 

(7/45)
27.3% 
(3/11)

25% 
(1/4)

p = 0.322

D UICC low stage
(stage 1 + 2)

UICC high stage
(stage 3 + 4)

low grade
(grade 1 + 2)

high grade
(grade 3 + 4)

total no of 
lesions

HLA class I HC loss/
downreg.

9.2% (7/76) 13% 
(3/23)

11.5% 
(11/96)

0% 
(0/12)

99 (UICC 
stage)

108 (grade)HLA class I HC upreg. 31.6% (24/76) 13% 
(3/23)

29.2% 
(28/96)

8.3% 
(1/12)

UICC stage p = 0.240; grade p = 0.083
Summary of the total number of tumor lesions analyzed for ERAP1, ERAP2 and HLA class I HC expression alterations (A, C) and 
their association with tumor stage and grade (B, D). Statistical test used: two-sided exact χ2-test (Pearson). P-values should be 
interpreted carefully due to the small amount of cases in the groups chromophobe, oncocytoma, high stage and high grade.

ERAP2 and the tissue origin nor with clinical 
parameters exists (Table 2B).

Correlation of ERAP with HLA class I heavy 
chain expression

It has been recently reported that low ERAP1 
and/or ERAP2 expression is often associated 
with a reduced expression of HLA class I sur-
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expression was downregulated in 
11 RCC cell lines. In some cases a 
coordinated, in others a discor-
dant ERAP1 and ERAP2 expres-
sion pattern was detected. IFN-γ 
treatment induced ERAP1 and 
ERAP2 mRNA and protein expres-
sion in 10/17 RCC cell lines, but to 
a different extent (Figure 4), which 
was also accompanied by an 
increased HLA class I surface anti-
gen expression (data not shown). 
The lack of IFN-γ-mediated ERAP 
induction might be at least par-
tially due to an IFN-γ resistance, 
since the IFN-γ-inducible β2-m was 
also not upregulated in all IFN-γ-
treated RCC cell lines tested 
(Table 3).

Discussion

staining was detected in 9.8 %, an overexpres-
sion in 26.8 % of renal tumors when compared 
to respective control tissues. A representative 
example of discordant ERAP1, ERAP2 and HLA 
class I HC is shown in Figure 1, an example of 
HLA class I HC overexpression in papillary RCC 
in Figure 2 and the correlation with the clinical 
parameters is summarized in Table 2D. Since 
the number of RCC lesions with high UICC stage 
and grade as well as of chromophobe RCC and 
oncocytoma were very low, the reliability of the 
statistical tests might be influenced. The HLA 
class I HC expression is not associated with the 
ERAP expression pattern in distinct RCC sub-
types, nor with the UICC stage or tumor grade.

Heterogeneous constitutive ERAP expression 
in RCC cell ines

In order to get insight into the functional rele-
vance and regulation of ERAP1 and ERAP2 in 
RCC, constitutive and IFN-γ-regulated expres-
sion of both aminopeptidases was monitored in 
17 different RCC cell lines and 1 normal kidney 
epithelium representing cell line. A heteroge-
neous constitutive and IFN-γ-inducible ERAP1 
and ERAP2 expression exists when compared 
to normal kidney epithelium cells (Table 2). As 
representatively demonstrated in Figure 3, rel-
atively high ERAP1 and ERAP2 mRNA and/or 
protein expression levels were detected in 6 
RCC cell lines, whereas ERAP1 and ERAP2 

Since data on ERAP expression in renal tumor 
lesions are very limited, the present study 
determined the protein expression of ERAP1 
and ERAP2 in the four main renal tumor types, 
clear cell RCC, papillary RCC, chromophobe 
RCC and oncocytoma by refering the results of 
tumor stainings to the different cell types of ori-
gin. Comparative immunohistochemical stain-
ings of a TMA composed of 334 RCC lesions of 
distinct origin and if available corresponding 
adjacent normal renal parenchyma was per-
formed. The heterogeneous ERAP1 and ERAP2 
expression pattern in both, different localiza-
tions of the kidney tissue as well as in RCC 
lesions suggested an involvement of these ami-
nopeptidases in shaping the peptide repertoire 
under physiological and pathophysiological 
conditions. In addition, differential expression 
of ERAPs within the distinct regions of adjacent 
kidney tubuli was detected, which is in accor-
dance with some reports [34]. Based on this 
important information, ERAP expression of RCC 
subtypes should be compared to the appropri-
ate control, i.e. the tubular segment regarded 
as the cellular origin of the tumor. However, the 
studies available analysing MHC class I and/or 
APM components in RCC have not yet been 
taken this aspect into account [30, 34]. Losses 
and gains of ERAP1 and ERAP2 protein expres-
sion were identified in RCC lesions with an 
altered frequency in different renal tumor 
types. While increased ERAP1 expression was 

Figure 3. Heterogeneous ERAP1 and ERAP2 expression in RCC cell 
lines. The constitutive mRNA expression levels of ERAP1 (black bars) 
and ERAP2 (white bars) were analysed in a panel of renal cell carci-
noma cells lines as indicated on the x axes by qRT-PCR using ERAP1 
and ERAP2-specific primers. The relative mRNA expression levels were 
normalized to GAPDH, which served as a control.
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Figure 4. Interferon-γ inducibility of ERAP expression in RCC cell lines. RCC cell lines were either left untreated or 
treated for 24 or 48 h with IFN-γ before and RT-PCR, Western blot analysis and flow cytometry was performed. A. 
qRT-PCR of ERAP1, ERAP2 and β2-m in untreated (white bars) and IFN-γ-treated (black bars) RCCs. B. Western blot 
analysis of representative untreated as well as IFN-γ-treated RCC cell lines.
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majority of RCC lines suggest-
ing a deregulation rather than 
structural alterations of ERAP. 
The lack of an IFN-γ-mediated 
increase of ERAP expression 
might be partially due to an 
IFN-γ resistance since the 
expression of other IFN-γ-
controlled APM components 
was also not upregulated by 
this cytokine. This might be 
caused by defects in compo-
nents of the IFN-γ signal trans-
duction pathway [35]. The het-
erogeneity of ERAP and MHC 
class I HC expression in the dif-
ferent RCC subtypes indepen-
dent of tumor grade and stage 
suggest a subtile regulation of 
these components, which 
might be mediated by the 
altered tumor microenviron-
ment due to changes in the fre-
quency of the composition of 
immune cells infiltrating the 
tumor lesion as well as an 
altered metabolism of the 
tumor itself. This might not only 
influence the ERAP and MHC 
expression, but also the reper-

more common in clear cell RCC, ERAP2 was 
more frequently downregulated in this subtype 
and rarely elevated when compared to the 
respective control tissue. For chromophobe 
and papillary RCC and oncocytoma the number 
of lesions analysed was too low for reliable con-
clusions. The same problem arose for correla-
tions of tumor grade and UICC stage with ERAP 
expression levels. Further studies are needed 
to evaluate significance and biological rele-
vance of ERAP1 and ERAP2 up-/downregula-
tion frequencies among those tumors. However, 
the IHC results are consistent with the ERAP 
mRNA and protein expression in RCC cell lines 
ranging from lack to high expression levels. The 
partially discordant ERAP mRNA and protein 
levels suggested a transcriptional as well as a 
posttranscriptional control of both aminopepti-
dases as recently demonstrated in melanoma 
[21], but the underlying mechanisms of altered 
ERAP expression have not yet been determined 
in RCC.

ERAP1 and ERAP2 mRNA and protein levels 
were upregulated by IFN-γ treatment in the 

toire of peptides presented and the immune 
response mounted. Thus, the immune cell infil-
tration of the RCC lesions should be deter-
mined, since high levels of infiltrating T lympho-
cytes may modulate the tumor microenvironment 
leading to an increase of ERAP as well as HLA 
class I HC expression due to IFN-γ secretion of 
these cells.

There exists no association of ERAP expression 
with HLA class I HC expression in RCC lesions. 
However, it is noteworthy that staining of tis-
sues with the HC10 mAb does not give informa-
tion about the MHC class I surface antigen 
expression since the HC 10 mAb only recognis-
es the HLA class I HC, but not the trimeric com-
plex consisting of the HC, β2-m and peptide. 
Therefore, the impact of ERAP on MHC class I 
cell surface expression has to be tested on 
fresh frozen tissue samples. This is further 
strengthened by the fact that the results 
obtained in a number of RCC cell lines suggest 
an association of HLA class I surface antigen 
levels with ERAP1 and/or ERAP2 expression. 

Table 3. Heterogeneous ERAP1 and ERAP2 expression in RCC cell 
lines
Cell lines 
analysed

ERAP1 ERAP2

constitutive IFN inducible constitutive IFN inducible
MZ1257RC + yes - - no
MZ1774RC + yes - yes
MZ1790RC + yes + yes
MZ1795RC - yes - yes
MZ1846RC + no - no
MZ1851RC + no + no
MZ1851LN + yes ++ yes
MZ1879RC + yes - yes
MZ1940RC + yes - yes
MZ1973RC +++ no - no
MZ2175RC ++ yes ++ no
MZ2733RC - yes - yes
MZ2858RC ++ yes - yes
MZ2862RC +++ no - yes
MZ2865RC ++ yes - yes
MZ2877RC ++ no - no
MZ2905 + no - yes
MZ2931RC ++ no + no
MZ1790NN* + no + no
*MZ1790NN is a normal kidney epithelium representing cell line. The ERAP 
expression pattern was normalized to GAPDH. ERAP expression levels of 
MZ1790NN was set 1. 
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The coordinated ERAP and HLA expression is in 
accordance with a recent study in melanoma, 
in which ERAP-specific siRNAs were employed 
[21]. However, the impact of ERAP alterations 
on the HLA class I-presented peptide repertoire 
and mounting of peptide-specific T cell 
response in human tumors requires further 
studies.
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