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Aims: To study abnormalities of proteins of the
major histocompatibility complex class I in a series of
288 salivary gland carcinomas, and to correlate find-
ings with patients’ overall survival (OS).
Methods and results: Protein expression of human
leukocyte antigen (HLA)-A, heavy chain (HC)-10, b2-
microglobulin, low molecular weight polypeptides
(LMP) 2 and 7, transporters associated with antigen
processing (TAP) 1 and 2, calnexin, calreticulin,
endoplasmic reticulum (ER) p57 and tapasin was
evaluated by immunohistochemistry and semiquanti-
tatively analyzed. As compared with normal salivary
gland tissue, HLA-A, LMP7, TAP2 and HLA class I
were significantly down-regulated in salivary gland
carcinomas, whereas b2-microglobulin, calnexin,
LMP2, and TAP1 were upregulated. Expression of cal-

reticulin, ERp57 and tapasin was unaltered. In uni-
variate Kaplan–Meier analyses, low expression of
LMP7 (P = 0.005) and high expression of b2-micro-
globulin (P = 0.028), HLA-A (P < 0.001), TAP1
(P = 0.01), and tapasin (P < 0.001) were signifi-
cantly associated with shorter OS. In multivariate
analysis incorporating tumour stage, nodal/distant
metastasis, and grade, HLA-A (P = 0.014), LMP7
(P = 0.033), and tapasin (P = 0.024), as well as dis-
tant metastasis (P = 0.012) and high tumour grade
(P < 0.001), remained statistically significant.
Conclusion: The prognostic influence of up-regulated
HLA-A and tapasin and down-regulated LMP7 may
provide a rationale for targeting these specific compo-
nents of the antigen processing and presentation
pathway in salivary gland carcinomas.
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Introduction

Salivary gland carcinoma (SGC) is a complex and
heterogeneous disease with an enormous morphologi-
cal diversity and variable clinical course. Although

relatively rare, SGC constitutes the most common
adenocarcinoma of the head and neck region. Ther-
apy strategies for patients with SGC are primarily
based on surgery with or without postsurgical irradi-
ation. Immunotherapeutic strategies successfully
implemented in adenocarcinomas of other origin, e.g.
prostate cancer1 and colorectal cancer,2,3 are extre-
mely difficult to establish in SGC treatment, owing
to the low frequency of the disease and the lack of
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comprehensive knowledge of tumour immune escape
mechanisms, including alterations of components of
the antigen processing machinery (APM) in SGC. To
date, only two studies have addressed the expression
of proteins of the human leukocyte antigen (HLA)
complex in SGC, both focusing on HLA-DR,4,5 and
two other studies have analyzed HLA complex expres-
sion in Warthin’s tumour6 and pleomorphic ade-
noma.7

Effective CD8+ cytotoxic T-lymphocyte responses
require adequate surface expression of the major his-
tocompatibility complex (MHC) class I antigens. Thus,
impaired expression of these antigens might have a
negative impact on tumour immunosurveillance,
on the course of the disease, and on the outcome of
T-cell-based immunotherapies.8–10 Abnormalities in
the MHC class I phenotype of tumours can be caused
by distinct molecular defects within the antigen pro-
cessing pathway.10,11 These include structural altera-
tions, methylation or dysregulation of genes coding
for MHC class I heavy chain (HC) and/or b2-micro-
globulin, as well as for other APM components, such
as the interferon (IFN)-c-inducible immunoprotea-
some subunits, low molecular weight polypeptide
(LMP) 2 and LMP7, transporter associated with anti-
gen processing (TAP), and tapasin.
One major prerequisite for the successful implemen-

tation of immunotherapy is the appropriate expres-
sion of MHC class I molecules on tumour cells.
Therefore, the aim of the present study was to ana-
lyze the expression of various APM components, such
as TAP subunits, calnexin, calreticulin, tapasin,
LMP2, LMP7, and HLA class I antigens, in a series of
288 cases of SGC, and to correlate alterations in
expression with patient survival.

Materials and methods

P A T I E N T S A N D T U M O U R S A M P L E S

Two hundred and eighty-eight carcinomas of major
and minor salivary glands diagnosed at the pathology
departments of Regensburg University, Erlangen Uni-
versity and Nuremberg Hospital between 1984 and
2008 were reviewed. The medical records were
obtained from the clinical tumour registries of Re-
gensburg and Erlangen-Nuremberg, and from the sal-
ivary gland carcinoma registry of the Department of
Otorhinolaryngology-Head and Neck Surgery, Univer-
sity of Erlangen. The registries and the related trans-
lational research activities are covered by ethical
regulations of the medical faculties of the Universities
of Regensburg and Erlangen-Nuremberg.

C L I N I C A L C H A R A C T E R I S T I C S

All patients underwent primary surgery; lymph node
dissection was performed for 204 (70.8%) patients.
Postsurgical radiotherapy or radiochemotherapy was
given in 168 (58.3%) cases with high-grade malig-
nancy, positive resection margins, lymph node metas-
tases, or distant metastasis.
The SGC originated in the parotid (201, 69.8%),

submandibular (42, 14.6%), sublingual (1, 0.3%) and
minor (44, 15.3%) salivary glands. For 55.2% of the
patients, Union for International Cancer Control
(UICC) tumour stages at diagnosis were advanced
(stages III and IV). Cervical lymph node metastases
were obvious in 29.9% of the patients, and distant
metastases occurred in 11.1%. In 255 cases (88.5%),
tumour-free resection margins (R0) were achieved;
33 (11.5%) patients had microscopic (R1) or macro-
scopic (R2) residual tumour after surgery.

F O L L O W - U P S T U D I E S

The patients comprised 138 males and 150 females,
with a mean age of 60.7 years (range 11–99 years) at
diagnosis. The mean follow-up of all patients was
4.89 years (range 0.1–24.8 years). Recurrence was
observed in 68 (23.6%) patients without local or sys-
temic residual tumour after surgery. Death occurred in
109 (37.8%) cases. The 5-year and 10-year overall
survival rates of all patients were 52.3% (93 cases cen-
sored) and 25.3% (146 cases censored), respectively.

H I S T O L O G Y A N D C L A S S I F I C A T I O N

All 288 tumours were independently reviewed by two
pathologists experienced in salivary gland tumour
pathology (S.S. and A.A.) without knowledge of initial
histological diagnosis or clinical follow-up, using hae-
matoxylin and eosin (H&E)-stained and periodic acid–
Schiff (PAS)-stained slides from at least subtotally
embedded tumours. All tumours were classified accord-
ing to the contemporary World Health Organization
(WHO) classification of salivary gland tumours.12

Tumours were staged according to the present UICC
classification,13 and grading was based on a three-
tiered grading system as recently described.14,15 As
shown in Table 1, acinic cell carcinoma, basal cell
adenocarcinoma, epithelial myoepithelial carcinoma,
cystadenocarcinoma and polymorphous low-grade
adenocarcinoma were considered to be low grade (G1),
with the exception of dedifferentiated variants, which
were classified as high grade (G3). Usual salivary
duct carcinoma, adenocarcinoma NOS (not otherwise
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specified), squamous cell carcinoma, oncocytic carci-
noma, malignant mixed tumour, undifferentiated car-
cinoma, small-cell carcinoma and large-cell carcinoma
were classified as high grade (G3). Mucoepidermoid
carcinoma was graded according to the criteria pro-
posed in the current WHO classification.16 Adenoid
cystic carcinomas were divided into predominantly
tubulo-cribriform (G2) and predominantly solid (G3)
tumours. Grading of myoepithelial carcinoma was
based on nuclear pleomorphism and mitotic activity,

similar to the Elston and Ellis grading of breast cancer
with solid growth pattern.17 The 27 cases of carcinoma
ex pleomorphic adenoma were classified and graded
according to the malignant component of the tumour.
All cases of squamous cell carcinoma were classified as
originating from the salivary glands after intensive
staging procedures [computed tomography (CT) or
magnetic resonance imaging (MRI) of the head and
neck, panendoscopy, X-ray, or CT of the chest and
ultrasonography of the abdomen] and exclusion of
metastasis to the salivary gland.

I M M U N O H I S T O C H E M I S T R Y

A tissue microarray (TMA) with one 2.0-mm-diame-
ter punch core per tumour was constructed from for-
malin-fixed paraffin-embedded tissue blocks of all
patients, as previously described.18,19 H&E-stained
TMA sections were used for reference histology to
ensure that the specific tumour type was representa-
tively included in the TMA.
Anti-HLA-A rabbit polyclonal antibody was pur-

chased from Protein Tech Europe (Manchester, UK).
The following monoclonal antibodies (mAb) were
developed and characterized as described in the
related publications: HC-10 (which recognizes b2-mi-
croglobulin-free HLA-A3, HLA-A10, HLA-A28, HLA-
A29, HLA-A30, HLA-A31, HLA-A32, HLA-A33, and
HLA-B [excluding HLA-B5702, HLA-B5804, and
HLA-B73] HC20,21; L368 (recognizing b2-microglobu-
lin)22; SY-1 (LMP2)22; HB2 (LMP7)23; NOB-1
(TAP1)24; NOB-2 (TAP2)24: TO-5 (calnexin)25; TO-11
(calreticulin)25; TO-2 (thiol oxidoreductase p57 of the
endoplasmic reticulum [ERp57])25; and TO-3 (tapa-
sin).26 All the above-mentioned mAbs are IgG1,
except for HC-10, which is IgG2a. The staining was
visualized using the combined mouse/rabbit Envision
and Dual Link horseradish peroxidase (HRP) detection
system (Dako, Hamburg, Germany).
After staining, all slides were reviewed by one of

the authors (M.M.) without knowledge of the clinical
data. As previously described,19,27 an immunoreactiv-
ity score was obtained for each case by multiplying a
value for staining intensity (0, no staining; 1, weak
staining; 2, moderate staining; 3, strong staining) by
the percentage of positively stained cells; thus, the
total could range from 0 to 300. The data for protein
expression were then dichotomized into a group with
a low expression level (score 0–150) and a group
with a high expression level (score 151–300), irre-
spective of the expression in normal tissue.
Whereas all markers showed cytoplasmic staining,

LMP2 and LMP7 could also be detected in the nuclei

Table 1. Distribution of histological subtypes and tumour
grades in 288 salivary gland carcinomas

Histology

Grade

Total1 2 3

Tumours of acinar origin (n = 40)
Acinic cell carcinoma 35 0 5* 40

Tumours of intercalated duct
origin (n = 93)
Adenoid cystic carcinoma 0 39 11 50

Myoepithelial carcinoma 4 5 9 18

Polymorphous low grade
adenocarcinoma

13 0 0 13

Basal cell adenocarcinoma 8 0 0 8

Epithelial myoepithelial
carcinoma

4 0 0 4

Tumours of striated duct
origin (n = 4)
Oncocytic carcinoma 0 0 4 4

Tumours of excretory duct
origin (n = 137)
Mucoepidermoid carcinoma 28 4 11 43

Adenocarcinoma NOS 0 0 36 36

Salivary duct carcinoma 0 0 33 33

Squamous cell carcinoma 0 0 25 25

Tumours of other/unclear
origin (n = 14)
Malignant mixed tumour 0 0 5 5

Undifferentiated/large cell
carcinoma

0 0 5 5

Small cell carcinoma 0 0 2 2

Cystadenocarcinoma 2 0 0 2

94 48 146 288

*Dedifferentiated carcinoma.
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of the cells, as previously described by others.28,29

Therefore, the nuclear and cytoplasmic expression of
LMP2 and LMP7 were analyzed separately.
In order to detect alterations of protein expression

in tumours as compared with normal tissue, 120 sam-
ples of normal salivary glands were used as reference
tissue. The tumours were related to the structures of
their histogenetic origin, as grouped in Table 1. Thirty
samples of each anatomical structure (acinic epithelia,
luminal epithelia of intercalated ducts, striated ducts,
and excretory ducts) were analyzed.

S T A T I S T I C A L A N A L Y S E S

All clinicopathological data were analyzed using SPSS
for Windows, version 18.0 (SPSS, Munich, Germany).
Student’s t-test for two independent samples was
applied to compare mean values and to confirm statis-
tically significant differences in protein expression
between tumour entities and corresponding normal tis-
sue. These analyses were restricted to tumour entities
represented by more than seven cases, with the excep-
tion of oncocytic carcinoma cases. Up-regulation or
down-regulation was noted if the P-value was <0.05.
Associations between categorized parameters were

analyzed by applying the two-tailed Fisher exact test
to contingency tables.
Overall survival (OS), considered to be the primary

outcome measure, was calculated as the time from diag-
nosis to the date of death from any cause or the date
when the patient was last known to be alive. Patients lost
to follow-up were treated as censored cases on the basis
of the date when they were last known to be disease-free
or alive, respectively. Survival curves were generated
using the Kaplan–Meier method, and log-rank tests were
used to compare the distributions between groups.
Clinicopathological parameters were dichotomized

as follows: T1/T2 versus T3/T4, N0 versus N1/N2/
N3, M0 versus M1, and G1 versus G2/G3.
For multivariate analysis, a Cox proportional haz-

ards model was employed, using a backwards, step-
wise elimination approach. At each step, the least
significant factor with P > 0.10 was eliminated, with
reassessment of each factor in the model at each step.
A limit for the factors to be included was set at 5%.

Results

E X P R E S S I O N P R O F I L E O F M H C C L A S S I -

A S S O C I A T E D P R O T E I N S I N S A L I V A R Y G L A N D

C A R C I N O M A S

In order to analyze alterations in the expression of
MHC class I-associated proteins in SGC with respect

to different tumour entities, the tumours were
grouped according to their putative histogenetic ori-
gin (Table 1). Forty tumours were of acinar origin
(acinic cell carcinoma), 93 tumours were of interca-
lated duct origin (adenoid cystic carcinoma, myoepi-
thelial carcinoma, polymorphous low-grade
adenocarcinoma, basal cell adenocarcinoma, and epi-
thelial–myoepithelial carcinoma), four tumours were
of striated duct origin (oncocytic carcinoma), and
137 tumours were of excretory duct origin (mucoepi-
dermoid carcinoma, adenocarcinoma NOS, salivary
duct carcinoma, and squamous cell carcinoma). Four-
teen tumours could not be attributed histogenetically
to one of the aforementioned four histogenetic sub-
groups (malignant mixed tumour, undifferentiated
carcinoma, large-cell carcinoma, small-cell carci-
noma, and cystadenocarcinoma). Figure 1 illustrates
exemplary differences in the expression of LMP7,
TAP1, b2-microglobulin, tapasin and HLA-A in vari-
ous epithelial types of normal salivary gland tissue
and representative tumours. LMP7 (Figure 1E) was
moderately expressed in the cytoplasm (mean score
145.0) and nuclei of acinar epithelia (mean score
158.0). Expression was also high in intercalated, stri-
ated and excretory ducts (mean cytoplasmic LMP7
expression 232.2, 231.3, and 197.5, respectively;
mean nuclear LMP7 expression 209.6, 207.0, and
185.5, respectively). Staining for TAP1 was negative
(Figure 1I). b2-Microglobulin (Figure 1M) was moder-
ately expressed in acini (mean expression 117.7) and
showed low-level expression in intercalated, striated
and excretory ducts (68.6, 45.2, and 54.0, respec-
tively). Tapasin (Figure 1Q) was highly expressed in
excretory, intercalated and striated ducts (mean
scores of 157.5, 141.1, and 153.7, respectively),
whereas acini were almost negative (mean score of
33.0). HLA-A (Figure 1U) was highly expressed in
acinar epithelia (mean score 200.3) as well as in epi-
thelia of intercalated, striated and excretory ducts
(mean scores 214.7, 231.0 and 197.0, respectively).
The analysis of variations in the expression pattern

of MHC class I APM components was restricted to
tumour entities with at least eight cases (with the
exception of oncocytic carcinoma). As shown in Fig-
ure 2, acinic cell carcinomas were characterized by
up-regulation of calnexin, LMP2, TAP1 (see also Fig-
ure 1J), TAP2, and tapasin (Figure 1R). Cytoplasmic
expression of LMP7 was significantly lower in acinic
cell carcinoma (mean score value of 116.8; Fig-
ure 1F) than in normal acini (mean score 158.0). In
general, tumours of intercalated duct origin showed
down-regulation of calreticulin (mean score value of
172.9), HLA-A (mean score of 140.5; Figure 1W),

© 2012 Blackwell Publishing Ltd, Histopathology, 62, 847–859.

850              



LMP7 (mean cytoplasmic score of 140.8 and mean
nuclear score of 129.9; Figure 1G), TAP2 (mean
score value of 159.6), and HLA class I HC (mean
score 111.4). TAP1 was up-regulated in myoepitheli-
al carcinoma (t-test for independent samples
P = 0.012) and basal cell carcinoma (P = 0.268).
Tapasin was down-regulated in adenoid cystic carci-
noma (P < 0.001; Figure 1S) and polymorphous low-
grade adenocarcinoma (P = 0.03).
The four oncocytic carcinomas considered to be of

striated duct origin showed expression patterns
resembling those of tumours of excretory duct ori-
gin. With the exception of adenocarcinoma NOS,
tumours of excretory duct origin were characterized
by overexpression of b2-microglobulin (mucoepider-
moid carcinoma P < 0.001, Figure 1P; squamous
cell carcinoma P < 0.001; salivary duct carcinoma
P < 0.001) and LMP2 (mucoepidermoid carcinoma
P < 0.01; squamous cell carcinoma P < 0.001; sali-
vary duct carcinoma P < 0.05). All tumours origi-
nating from excretory ducts showed up-regulated
TAP1 (P < 0.001; Figure 1L) and down-regulated
TAP2 (P < 0.001). Oncocytic carcinoma and adeno-
carcinoma NOS showed slightly reduced nuclear and
cytoplasmic expression of LMP7 (oncocytic carci-
noma, 185.0 and 152.0, respectively; adenocarci-
noma NOS, 167.8 and 187.9, respectively). Salivary
duct carcinomas and squamous cell carcinomas
showed reduced levels of nuclear LMP7 expression
(mean score values of 85.4, and 79.5, respectively).
Regarding the complete series of 288 SGC cases,

up-regulation was noted for b2-microglobulin (t-test
with P < 0.001), calnexin (P < 0.001), LMP2
(nuclear and cytoplasmic staining P < 0.001), and
TAP1 (P < 0.001), whereas HLA-A (P = 0.001),
LMP7 (nuclear and cytoplasmic P < 0.001), TAP2
(P < 0.001), and HC-10 (P = 0.018) were character-
istically down-regulated. Expression of calreticulin,
ERp57 and tapasin was unchanged.

P R O G N O S T I C I M P L I C A T I O N S O F M H C C L A S S I -

A S S O C I A T E D P R O T E I N E X P R E S S I O N I N S A L I V A R Y

G L A N D C A R C I N O M A S

To study the prognostic relevance of the altered
expression of MHC class I-associated proteins, the
expression data were dichotomized (low expression,
score 0–150; high expression, score 151–300). Uni-
variate Kaplan–Meier survival analyzes revealed that
high expression of b2-microglobulin (P = 0.024),
HLA-A (P < 0.001), TAP1 (P = 0.016) and tapasin
(P < 0.001) were significantly associated with shorter
overall survival (Figure 3). In contrast, high nuclear

expression of LMP7 was a positive prognostic factor
(P = 0.002). Calnexin, calreticulin, ERp57, LMP2,
TAP2 and HLA class I HC did not show any prognos-
tic impact. These factors were not included in further
analyses.

I N T E R D E P E N D E N C E O F P R O G N O S T I C A L L Y

R E L E V A N T M H C C L A S S I - A S S O C I A T E D P R O T E I N

E X P R E S S I O N A N D A S S O C I A T I O N S W I T H

C L I N I C O P A T H O L O G I C A L P A R A M E T E R S

To study the associative interaction between the five
prognostically relevant proteins of the MHC class I
complex, contingency tables were drawn up to apply
two-sided Fisher exact tests. b2-Microglobulin was sig-
nificantly associated with HLA-A, TAP1, and tapasin
(all P < 0.001). Significant associations were also
found between HLA-A and TAP1 (P = 0.019) and
between HLA-A and tapasin (P < 0.001). Also, TAP1
and tapasin were significantly associated (P < 0.001).
In contrast, LMP7 expression was not associated with
the expression of other components, and could be
regarded as being independent.
Fisher exact tests were also applied to study the

relationship of prognostically significant MHC class
I-associated proteins with known tumour-specific clin-
icopathological parameters used in the UICC classifi-
cation system (T, N and M stages, and grade).
Parameters such as age, sex and tumour localization
were not analyzed, irrespective of their clinical prog-
nostic relevance, as a pathogenetic link between them
and MHC class I-associated proteins appeared rather
unlikely. R-classification was also disregarded, as it
depends on the success of surgical therapy, and is
therefore not a category of the tumour itself. High
expression of HLA-A was significantly associated with
high local tumour stage (T3/T4) and positive nodal
status (P = 0.016 and P = 0.001, respectively); high
expression of tapasin was associated with positive
lymph nodes (P = 0.01); and nuclear down-regula-
tion of LMP7 was preferentially found in high-grade
tumours (G2/G3, P = 0.011).

P R O G N O S T I C R E L E V A N C E O F I M P A I R E D M H C

C L A S S I A P M C O M P O N E N T E X P R E S S I O N

R E G A R D I N G T U M O U R - S P E C I F I C

C L I N I C O P A T H O L O G I C A L P A R A M E T E R S

Multivariate Cox regression analysis was used to
assess parameters that turned out to be prognostically
relevant in univariate Kaplan–Meier analyses. The
multivariate regression model was adjusted by step-
wise backwards selection (Table 2). The analysis was
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Figure 1. (A–D), (H&E) staining of normal salivary gland tissue (A), acinic cell carcinoma (B), adenoid cystic carcinoma (C), and mucoepi-

dermoid carcinoma (D). (E–L), Expression of LMP7 and TAP1 in salivary gland normal tissue and carcinomas as detected by immunohisto-

chemistry. (E), Moderate cytoplasmic and nuclear expression of LMP7 in acinar epithelia. High cytoplasmic and nuclear expression of LMP7

in ductal epithelia. (F), Low expression of LMP7 in acinic cell carcinoma. (G), Low expression of LMP7 in adenoid cystic carcinoma. (H),

High expression of LMP7 in mucoepidermoid carcinoma. (I), No expression of TAP1 in normal salivary gland tissue. (J), High expression of

TAP1 in acinic cell carcinoma. (K), No expression of TAP1 in adenoid cystic carcinoma. (L), High expression of TAP1 in mucoepidermoid

carcinoma. (M–X), Expression of b2-microglobulin, tapasin and HLA-A in salivary gland normal tissue and carcinomas as detected by immu-

nohistochemistry. (M), Moderate expression of b2-microglobulin in acini, and low expression of b2-microglobulin in ductal epithelia. (N),

High expression of b2-microglobulin in acinic cell carcinoma. (O), Low expression of b2-microglobulin in adenoid cystic carcinoma. (P), High

expression of b2-microglobulin in mucoepidermoid carcinoma. (Q), No expression of tapasin in acini. High expression of tapasin in ductal

epithelia. (R), Moderate expression of tapasin in acinic cell carcinoma. (S), No expression of tapasin in adenoid cystic carcinoma. (T), High

expression of tapasin in mucoepidermoid carcinoma. (U), High expression of HLA-A in all epithelia of normal salivary glands. (V), High

expression of HLA-A in acinic cell carcinoma. (W), Reduced expression of HLA-A in adenoid cystic carcinoma. (X), High expression of

HLA-A in mucoepidermid carcinoma.
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restricted to 265 cases with a complete dataset of five
MHC class I APM components and the main four
tumour-specific clinicopathological parameters (local
tumour, nodal metastasis, distant metastasis, and
grade). In the first step of the Cox regression model
with the inclusion method, distant metastasis, high
tumour grade, high expression of HLA-A and tapasin
and low nuclear expression of LMP7 were considered
to be significant negative prognostic factors. After

adjustment of the model in step four, these five
parameters remained statistically significant.

Discussion

As effective MHC class I antigen processing and pre-
sentation is required for proper recognition by T lym-
phocytes, alterations in the MHC class I APM play an

Figure 1. (continued)
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important role in the immune escape of tumour cells,
and have been described in a variety of malignan-
cies.10,11,30,31 As antibodies detecting proteins
involved in the MHC class I pathway are available,
several immunohistochemical studies of their clinical
relevance have been performed in different tumour
entities, such as breast cancer,32 Hodgkin lym-
phoma,33 malignant melanoma,34 prostate cancer,35

and squamous cell carcinoma of the head and
neck,36 and linked to clinical parameters. As most of
the studies only analyzed paraffin-embedded tissues,
MHC class I surface expression could not be deter-
mined by staining with the mAb W6/32 recognizing
the MHC class I HC–b2-microglobulin–peptide com-
plex, which can only be performed on fresh frozen tis-
sues. As no study has to date extensively focused on
SGC, the aim of the present investigation was to iden-

tify alterations in the expression of components
involved in the following four different steps of anti-
gen processing and presentation11: (i) peptide genera-
tion/trimming—LMP2 and LMP7, representing
interferon-c-inducible subunits of the proteasome, are
involved in the degradation of endogenously synthe-
sized and ubiquitinated proteins, which are then
trimmed by cytosolic peptidases; (ii) peptide transport
—the heterodimeric transporters associated with anti-
gen processing (TAP1 and TAP2) are responsible for
the transport of the resulting peptides from the cyto-
sol into the ER; (iii) MHC class I assembly—the chap-
erones calnexin, calreticulin and ERp57 assist the
association and stabilization of MHC class I HC and
b2-microglobulin, and tapasin, a chaperone that is
linked to ERp57 within the peptide loading
complex,37 is required for stabilization of TAP and

Figure 2. Expression profile of MHC-I associated proteins in salivary gland carcinomas in comparison to normal structures of histogenetic

origin. Results of t-tests comparing mean immunohistochemical expression (score) values of independent groups (red: significantly higher

expression, green: significantly lower expression, yellow: no difference).
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Figure 3. Univariate Kaplan–Meier analysis of the prognostic impact of MHC-I associated proteins in salivary gland carcinomas. A,

b2-Microglobulin. B, HLA-A. C, Nuclear expression of LMP7. D, TAP1. E, Tapasin. Log-rank statistics.
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facilitates peptide loading; and (iv) antigen presenta-
tion—the trimeric complex comprising HLA class I
HC, b2-microglobulin and peptide is transported
through the Golgi complex to the cell surface, and
then presented to CD8+ cytotoxic T cells.10

MHC class I antigen down-regulation or loss repre-
sents one important strategy that allows tumours to
escape from immunosurveillance. Altered expression
of APM components has been found in renal cell car-
cinoma,38 bladder cancer,39 squamous cell carcinoma
of the head and neck,36,40 breast cancer,32 cervical
cancer,28 endometrial cancer,41 and malignant mela-
noma,34,42 and was often associated with disease pro-
gression, early disease relapse, or a high tumour
grade.
Conflicting results were obtained in studies focusing

on colorectal cancer. Whereas some authors detected
down-regulation of HLA-A and other APM compo-
nents in the majority of invasive tumours and pre-
cancerous lesions, such as high-grade intraepithelial
neoplasia,43 others found marked staining variability
of HLA-A, HLA-B and HLA-C in tumours and normal
colonic tissues, with up-regulation and down-regula-
tion. The majority of tumour cells mimicked their
normal counterparts; deviations from the expression
pattern in the normal paired mucosa (both increases
and decreases) correlated with poor survival.44 In
contrast to Atkins et al. 43, who found APM abnor-
malities to be associated with K-RAS mutation, a
known negative prognostic factor in colorectal can-
cer, Menon et al.45 demonstrated a correlation of
down-regulated HLA-A expression with a better prog-
nosis in colorectal cancer patients, and an inverse
correlation of intraepithelial CD8+ T-cell infiltration
with HLA-A (P = 0.04) and HLA-B/C (P = 0.04)
expression. Furthermore, a link between high levels
of CD57+ natural killer (NK) cell infiltration and
down-regulated HLA-B/C expression (P = 0.04)
exists. As the presence of CD57+ NK cells was a posi-
tive prognostic factor, the association of HLA class I
down-regulation with better prognosis might be
related to the elimination of HLA class I-negative
tumour cells by NK cells, thereby leading to attenu-
ated tumour aggressiveness.45 Immunohistochemical
analysis of oesophageal cancer cases associated
down-regulation of HLA class I HC with an unfavour-
able prognosis,46 whereas up-regulation of TAP1 and
b2-microglobulin was found in the majority of cancer
tissues. Interestingly, up-regulation of TAP1 appeared
to be an independent negative prognostic factor
(P = 0.015).
Whereas down-regulation of major APM compo-

nents was also frequently detected in prostate cancer,

disease progression and/or metastasis was associated
with weak expression of calnexin in one study,35 but
with overexpression of b2-microglobulin in another
study.47 These examples of prostate and colorectal
cancer indicate that tumour progression and aggres-
siveness are not necessarily based on the general con-
cept of APM breakdown, T-cell-based immune escape,
and tumour growth.10 Other immunological and
non-immunological factors may also influence the
course of the disease.
The present study is the first to analyze the major

MHC class I APM components in a variety of SGC
subtypes that are prone to low or high clinical
aggressiveness. Regarding the expression of APM
components, the different SGC entities clustered
according to their histogenetic origin (Figure 2).
Some markers, such as b2-microglobulin and LMP2,
were up-regulated in tumours of striated and excre-
tory ducts, whereas loss of HLA-A, HLA class I HC
and calreticulin was predominantly observed in
tumours of the intercalated ducts. LMP7 and TAP2
were down-regulated more or less independently of
tumour type. ERp57 expression was not significantly
altered. Acinic cell carcinomas resembled tumours of
the intercalated ducts in some respects (b2-microglob-
ulin), but tumours of the excretory ducts in others
(LMP2 and TAP1). However, they seem to have their
own signature as well: overexpression of calnexin,
TAP2, and tapasin, which was not observed in other
entities. This heterogeneous expression pattern might
be attributable to the histogenetic heterogeneity of
acinic cell carcinoma, with acinar, ductular and duct-
ulo-acinar subtypes.48

With respect to the clinical outcome of the SGC
patients, we demonstrated that down-regulation of
nuclear LMP7 was associated with shorter survival
(Table 2). In contrast, low expression of b2-micro-
globulin, HLA-A, TAP1 and tapasin turned out to be
positive prognostic factors—for HLA-A and tapasin
this could also be demonstrated in multivariate analy-
sis including tumour-specific parameters such as T, N
and M stage, and tumour grade (Table 2).
HLA-A, b2-microglobulin, TAP1 and tapasin were

significantly associated with each other, forming a
group of interdependent parameters in the APM.
LMP7 regulation seemed to be independent of these
parameters. As already mentioned, LMP7 is involved
in peptide generation and trimming, whereas the
other proteins are responsible for peptide transport,
MHC class I assembly, and antigen presentation. The
data indicate that peptide generation and trimming
might either be independent of or inversely associated
with later steps of the APM. They also illustrate that

© 2012 Blackwell Publishing Ltd, Histopathology, 62, 847–859.
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SGC lesions do not fit into the model of APM break-
down, immune escape and tumour progression that
has been well established in renal cell carcinoma and
malignant melanoma,34,38,42 but behave more like
colorectal carcinomas, which are also known to con-
stitute a heterogeneous group of tumours with micro-
satellite stable and unstable types, and mucinous and
medullary types.43,45

The negative prognostic impact of nuclear down-
regulation of LMP7 was recently reported in ovarian
cancer: high nuclear expression was associated with
better disease-specific survival.29 Differences in the
compartmental localization of LMP7 have been
described previously, and are mainly attributable to
the fact that LMP2 and LMP7 subunits are synthe-
sized as precursor proteins of 24 kDa and 30 kDa,
respectively, and that only the processed 21-kDa and
23-kDa subunits form part of the 20S proteasome
complex.49 The presence of LMP2 and LMP7 in 26S
proteasomes (but to a lesser extent than in 20S pro-
teasomes) is consistent with a role for 26S protea-
somes and, possibly, ubiquitin-dependent proteolysis
in antigen processing.50 It has been demonstrated
that 26S proteasomes are relatively more abundant
in the nuclei of mammalian cells, and that they are
distributed throughout the nucleus.51 Therefore dif-
ferences in the nuclear expression of LMP2 and
LMP7 might be more significant than variations in
the cytoplasmic expression.
To summarize, the present study demonstrates that

the histogenetic and morphological heterogeneity of
SGC goes along with heterogeneous patterns of alter-
ations of the APM machinery. Regardless of the dif-
ferent entities, down-regulation of LMP7 and up-
regulation of HLA-A and tapasin were independent
and statistically significant markers of poor prognosis
in multivariate survival analyzes of the present
cohort of 288 salivary gland carcinomas. These find-
ings might provide a rationale for targeting the spe-
cific components of the antigen processing and
presentation pathway in the management of this dis-
ease.
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