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Expression of the proteasome subunits LMP2 and
LMP7, the MHC-encoded transporter subunits TAP1
and TAP2, and HLA Class I antigens was examined by
immunoperoxidase staining in 10 nevi and 98 mela-
noma lesions (60 primary and 38 metastatic), because
these molecules play an important role in the presen-
tation of melanoma-associated peptide antigens to cy-
totoxic T cells. LMP2 was less frequently expressed
than LMP7 in primary and metastatic melanoma le-
sions. TAP1, TAP2, and HLA Class I antigen expres-
sion was more frequently (P < 0.05) down-regulated
in metastatic than in primary melanoma lesions and
in nevi. A synchronous TAP1, TAP2, and HLA Class I
antigen down-regulation was observed in 58% of pri-
mary and 52% of metastatic lesions. TAP and HLA
Class I antigen down-regulation in primary lesions
was significantly associated with lesion thickness,
stage of disease, reduced time to disease progression,
and reduced survival. These results suggest that TAP
down-regulation plays a role in the clinical course of
malignant melanoma, probably by providing mela-
noma cells with a mechanism to escape from cyto-
toxic T lymphocyte recognition during disease pro-
gression. (Am J Pathol 1999, 154:745-754)

HLA Class | antigens play a major role in the immune
response against viral infections and transformed cells
by presenting peptide antigens to cytotoxic T lympho-
cytes (CTL).! Peptide antigens are derived from degra-
dation of mostly endogenous proteins in the nucleus and
cytosol by the proteasome complex.? Peptides gener-
ated in this way are then translocated via the transporter
associated with antigen processing (TAP) into the endo-
plasmic reticulum,® where they are loaded onto newly
synthesized HLA Class | heavy chain-B, microglobulin

(Bom) dimers. The resulting trimolecular HLA Class |
complex is then expressed on the cell surface.

The TAP molecule is composed of two noncovalently
associated subunits, TAP1 and TAP2, encoded by
closely related genes located in the MHC Class Il re-
gion.* TAP activity is required for efficient peptide loading
and proper assembly of MHC Class | molecules. Mutant
cells that have deleted the TAP genes are unable to load
peptides onto MHC Class | molecules in the endoplasmic
reticulum and have a severe defect in MHC Class | anti-
gen cell surface expression.>” Closely linked to the
TAP1 and TAP2 genes within the MHC are two genes
encoding the IFN-y inducible proteasome subunits,
LMP2 and LMP7.2° Incorporation of LMP2 and/or LMP7
subunits into the proteasome complex confers subtle
effects on its proteolytic activities enhancing the produc-
tion of antigenic peptides that are capable of binding to
MHC Class | molecules.’®'" The up-regulation of both
LMP and TAP subunits by IFN-y suggests that increased
expression of these molecules is important in the host
immune response.

The potential role of immunological events in the
pathogenesis and clinical course of malignant melanoma
has influenced the emergence of T cell-based immuno-
therapy for the treatment of this disease.'® The critical
role played by HLA Class | antigens in the success of T
cell-based immunotherapy has led to a growing interest
in analyzing the expression and function of these mole-
cules by melanoma cells. A large number of surgically
removed melanoma lesions have been analyzed by im-
munohistochemical techniques for HLA Class | antigen
expression. Malignant transformation of melanocytes has
been found to be frequently associated with abnormali-
ties in HLA Class | antigen expression, which range from
complete loss of HLA Class | antigens to selective loss of
one HLA Class | allospecificity.’® These abnormalities
appear to be clinically relevant because they have been
reported to be associated with disease progression in
patients with Stage 2 melanoma'* and with recurrence of
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the disease in a few patients following an initial response
to T cell-based immunotherapy.'® These findings have
been suggested'® to reflect the escape of melanoma
cells from recognition by melanoma-associated antigen
(MAA)-specific, HLA Class | antigen-restricted CTL. In
contrast to the large body of evidence demonstrating
HLA Class | antigen down-regulation in melanoma le-
sions, there is no information about the expression of
antigen-processing molecules responsible for generating
peptides from MAA and for their transport and loading on
HLA Class | molecules. Therefore, in the present study
we have investigated LMP2, LMP7, TAP1, and TAP2 ex-
pression in primary and metastatic melanoma lesions.
Furthermore, we have correlated the expression of the
TAP subunits in melanoma cells with that of HLA Class |
antigens and with the histopathological characteristics of
the lesions as well as with the clinical course of the
disease. The information from these studies contributes
to our understanding of the clinical significance of abnor-
malities in the antigen processing machinery of mela-
noma cells.

Materials and Methods

Tissues

Benign and malignant lesions of melanocyte origin were
obtained from surgical patients. Tissues were processed
within 15 minutes after their surgical removal. Whole or
partial tissue samples were fixed in 10% neutral buffered
formaldehyde, routinely processed, and embedded in
paraffin. The remaining tissue was snap-frozen in liquid
nitrogen and stored at —80°C until use. Cryostat sections
4 wm thick were dried and fixed in absolute acetone for 1
minute. Under these fixation conditions, cryostat sections
could be stored for at least 3 months at —20°C without
loss of reactivity.

Monoclonal and Polyclonal Antibodies

The affinity-purified rabbit anti-human LMP2,'® anti-hu-
man LMP7,'® anti-human TAP1'7 and anti-human TAP2
antibodies,’” and the mAb HC-10 to a determinant pref-
erentially expressed on B.m-free HLA-B and C heavy
chains'® were developed and characterized as de-
scribed. The Vectastain ABC kit, biotinylated anti-rabbit
Ilg xenoantibodies, and biotinylated anti-mouse Ig xeno-
antibodies were purchased from Vector Laboratories
(Burlingame, CA).

Indirect Immunoperoxidase Staining

Indirect immunoperoxidase staining of frozen and forma-
lin-fixed tissues was performed using the Vectastain ABC
kit according to the manufacturer’s instructions with mi-
nor modifications as described elsewhere.'® Briefly,
4-um-thick paraffin sections were deparaffinized with xy-
lene, rehydrated by passage through decreasing con-
centrations of ethanol (100 to 80%), and pretreated for 10
minutes at 90°C with Target Unmasking Fluid (Kreatech,

Amsterdam, The Netherlands). Paraffin-embedded and
frozen sections were preincubated with 5% normal goat
or horse serum for 30 minutes at room temperature fol-
lowed by an overnight incubation at 4°C with primary
antibody. Negative control staining reactions were per-
formed by replacing primary antibody with normal rabbit
serum or with supernatant from the murine myeloma cell
line P3-X63-Ag8.653. The percentage of stained mela-
noma cells in each lesion was evaluated independently
by two investigators. A melanoma lesion was scored as
positive when the percentage of stained melanoma cells
in the entire lesion was > 75%, heterogeneous when the
percentage was between 25 and 75%, and negative
when the percentage was < 25%. Variations in the per-
centage of stained cells enumerated by the two investi-
gators were within a 10% range.

Statistical Analysis

Differences in the expression of LMP2, LMP7, TAP1,
TAP2, and HLA Class | antigens in terms of positive,
heterogeneous, or negative staining of nevi, primary and
metastatic lesions were analyzed using the x° test. The
disease-free and survival curves were calculated by us-
ing the method of Kaplan and Meier. Differences in time
to disease progression and survival curves were ana-
lyzed with a log rank test.

Results

Patients

Ten pigmented nevi lesions were obtained from two male
and eight female patients with an average age of 30.9
years (range, 15-54 years). Two lesions were compound
type and 8 were intradermal nevi. Sixty primary mela-
noma lesions were obtained from 28 male and 32 female
patients with an average age of 66.4 years (range, 26-93
years). Thirty-three patients suffered from acral lentigi-
nous melanoma, seven from superficial spreading mela-
noma, nine from nodular melanoma, four from mucosal
melanoma and two from lentigo malignant melanoma.
Nine patients had Stage 1, 17 Stage 2, 31 Stage 3, and 3
Stage 4 disease. Tumor staging was based on the his-
topathological TNM classification system. The mean
thickness of the 60 primary lesions was 4.3 mm (range,
0.4-17.0 mm). Ten lesions had a thickness <1.5 mm, 25
between 1.5-4.0 mm and 25 >4.0 mm. Patients were
monitored every 2 to 6 months by an attending physician
of the Department of Dermatology, Kumamoto University
School of Medicine, or by the referring physician. All 60
patients in this study were followed for time to disease
progression and survival. Time to disease progression
was calculated as the interval, in months, between sur-
gical removal of the primary lesion and detection of a skin
metastasis by patient or physician and/or of a metastasis
in visceral organs by radiography, ultrasound echogra-
phy, CT scan, MRI, and/or gallium scintigraphy. Forty
patients were disease-free between 6 and 65 months
following removal of primary lesions; the remaining 20
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Table 1. Immunoperoxidase Staining of Frozen and Formalin-Fixed Sections of Primary Melanoma Lesions with Anti-LMP2, Anti-
LMP7, Anti-TAP1 and Anti-TAP2 Antibodies

o MRz o tMer o TAPT o TAR

Lesions Score no. % no. % no. % no. %
Frozen + 10 (63) 14 (88) 12 (75) 13 (81)
+/— 6 (37) 2 (12) 4 (25) 3 (19)

- 0 (0) 0 (0) 0 (0) 0 (0)

Formalin-Fixed + 10 (63) 12 (75) 11 (69) 10 (62)
/- 4 (25) 4 (25) 2 (12) 3 (19)

- 2 (12) 0 (0) 3 (19) 3 (19)

+, positive (>75%); +/—, heterogeneous (25-75%); —, negative (<25%)

patients had experienced recurrence of the disease be- (P > 0.05). Anti-LMP2 antibodies stained more than 75%
tween 2 and 55 months after surgery. Forty-two patients of melanoma cells in 63% of both tissue substrates. In
were alive between 6 and 65 months following removal of contrast, the remaining antibodies stained a lower per-
primary lesions; the remaining 18 patients were dead centage of formalin-fixed, paraffin-embedded tissue sec-
between 5 and 50 months after surgery. tions than of frozen tissue sections. Specifically, anti-
Thirty-eight metastatic lesions were obtained from 20 LMP7, anti-TAP1 and anti-TAP2 antibodies stained with a
male and 18 female patients with an average age of 63.1 positive score 75, 69, and 62%, respectively, of formalin-
years (range, 14-91 years). Twenty-one lesions were fixed, paraffin-embedded tissue sections and 88, 75, and
obtained from skin metastases and the remaining 17 from 81%, respectively, of frozen tissue sections. Furthermore,
lymph nodes. the anti-LMP2 antibodies stained two and the anti-TAP1
and anti-TAP2 antibodies stained three of the formalin-

Immunohistochemical Staining Patterns of fixed, paraffin-embedded tissue sections with a negative

score. In contrast, the three antibodies stained all frozen

Formalin-Fixed and Paraffin-Embedded versus tissue sections with a positive score. Anti-LMP7 antibod-

Frozen Sections of Primary Melanoma Lesions ies stained neither formalin-fixed, paraffin-embedded
with Anti-LMP and Anti- TAP Antibodies sections nor frozen tissue sections with a negative score.
These results indicate that formalin-fixed, paraffin-em-
Formalin-fixed, paraffin-embedded tissue specimens bedded tissue sections are only slightly less reactive than
were chosen for the present study to increase the number frozen tissue sections in immunohistochemical assays.

of available melanoma lesions and to provide the oppor-
tunity for retrospective analyses. Preliminary experiments
were performed to determine whether the fixation proce-
dure affected the immunohistochemical staining of tissue LMP2 and LMP7 Expression in Benign and

sections with anti-LMP and anti-TAP antibodies. To this Malignant Lesions of Melanocyte Origin
end, sixteen primary melanoma lesions were divided into

two aliquots. One was frozen and the other one was To analyze the expression of the proteasome subunits
formalin-fixed and paraffin-embedded. The staining pat- LMP2 and LMP7 in transformed melanocytes, surgically
terns of frozen and formalin-fixed, paraffin-embedded removed nevi and melanoma lesions were stained with
tissue sections with anti-LMP and anti-TAP antibodies rabbit anti-LMP2 and anti-LMP7 antibodies. The results of
were compared. As summarized in Table 1, the staining immunohistochemical staining of 10 nevi and 60 primary
patterns of formalin-fixed, paraffin-embedded tissue sec- and 38 metastatic melanoma lesions are summarized in
tions with both anti-LMP and anti-TAP antibodies were not Table 2. Examples of positive, heterogeneous, and neg-
significantly different from those of frozen tissue sections ative LMP staining are shown in Figure 1. Both anti-LMP2

Table 2. LMP2, LMP7, TAP1, TAP2, and HLA Class I Antigen Expression in Nevi and in Primary and Metastatic Melanoma

Lesions

LMP2 LMP7 TAP1 TAP2 HLA Class |

Lesions Score no. % no. % no. % no. % no. %
Nevi + 6 (60) 6 (60) 7 (70) 5 (50) 5 (50)
+/- 4 (40) 4 (40) 3 (30) 5 (50) 2 (20)
— 0 (0) 0 (0) 0 (0) 0 (0) 3 (30)
Primary + 18 (37) 27 (55) 29 (48) 26 (44) 25 (42)
+/= 20 (41) 20 (41) 19 (32) 23 (38) 24 (40)
- 11 (22) 2 (4) 12 (20) 11 (18) 11 (18)
Metastatic + 7 (19) 20 (53) 5 (13) 9 (24) 7 (18)
+/— 21 (55) 14 (37) 26 (69) 21 (55) 16 (42)
— 10 (26) 4 (10) 7 (18) 8 (21) 15 (40)

+, positive (>75%); +/—, heterogeneous (25-75%); —, negative (<25%)
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Figure 1. LMP2, TAP1 and HLA Class I antigen expression in melanoma lesions. Serial sections of a formalin-fixed, paraffin-embedded primary (A-D) and a
metastatic (E-L) melanoma lesion were stained in the immunoperoxidase reaction with control (A, E, D, anti-LMP2 (B, F, J), anti-TAP1 (C, G, K) or anti-HLA Class
1(D, H, L) antibodies. Positive or heterogeneous staining for LMP2, TAP1 and HLA Class I antigens is shown in primary melanoma lesions (m) as well as normal
(n) epidermis (B-D). Melanoma cells in metastatic lesions stained with a heterogeneous (F-H) or negative (J-L) score for LMP2, TAP1, and HLA Class I antigens.
Blood vessels (v) in metastatic lesions (J-L) stained with a positive score for the three markers. Original magnification, X100.

and anti-LMP7 antibodies stained 60% of the nevi lesions
with a positive score and 40% with a heterogeneous
score. Anti-LMP2 and anti-LMP7 antibodies stained 37
and 55%, respectively, of primary melanoma lesions with
a positive score. The remaining primary lesions were
stained with a heterogeneous score by anti-LMP2 and
anti-LMP7 antibodies. LMP2 and LMP7 displayed only
slight differences in their expression in primary lesions of
different histotypes. The highest percentage of lesions
stained with a positive score by anti-LMP2 and anti-LMP7

antibodies was found in superficial spreading melanoma,
while the highest percentage of lesions stained by these
antibodies with a negative score was found in lentigo
malignant melanoma.

Only 19% of metastatic lesions were stained with a
positive score by anti-LMP2 antibodies. More than 50% of
the lesions were stained with a heterogeneous score. The
difference in LMP2 expression between primary and me-
tastastic lesions did not reach the level of statistical sig-
nificance. The expression of LMP7 in metastases was



Figure 1 continued.

also not significantly different from that in primary lesions,
as 53% of the lesions were stained with a positive score.

TAP1, TAP2, and HLA Class | Antigen Down-
Regulation in Primary and Metastatic
Melanoma Lesions

To determine whether TAP1 and TAP2 expression is
down-regulated in melanoma lesions, surgically removed
nevi and primary and metastatic melanoma lesions were
stained with rabbit anti-TAP1 and anti-TAP2 antibodies.
Furthermore, the expression of HLA Class | heavy chains
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was assessed by staining the lesions with mAb HC-10.
Examples of positive, heterogeneous, and negative stain-
ing for TAP and HLA Class | heavy chains are shown in
Figure 1 and results are summarized in Table 2.
Anti-TAP1 and anti-TAP2 antibodies stained 70 and
50% of nevi, respectively, with a positive score and the
remaining nevi with a heterogeneous score. Anti-TAP1
and anti-TAP2 antibodies stained 48 and 44%, respec-
tively, of primary melanoma lesions with a positive score.
Most of the remaining primary lesions were stained by the
two antibodies with a heterogeneous score. The two TAP
subunits were coordinately down-regulated in 26 of the
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34 lesions with reduced TAP1 and/or TAP2 expression.
TAP1 and TAP2 were similarly expressed in primary le-
sions of different histotypes.

TAP1 and TAP2 expression was down-regulated in
metastatic lesions. Only 13 and 24% of the metastatic
lesions were stained with a positive score by anti-TAP1
and anti-TAP2 antibodies, respectively. The majority of
the remaining lesions were stained by both antibodies
with a heterogeneous score and weak intensity. The two
TAP subunits were coordinately down-regulated in 25 of
the 33 metastatic lesions with reduced TAP1 and/or TAP2
expression. The difference in TAP1 expression between
primary and metastatic lesions was statistically signifi-
cant (P < 0.001), while that of TAP2 expression was not.

Anti-HLA Class | mAb HC-10 stained 50% of nevi with
a positive score, 20% with a heterogeneous score, and
30% with a negative score. Anti-HLA Class | mAb HC-10
stained 42% of primary melanoma lesions with a positive
score and 40% with a heterogeneous score. HLA Class |
antigen expression was markedly reduced in metastatic
lesions. Only 18% of the lesions were stained with a
positive score. The difference in HLA Class | antigen
expression between primary and metastatic lesions, as
measured by the percentage of lesions stained with a
positive score, was statistically significant (P = 0.02).
HLA Class | antigens displayed only slight differences in
their expression in primary lesions of different histotypes.

Staining of serial sections of primary and metastatic
lesions revealed synchronous TAP1 and/or TAP2 and
HLA Class | antigen down-regulation in many of the le-
sions with TAP or HLA Class | antigen down-regulation
(Figure 2). The same areas of melanoma lesions that
were not stained by anti-TAP1 and/or TAP2 antibodies
were also not stained by anti-HLA Class | mAb in 20 and
20, respectively, of 35 primary lesions and in 18 and 16,
respectively, of 31 metastases.

Differential LMP2, TAP1, TAP2, and HLA Class |
Antigen Expression in Primary and Autologous
Metastatic Lesions

To establish that the differences in LMP subunit, TAP
subunit, and HLA Class | antigen expression between
primary and metastatic lesions reflect an association with
disease progression and not variability among patients,
the expression of LMP and TAP subunits and HLA Class
| antigens in 24 metastases and 21 autologous primary
lesions removed from 21 patients was compared. Ex-
pression of all of the markers analyzed, with the excep-
tion of LMP7, was lower in metastases than in primary
lesions. It is noteworthy that the expression of LMP2,
TAP1, TAP2, and HLA Class | antigens was higher in
metastases than in the autologous primary lesions in six,
seven, nine, and six cases, respectively. In most of them,
the primary lesion thickness was >4 mm. The negative
staining patterns for LMP2, TAP1, TAP2, and HLA Class |
antigens in these cases are likely to be due to lesion
thickness as described below.

Figure 2. Synchronous TAP1, TAP2, and HLA Class I antigen down-regula-
tion in metastatic melanoma lesions. Serial sections of a formalin-fixed,
paraffin-embedded metastatic melanoma lesion were stained in the immu-
noperoxidase reaction with rabbit anti-TAP1 (A) and anti-TAP2 (B) antibod-
ies and with anti-HLA Class I mAb HC-10 (C). Heterogeneous staining for
TAP1, TAP2, and HLA Class I antigens is shown in nests of melanoma cells
(m) with synchronous loss of each antigen. Original magnification, X100.

Relationship of LMP and TAP Subunit and HLA
Class | Antigen Expression in Primary Lesions
with Lesion Thickness, Stage of Disease, and
Clinical Course

LMP, TAP, and HLA Class | antigen expression in primary
lesions showed a relationship with lesion thickness (Table
3). Specifically, the percentage of lesions with a thick-

ness >4 mm stained by anti-LMP2 and anti-LMP7 anti-
bodies with a positive score was significantly (P < 0.05)
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Table 3.  Relationship of LMP2, LMP7, TAP1, TAP2, and HLA Class I Antigen Expression in Primary Melanoma Lesions with
Their Thickness
. LMP2 LMP7 TAP1 TAP2 HLA Class |
Thickness

(mm) + 4= - + 4= - + 4= - +  +- = +  +- =
<15 no. 1 7 1 6 3 0 6 3 1 4 6 0 6 4 0
(%) (1) (7v8) (1) (67) (33) (0) (60) (30) (10) (40) (60) (0) (6O) (40)  (0)
1.5-4.0 no. 14 5 1 14 6 0 14 9 2 13 10 2 12 12 1
(%) (70) (25 (5 (70) (30) (0) (56) (36) (8) (52) (40) (8) (48) (48) (4
>4.0 no. 3 8 9 7 1A 2 9 7 9 9 7 9 7 8 10

(%) (15) (40) (45) (35 (5%5) (10)

(36) (28) (36) (36) (28) (36) (28) (32) (40)

+, positive (>75%); +/—, heterogeneous (25-75%); —, negative (<25%)

lower than that of lesions with a thickness <4 mm. More-
over, the percentage of lesions with a thickness >4 mm
stained by anti-LMP2 (P = 0.001), anti-TAP1 (P = 0.129),
anti-TAP2 (P = 0.036), and anti-HLA Class | (P = 0.007)
antibodies with a negative score was higher than that of
lesions with a thickness <4 mm.

LMP, TAP, and HLA Class | antigen expression in
primary lesions displayed a relationship with stage of the
disease (Table 4). Specifically, a higher percentage of
lesions from patients in Stages 1 and 2 than from patients
in Stages 3 and 4 was stained by anti-LMP2, anti-LMP?7,
anti-TAP1, anti-TAP2, and anti-HLA Class | mAb. How-
ever, the difference was statistically significant only for
LMP2 (P = 0.04), LMP7 (P = 0.017), and HLA Class |
antigens (P = 0.004).

Expression of the components of the antigen process-
ing machinery and of HLA Class | antigens in primary
lesions was associated with clinical parameters of the
disease. Specifically, the time to disease progression
and the survival time of the patients whose primary le-
sions were stained by anti-TAP1, anti-TAP2, and anti-HLA
Class | antibodies with a positive score were significantly
longer than those of patients whose lesions were stained
with a negative score (Figures 3 and 4). Furthermore,
both the time to disease progression and the survival of
patients whose lesions were stained by anti-TAP1, anti-
TAP2 and anti-HLA Class | antibodies with a positive
score were longer than those of patients whose lesions
were stained with a heterogeneous score. However, the
only statistically significant difference was that of the
association between heterogeneous staining for HLA
Class | antigens and time to disease progression (P =
0.044).

Discussion

In the present study, LMP2, LMP7, TAP1, TAP2, and HLA
Class | antigen expression in melanoma lesions was eval-
uated by immunohistochemical staining and correlated
with histopathological features of the lesions and with the
clinical course of the disease. The results of the present
study demonstrate for the first time that: (1) LMP2 is less
frequently expressed in melanoma lesions than in nevi,
while LMP7 is similarly expressed in benign and malig-
nant lesions of melanocytic origin; (2) TAP1, TAP2, and
HLA Class | antigen expression is frequently down-regu-
lated in melanoma lesions; (3) TAP subunit down-regula-
tion increases with disease progression, because these
abnormalities are markedly less frequent in nevi and in
primary lesions than in metastatic lesions; (4) TAP subunit
and HLA Class | antigen down-regulation is synchronous
in many of the lesions; (5) TAP1, TAP2, and HLA Class |
antigen down-regulation in primary lesions is inversely
correlated with their thickness; and (6) TAP1, TAP2, and
HLA Class | antigen down-regulation in primary lesions is
significantly associated with patients’ time to disease
progression and survival.

The constitutive expression of LMP2 and the down-
regulation of TAP1 and TAP2 we found in the surgically
removed melanoma lesions parallel similar results we
and others have obtained by analyzing LMP and/or TAP
subunit expression at the mRNA and protein level in a
panel of melanoma cell lines.?®?! These findings are at
variance with those of Thor-Stratten et al,22 who detected
no abnormalities in the expression of LMP and TAP sub-
units at the mRNA level in a panel of melanoma cell lines.
If not caused by technical reasons, the conflicting results

Table 4.  Relationship of LMP2, LMP7, TAP1, TAP2, and HLA Class I Antigen Expression in Primary Melanoma Lesions with
Stage of Disease
LMP2 LMP7 TAPA TAP2 HLA Class |
Stage of disease* Score no. % no. % no. % no. % no. %
1and 2 + 12 (50) 18 (75) 15 (58) 13 (50) 15 (58)
+/—= 10 (42) 6 (25) 9 (35) 11 (42) 11 (42)
- 2 (8) 0 ©) 2 (8) 2 (8) 0 ©)
3and 4 + 6 (24) 9 (36) 14 (42) 13 (38) 10 (30)
+/= 10 (40) 14 (56) 10 (29) 12 (35) 13 (38)
— 9 (36) 2 (8) 10 (29) 9 (27) 11 (32)
+, positive (>75%); +/—, heterogeneous (25-75%); —, negative (<25%)

*TNM staging classification.
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Figure 3. Association of TAP1, TAP2, and HLA Class I antigen down-regula-
tion in primary melanoma lesions with patient time to disease progression.
Serial sections of formalin-fixed, paraffin-embedded primary lesions were
stained with anti-TAP1, anti-TAP2, or anti-HLA Class I antibodies. The time to
disease progression was compared among patients with lesions scored as
positive, heterogeneous, or negative.

may reflect differences in the characteristics of the cell
lines analyzed. Whatever the reason, the abnormalities in
LMP and TAP subunit expression, including their nonco-
ordinate expression at the mRNA level we have identified
in some melanoma cell lines, parallel the results we have
obtained by analyzing melanoma lesions in the present
study. These findings argue against the possibility that
the defects in melanoma cell lines are an in vitro artifact or
that the differential LMP and TAP subunit expression we
have found in some melanoma lesions reflect differences
in the characteristics of the antibodies used for immuno-
staining.

Melanocytes in culture constitutively express TAP1,
TAP2, and, to a lesser extent, LMP7. LMP2 is not consti-
tutively expressed in melanocytes but is readily induced
by IFN-y (D.J. Hicklin and S. Ferrone, unpublished re-
sults). Therefore, if the phenotype we have identified in
melanocytes in culture reflects that of melanocytes in vivo,
LMP2 expression in nevi and some of the melanoma
lesions analyzed represents an up-regulation of this mol-
ecule in these tissues. This phenotype in nevi may be due
to changes in gene regulation or induction by endoge-
nous factors from infiltrating cells or surrounding stroma.
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Figure 4. Association of TAP1, TAP2, and HLA Class I antigen down-regula-
tion in primary melanoma lesions with patient survival. Serial sections of
formal-fixed, paraffin-embedded primary lesions were stained with anti-
TAP1, anti-TAP2, or anti-HLA Class I antibodies. The survival of patients with
lesions scored as positive, heterogeneous, or negative was compared by
Kaplan-Meier analysis.

Interestingly, LMP2 expression was found less frequently
in primary and metastatic melanoma lesions, suggesting
that the mechanisms responsible for LMP2 up-regulation
in nevi were altered in melanoma lesions.

The importance of TAP and LMP expression for MHC
Class |-dependent antigen processing has been directly
demonstrated in experimental animal models. TAP1
knockout mice are defective in the stable assembly of
MHC Class | molecules and show extremely reduced cell
surface MHC Class | antigen expression.?® Furthermore,
cells of TAP1 knockout mice are defective in processing
cytosolic antigens for recognition by CTL and lack
CD478" T cell subpopulations.?® Similarly, LMP2 and
LMP7 knockout mice display reduced MHC Class | anti-
gen cell surface expression and process certain endog-
enous antigens inefficiently.?*2°> However, these defects
in MHC Class | antigen expression and presentation are
less dramatic than in TAP1-deficient mice. Furthermore,
no abnormalities in CD8" T cell populations were found
in LMP2 or LMP7 knockout mice. TAP subunit down-
regulation in melanoma lesions, combined with the role of
these molecules in proper MHC Class | antigen presen-



tation, suggests that recognition of melanoma cells by the
host immune system is impaired. Additionally, the in-
creased frequency of abnormalities in TAP expression in
advanced disease suggests that immune recognition of
melanoma cells decreases over time with disease pro-
gression.

There is little information regarding the role of TAP in
the presentation of MAA to CTL. It is likely that the LMP
and/or TAP down-regulation we have found in melanoma
cell lines®® and melanoma lesions (this study) impairs the
proper processing and presentation of at least some
MAA. White et al®' recently demonstrated loss of antigen
processing function in a panel of melanoma cell lines that
was due to TAP1 and/or TAP2 and HLA Class | antigen
down-regulation. These melanoma cell lines are defec-
tive in antigen processing and poorly recognized by an-
tigen-specific CTL. Endogenous processing function and
CTL recognition of these melanoma cell lines was re-
stored following transduction with TAP and HLA Class |
genes. These studies provide evidence for antigen pro-
cessing component down-regulation in melanoma cell
lines that results in loss of CTL recognition. However,
there is no direct evidence to date in patients demon-
strating that TAP defects result in loss of CTL recognition
of MAA.

TAP1 down-regulation has been described in various
types of surgically removed carcinoma lesions.?® 3! The
frequency of TAP1 down-regulation we have found in
melanoma lesions is similar to that described in breast
carcinoma, non-small-cell lung carcinoma, and cer-
vical carcinoma lesions and higher than that found in
colon carcinoma lesions. Consistent with previous find-
ings in breast, non-small-cell lung, colon, and cervical
carcinoma®-3" synchronous TAP1 and HLA Class | an-
tigen down-regulation was found in melanoma lesions.
Furthermore, this synchronous loss of expression was
expanded in the present study to include TAP2 and HLA
Class | antigens. Although it is possible that genetic
mutations in TAP1, TAP2, and HLA Class | heavy chain
genes account for the combined loss of expression in
some lesions, it is unlikely to be the predominant under-
lying molecular mechanism. A more plausible explana-
tion for these findings is that one or more common regu-
latory mechanisms result in reduced expression of these
genes in melanoma lesions.

The clinical significance of TAP and HLA Class | anti-
gen down-regulation in melanoma lesions is suggested
by its correlation with the histopathological characteris-
tics of the lesions and with the clinical status of the
patients from whom the lesions originated. TAP1, TAP2,
and HLA Class | antigen down-regulation in primary le-
sions was associated with their thickness. This finding
may reflect the selection of tumor cells that have acquired
resistance to T cell recognition and outgrowth of these
cells in advanced lesions of increased thickness. In ad-
dition, the association between TAP and HLA class |
down-regulation and lesion thickness may account for
the correlation between lesion thickness and poor prog-
nosis in patients. The clinical significance of TAP and
HLA class | antigen down-regulation is also demon-
strated by the higher frequency of this defect in metas-
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tases than in primary lesions. This is not a general phe-
nomenon, because a higher TAP1, TAP2, and HLA Class
| antigen expression was found in some metastases when
compared to autologous primary lesions. In most cases,
these findings were related to increased thickness of the
primary lesion. These findings illustrate the need to con-
sider multiple histopathological characteristics of tumors
that may contribute to the TAP and HLA class | antigen
phenotype. TAP and HLA class | antigen expression in
primary lesions was also associated with stage of dis-
ease, time to disease progression, and survival. If not
fortuitous, this association provides evidence for a role in
recognition of melanoma cells by MAA-specific, HLA
Class I-restricted CTL in the clinical course of the dis-
ease. It is noteworthy that the significantly higher fre-
quency of TAP1 down-regulation in metastases than in
primary lesions we have found in malignant melanoma
has been found also in breast and cervical carcino-
ma.?®2° Furthermore, we recently reported an associa-
tion between tumor grade and TAP down-regulation in
breast carcinoma.®' However, the relationship of TAP1
down-regulation with the clinical parameters of the dis-
ease appears to be restricted to malignant melanoma.
The latter association may reflect the role that immuno-
logical events may play in the pathogenesis and clinical
course of malignant melanoma. In view of the growing
interest in applying T cell-based immunotherapy for the
treatment of malignant melanoma, it is noteworthy that
abnormalities in the antigen processing machinery in
melanoma cells are likely to have a negative impact on
the outcome of this type of immunotherapy. Although
such a conclusion is necessarily speculative at this time,
analysis of the antigen processing machinery in mela-
noma lesions warrants consideration when establishing
patient selection criteria for T cell-based immunotherapy.
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