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Cell surface expression of glucose-regulated protein 78 (GRP78) occurs in several types of cancer; however, its

role in the behavior of primary cutaneous melanoma is not well studied. The association of cell surface GRP78

with other proteins such as MTJ1 stimulates cell proliferation. In this study, we characterized the pattern of

expression of GRP78 and MTJ1 in invasive primary cutaneous melanomas and analyzed the relationships

between the pattern of expression and various clinicopathological parameters. We found two patterns of GRP78

expression in invasive primary cutaneous melanoma. One pattern showed a gradual fading of protein

expression from superficial to deeper levels within the same tumor. The second pattern of expression showed a

similar fading with an abrupt regaining of expression at the deep invasive edge of the melanoma. These two

distinct patterns of GRP78 expression correlated with both patient survival and depth of tumor invasion.

A moderate MTJ1 expression was found to be associated with decreased patient survival; however, no

significant associations were observed between patterns of GRP78 and MTJ1 expression. Our study (1)

describes two distinct patterns of GRP78 in invasive primary cutaneous melanoma, (2) inversely correlates

regain of GRP78 expression with patient survival, and (3) suggests a modifying effect of MTJ1 on GRP78 in

enhancing tumor aggressiveness.
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The incidence of malignant melanoma in the United
States continues to rise.1 There has, however, been a
concomitant decrease in mortality, which, at least
for some melanoma subtypes, is linked to a
proportionately earlier declaration of tumors at
smaller Breslow thicknesses.2 Today, melanoma
therapeutic and diagnostic research models are
based largely on genetic and molecular studies of
melanoma pathogenesis.3–5 Within this broad field,
the study of the physiological and transcriptional
differences between more superficial and deeper
melanoma cells has emerged as an active area of
research.6–8 Our study aims to contribute to the
understanding of intralesional differences in protein
expression by malignant cells.

Glucose-regulated protein 78 (GRP78) is a resident
endoplasmic reticulum (ER) chaperone protein first

described in 1977.9 As a family, GRPs are upregu-
lated in glucose-starved cell cultures and in other
stress-induced states.10 As part of the ER protein-
folding machinery, the critical role of GRP78 in the
unfolded protein response (UPR) has been well
characterized.11 GRP78 has a major role in regulating
intracellular protein trafficking,12 apoptosis,13,14 cell
surface receptor-mediated endocytosis,15 and in a
variety of cells, as a cell surface protein that
functions as a receptor.16

As a cell surface protein, GRP78 binds a number
of different ligands. One of its functions is to serve
as a signaling receptor for activated a2-macroglobu-
lin.17–19 Cell surface GRP78 is also a major autoanti-
gen in various cancers.20–22 As opposed to its ER-
based role in apoptosis and inhibition of protein
synthesis, as a cell surface receptor, GRP78 signaling
results in a net increase in DNA synthesis, protein
synthesis and cellular proliferation.23–25 Studies
suggest that central to its function in this regard is
the cell surface interaction between GRP78 and
MTJ1, a DnaJ-like protein.23,26,27 As a class, DnaJ-like
proteins (such as MTJ1) generally assist in protein
folding and trafficking.28,29 The role of MTJ1 in
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neoplasia has not been extensively characterized
and it currently seems that the significance of this
DnaJ-like protein resides in its ability to modify cell
surface GRP78 signaling as described above.23

For over a decade, investigations have explored
the divergent functions of GRP78 in nonmelanocytic
malignancies, and have begun to focus on targeting
the protein for a variety of therapeutic applica-
tions.15,30 GRP78 expression has been studied in a
variety of cancer cell lines, including the breast,
melanoma, and prostate.31–34 Quantitative analysis
of GRP78 shows elevated levels in hepatocellular
carcinoma and gastric cancer relative to surrounding
nontumor tissue.35,36 Currently, correlations have
been drawn between various clinicopathological
parameters and levels of GRP78 expression in
esophageal,37 lung,38 and prostate cancers,39 and
most recently, melanoma.40

Glucose-regulated protein 78 has only recently
begun to be studied in malignant melanoma excised
from human subjects.40 Although it is known to be
expressed in cultured melanoma cell lines41 and it
binds selectively to antigens isolated from termin-
ally differentiated melanoma cells,42,43 investiga-
tions into the clinicopathological relationship
between GRP78 and melanoma are just beginning
to emerge.40 In this study, we characterize the
pattern of GRP78 and MTJ1 expression in invasive
melanomas and correlate the pattern of expression
with various clinical parameters.

Materials and methods

Study Subjects

From a group of 322 patients with primary cuta-
neous melanoma, who had (1) the primary cuta-
neous tumor available in our surgical pathology
archives, (2) adequate tissue for immunohistochem-
ical staining on the basis of the quality of tissue
preservation and thickness of tissue in the paraffin
block, and (3) adequate clinical records, we ran-
domly selected a group of 65 cases, a number that
we estimated would be needed to achieve statistical
significance in our analysis. Cases (seven) were
excluded if there was a blinded, intraobserver (JP
and MS) disagreement on GRP78 expression pattern
(see immunohistochemical interpretation section
below). Our patient population was skewed to
contain a greater proportion of patients with meta-
static tumors (46%) than would be expected for
patients who had metastatic disease on presenta-
tion. Only primary cutaneous melanomas with
predominant epithelioid histology were included.
For this study, we chose not to perform immuno-
histochemical analysis on desmoplastic tumors or
on tumors with a predominant spindle cell mor-
phology on the assumption that studying a pheno-
typically heterogeneous group of tumors may
introduce potentially confounding variability in
the patterns of GRP78 expression, which is already

known to occur with some proteins between
morphologically different melanoma subtypes.44

Demographic and clinical information was obtained
from hospital records. This study was approved by
the DUMC Institutional Review Board.

Immunohistochemical Staining of GRP78 and MTJ

Formalin-fixed paraffin-embedded tissue sections
(4- to 5-mm thick) were placed on positively charged
microscope slides, allowed to air dry, and subse-
quently heated for 20 min at 65–701C. After the
removal of paraffin, endogenous peroxidase activity
was quenched with hydrogen peroxide in methanol
and the sections were hydrated to water. Tissue
sections were then placed in preheated 1� Dako
Target Retrieval solution, pH 6.1, and heated for
20 min in a 1001C water bath. After antigen retrieval,
the tissue sections and retrieval solution were
allowed to cool for 20 min. The slides were washed
with several changes of deionized water and placed
in Tris-buffered saline. The charged tissue compo-
nents were treated with 5% nonimmune horse
serum. Excess serum was drained from each slide.
An affinity-purified anti-GRP78 goat polyclonal
antibody diluted 1:400 (Santa Cruz Biotechnology
Santa Cruz, CA, USA, catalog number SC-1050)
directed against an epitope in the NH2-terminal
domain and a rabbit anti-MTJ1 IgG specific for an
epitope in the MTJ1 region comprising amino acids
V110AIYEVLKDDERRQRYDDIL129 diluted 1:50 were
applied to separate slides and incubated for 1 h.
Detection of the bound primary antibody was
accomplished by linking with biotinylated horse
anti-goat IgG secondary antibody (Vector Labora-
tories, Burlingame, CA, USA, catalog number BA-
9500). ABC Elite tertiary reagent (Vector Labora-
tories) was used to label the attached secondary
antibody. Visualization of the bound immune com-
plex was carried out using 3,30-diaminobenzidine
tetrahydrochloride or permanent 3-amino-9-ethyl-
carbazole. The sections were counter stained with
modified Harris hematoxylin, followed by tradi-
tional dehydration, clearing, and mounting.

Immunohistochemical Interpretation

The slides were independently reviewed by pathol-
ogists (JP and AS) who were blinded to both clinical
data and other interpretations. Cases (seven) were
omitted from the study population if there was a
disagreement in GRP78 staining pattern between the
two grading pathologists (total study n¼ 58).
Omitted cases showed partial tissue deterioration
during antigen retrieval. These cases were then
stained with MTJ1 and independently reviewed by
JP and AS. As opposed to the qualitative differences
seen with GRP78 staining, we observed only
quantitative differences in MTJ1 staining and graded
each case as absent, weak/blush, or strong. The cases
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that had a disagreement (five cases, all between
weak and strong) were graded as blush/weak.

Statistical Methods

To analyze the relationship between the pattern of
GRP78 and MTJ1 staining and metastasis, we used a
w2-test. To analyze the relationships between overall
survival and several prognostic variables, we used
Kaplan–Meier plots and log–rank tests. As only 33
patients were observed to die, only univariate
survival analyses could be carried out.

Results

Patient Characteristics

The overall patient characteristics and immunohis-
tochemical staining data are summarized in
Figure 1. The cases selected consisted of 36 men
and 22 women, ranging in age from 29 to 77 years
(mean¼ 54), of which 26 patients had documented

metastatic disease at some point throughout their
clinical course. A total of 33 patients were followed
up until death. The mean (range) of Breslow
thickness was 2.8 mm (0.6–11 mm). In all, 16 tumors
were located in the head and neck, 15 in the trunk,
and 27 in the extremities. Tumor stages were as
follows: I¼ 19, II¼ 13, III¼ 16, and 4¼ 10. The mean
(range) survival time in months after diagnosis was
91.2 years (1–204).

Immunohistochemistry

Two GRP78 immunohistochemical staining patterns
were recognized within the invasive component:

Pattern 1. Fade: strong, fine cytoplasmic staining
was observed in the in situ and superficial invasive
component, with a progressive loss or ‘fading out’ of
staining in the deeper invasive portions of the
melanoma (34 cases, 59% of total cases, Figure 2).

Pattern 2. Regain: strong cytoplasmic staining in
in situ and superficial components, with a conspic-
uous stain-poor central area, followed by a regain of
expression at the deep invasive edge of the tumor
(24 cases, 41% of total cases, Figure 3).

Three patterns of MTJ1 staining were observed
(Figure 4): (1) negative staining of tumor cells in
which no stain was observed; (2) diffuse blush/weak
staining of tumor cells in which faint, cytoplasmic
staining was observed; and (3) strong positive
staining in which conspicuous coarse cytoplasmic
staining was observed. Nuclear staining was
negative.

Statistics

There was no relationship between the pattern of
staining for GRP78 and the presence of metastasis
(P40.3 by w2-test). Figure 5 shows a Kaplan–Meier
plot of overall survival versus the staining pattern
for GRP78. The upper curve is for those with a fade-
type pattern and the lower curve is for those with a
regain pattern. Although the mean survival time for
the fade group was 133 months, the mean for the
regain group was 79 months, and this difference was
significant by the log–rank test (P¼ 0.016). There
was also a significant difference in tumor thickness
in the two patterns. Although the mean thickness in
the fade group was 2.1 mm, the mean in the regain
group was 3.8 mm (P¼ 0.001 by Kruskal–Wallis
nonparametric test). Thus, the regain group com-
prised thicker tumors, and this may explain some of
the difference in survival time. Figure 6 shows a
boxplot of tumor thickness for the two patterns and
shows that the fade group had thinner tumors.

Figure 7 shows a Kaplan–Meier plot of overall
survival versus staining pattern for MTJ1. The
uppermost curve is for those with a strong staining,
the middle curve for those with negative
staining, and the lowest curve for those with ‘blush’
staining. The mean survival times for these three

Figure 1 Summary of patient characteristics and staining
patterns.
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groups were 165 months, 117 months, and 75
months, respectively, and this difference was sig-
nificant by the log–rank test (P¼ 0.002). Thus,
‘blush’ staining was the worst pattern as far as

survival was concerned. Thickness also differed
among these three groups, with a mean thickness of
2.1 mm for the strong staining group, 2.9 mm for the
negative group, and 3.2 mm for the blush group, and

Figure 3 Regain of GRP78 expression in the deep invasive edge of
a malignant melanoma. (a) Positive superficial component seen
just beneath the basal layer (�400), (b) middle portion of the
tumor with loss of staining (�400), and (c) deep invasive edge
with brisk regain of GRP78 expression (�400).

Figure 2 Fade pattern of GRP78 staining in a malignant
melanoma. (a) Positive staining in the in situ and superficial
component just beneath the basal layer (�400), (b) middle
portion of the tumor showing less-intense staining than regions
above it (� 400), and (c) deepest component with almost total loss
of staining (� 400).

GRP78 and MTJ1 expression in melanoma

JA Papalas et al 137

Modern Pathology (2010) 23, 134–143



although the blush group had the worst overall
survival, the differences in thickness were not
significant by the Kruskal–Wallis test (P40.2).

Finally, when comparing the pattern of GRP78
expression and MTJ1 staining, 56% of the GRP78

regain group (deeper tumor, poorer survival) also
had blush MTJ1 staining (deeper tumors, poorer
survival), whereas only 36% of the GRP78 fade
group (more superficial tumor, better survival) had
MTJ1 blush staining; however, this difference was
not significant by the w2-test (P40.9).

Figure 4 Spectrum of MTJ1 staining. Patients showed one of the
three main patterns of MTJ1 protein expression: (a) negative
(�200), (b) weak or ‘blush’ staining (� 100), and (c) strong
positive (�100).

Figure 5 Kaplan–Meier Plot of overall survival versus staining
pattern for GRP78. The upper curve is for melanoma cases with a
fade-type pattern, and the lower curve is for those with a regain
pattern. Mean survival time for the fade group was 133 months,
and the mean for the regain group was 79 months (significant by
log–rank test).

Figure 6 Tumor thickness and pattern of GRP78 staining. Mean
thickness in the fade group was 2.1 mm and the mean in the
regain group was 3.8 mm (P¼ 0.001 by Kruskal–Wallis nonpara-
metric test).

Figure 7 Overall survival versus staining pattern for MTJ1. The
uppermost curve is for those with a strong staining, the middle
curve for those with negative staining, and the lowest curve for
those with blush staining. The mean survival times for these three
groups were 165 months, 117 months, and 75 months, respec-
tively, and this difference was significant by the log–rank test
(P¼0.002).
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Discussion

Glucose-regulated proteins are ER-stationed chaper-
one proteins that, as a class, have been described
with respect to tumor progression and metastasis.45

Of the GRP family, GRP78 is the best studied. Robust
induction of GRP78 occurs in many malignancies.46

Furthermore, GRP78 has been shown to be involved
in a number of physiological events that are key to
tumor growth and survival.47,48 Once upregulated or
transcriptionally active, GRP78 can promote tumor
proliferation through a variety of mechanisms.49–51

We performed an observational investigation of
GRP78 and MTJ1 expression in primary cutaneous
melanoma and correlated our observations with
various clinical parameters. Using a polyclonal
antibody directed against an epitope in the NH2-
terminal domain of the GRP78 protein, immunohis-
tochemical analysis of 58 cases of melanoma
revealed two distinct patterns of expression. One
pattern was marked by a strong cytoplasmic staining
of the in situ and superficial invasive component,
with a marked decrease in protein expression in
deeper tumor levels. In this group, the regain of
GRP78 expression was not observed. The second
pattern of GRP78 expression was identical to the
first, except for the fact that an abrupt transition to
protein reexpression was observed at the invasive
edge of the melanoma, leaving a conspicuous stain-
poor central region within the melanoma. As a
group, cases that showed a gradual loss or fade of
GRP78 expression had overall more shallow depths
of invasion and longer overall survival (Figure 8)
when compared with the group of cases in which
regain of GRP78 expression was observed, which
had deeper overall tumor thickness and a decreased
mean survival (Figure 9).

Using an antibody for an epitope in the MTJ1
region comprising amino acid V110AIYEVLKD-

DERRQRYDDIL129, we observed a broader spectrum
of staining patterns, which we categorized as either
negative, weak/blush, or strong staining. We ob-
served that patients with weak/blush staining had
worse survival, when compared with patients with
negative or strong staining. The patterns of MTJ1
expression were not, however, significantly asso-
ciated with any one particular pattern of GRP78
staining (regain or fade).

Similar to our observations in primary cutaneous
melanoma, GRP78 expression shows both temporal
and qualitative dynamism within various tumor
types during tumor progression. For example, in
prostate cancer, stronger GRP78 staining was asso-
ciated with decreased overall survival and clinical
recurrence-free survival.39 Wang et al38 showed
increased levels of GRP78 expression in more
poorly differentiated and higher-stage adenocarci-
nomas of the lung, with similar observations being
made for esophageal adenocarcinoma.37 It is note-
worthy that in a subset of cases of esophageal
cancers studied, tumors either showed an increased
expression of GRP78 in early- (pT1) or more
advanced-stage tumors (pT3), with lower levels of
expression observed in intermediate-stage
lesions. These findings are analogous to our findings
of a decreased GRP78 protein expression in
malignant cells of more intermediate Breslow
thickness and support the notion that GRP78
expression by malignant cells is not static and that
expression under certain circumstances may result
in different functions at different phases of tumor
progression.

In light of these findings, it is important to note
that these three studies, along with ours, all used the
same Anti-GRP78 polyclonal antibody (Santa
Cruz Biotechnology, catalog number SC-1050)
against the N-terminus portion of the protein. This

Figure 8 Summary of the GRP78 fade group. In all, 34 cases show
a gradual loss or fade of the GRP78 expression pattern and have
both less-invasive tumors and greater survival when compared
with the regain of expression pattern.

Figure 9 Summary of the GRP78 regain group. In all, 24 cases
show a regain of GRP78 expression at the deep invasive
component. These cases were more invasive with shorter patient
survival when compared with patients with a loss of GRP78
expression.
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is important because of the recent advances made in
the understanding of the relationship between
GRP78 function and the domain-specific interac-
tions that it has with proteins such as MTJ1.52

Differences in GRP78 immunohistochemical reac-
tivity may in part be explained by conformational
changes in GRP78 specific to a particular tumor type
at a particular point in the progression of that tumor.
With this in mind, we attempted to show a different
pattern of staining (that is, loss of superficial and
deep staining in the melanoma with a central stain-
rich region) using an anti-GRP78 antibody that we
produced, directed against the COOH-terminal
domain of GRP78. Our results, however, were non-
specific without the reproducible patterns seen with
the use of the antibody directed against an epitope
in the NH2-terminal domain (Papalas, unpublished
observations). Recently, Zhuang et al40 showed a
negative association between the overall strength of
GRP78 expression in melanoma and various clinical
parameters. Unlike our study, which used antibo-
dies against the N-terminus, they used a commercial
antibody directed against the C-terminus of GRP78.
Similar to our unpublished observations, they did
not observe a regain of GRP78 expression, or any
specific pattern of expression, when using an anti-
body directed against the COOH-terminal domain.
Nonetheless, their observations have emphasized
the importance of GRP78 expression in melanoma
progression.

Owing to the diverse functions of GRP78
described both in neoplasia and the UPR, there are
several theories that may account for the regain of
GRP78 seen in the deeper levels of melanomas we
studied. In its traditional role as a heat shock protein
of the HSP 70 family, GRP78 and other related
proteins function in response to cellular stress.53 As
melanomas progress and invade into deeper
levels, there are concomitant changes in a number
of microenvironmental physical conditions,54,55 of
which hypoxia is paramount, which has been
shown to trigger a number of molecular cascades
in melanoma cell lines.56,57 In fact, hypoxic stress by
itself leads to an increased expression of GRP78 in
cultured human fibrosarcoma cells.58 Hence, solid
malignancies, such as melanoma, which retain their
capacity to respond to cell stressors, will upregulate
the expression of GRP78.30 This is consistent with
our observations of progressive loss and regain of
expression of GRP78 at the deeper invasive edge of
melanomas.

Glucose-regulated protein 78 is also involved in
the inhibition of apoptosis.59 As local microenviron-
mental conditions evolve and GRP78 expression
increases, melanoma cells gain resistance to
intra and extracellular inducers of apoptosis.60 If
increased expression of GRP78 confers resistance to
apoptosis, this could help to explain why we
observed a decreased overall survival in patients
who showed regain of GRP78 at the invasive edge of
their melanomas.

More recently, GRP78 has been characterized on
cell membranes.61 Flow cytometric analysis of
thapsigargin-treated rhabdomyosarcoma cells
showed cell surface expression of the heat shock
protein.62 Investigation into the function of cell
membrane-associated GRP78 has shown its involve-
ment in various signal transduction cascades.63,64

In sum, these pathways are progrowth and anti-
apoptotic.23–25,63,65 One of the limitations of our
study is that differences in GRP78 cellular
and subcellular distribution between superficial
GRP78-positive melanoma cells and deep ‘regain’
GRP78-positive melanoma cells were not assessed.
We did not observe membrane-only/predominant
staining in our set of cases. The predominant pattern
was strong cytoplasmic staining with occasional
perinuclear clearing. More study is needed to
address the potential localization and functional
differences in GRP78 between different populations
of in situ melanoma cells.

As cell surface GRP78 forms a complex with ER-
stationed MTJ1,23 we also hypothesized that the
immunohistochemical pattern of MTJ1 expression
would be similar to that observed in GRP78. The
pattern of MTJ1 staining showed both qualitative
and quantitative differences from the patterns we
observed with GRP78, but no statistical relationship
between the pattern of MTJ1 staining intensity and
regain of GRP78 expression was seen. However,
when considered independently, the tumors weakly
expressing MTJ1 had worse overall survival
(P¼ 0.002) than did tumors with a strong or negative
expression. When the GRP78 regain group was
compared with the fade group, 56% of fade group
had tumors with weak MTJ1 staining versus 36% of
the regain group, but this difference was not
significant by the w2-test (P40.9). In addition, when
compared with melanomas with any expression of
MTJ1, those with no staining had Breslow thickness
(average for the group, 2.9 mm) between those with
strong positive (2.1 mm) and those with weak
(3.2 mm) MTJ1 staining. Although these differences
in tumor depth between MTJ1 groups failed to meet
statistical significance (Kruskal–Wallis test63), they
do suggest that MTJ1, similar to GRP78, is expressed
differentially at various phases of melanoma inva-
sion. Out of the entire patient set with adequate
tissue left over after GRP78 IHC (n¼ 56), 71% of
cases showed some degree of MTJ1 staining (either
weak or positive). This finding, at the very least,
shows that GRP78 and MTJ1 are coexpressed in
almost three-fourth of the tumors that we studied.

Finally, as an exploratory study regarding the
potential importance of GRP78 and MTJ1 in primary
cutaneous melanoma, testing for their independent
contributions to outcomes will require a follow-up
study with more patients. We already demonstrated
that GRP78 is not statistically independent from
tumor thickness, and our results hint that MTJ1 is
also related to tumor thickness. Thus, we conclude
that these biological markers must be related to
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important aspects of melanoma, because thickness
certainly is. Which among these is the most closely
related to outcomes is for the moment uncertain.

We describe for the first time two distinct patterns
of GRP78 expression within a single tumor type
(primary cutaneous malignant melanoma), as well
as correlate these patterns with MTJ1 expression
and several clinicopathological parameters. Addi-
tional studies are needed to both clarify the role of
GRP78 in malignant melanoma and further char-
acterize its reexpression at deeper levels within
invasive melanoma and its relationship to proteins,
such as MTJ1, which function to augment the cell
surface signaling capacity of GRP78.
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