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Abstract Interferon-alpha (IFN-a) is used as an adjuvant
therapy in patients with malignant melanoma and who
have undergone surgical resection of high-risk lesions.
Defective expression or activation of STAT1 or STAT2
has been shown to correlate with IFN-a or resistance in
vitro; however, recent data from our laboratory suggest
that the anti-tumor effects of IFN-a are dependent on
STAT1 signaling within host immune cells. We mea-
sured STAT1 and STAT2 expression in 28 melanoma
biopsies (8 cutaneous lesions; 1 lung metastasis; 19 nodal
metastases) obtained from patients prior to the initiation
of adjuvant IFN-a therapy. Disease recurrence following
IFN-a treatment did not correlate with the staining
intensity of either STAT1 (P=0.61) or STAT2 (P=0.52).
Tumors with minimal STAT1 or STAT2 expression
(<20% positive) were present in four patients with
tumor-positive lymph nodes, who exhibited prolonged
relapse-free survival (>44 months) following adjuvant
therapy. Conversely, high levels of STAT1 were present

in a patient who recurred during the course of IFN-a
therapy. A case study of one patient who experienced
recurrent disease during IFN-a treatment revealed that
STAT1 levels were greater in the recurrent tumor when
compared to the original lesion. These studies provide
direct evidence to suggest that levels of STAT1 and
STAT2 within the tumor do not influence a patient’s
response to adjuvant IFN-a.
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Abbreviations

IFN-a Interferon-alpha
IFN-a2b Interferon-alpha 2b
STAT Signal transducer and activator

of transcription
H & E Hematoxylin and eosin

Introduction

Interferon-alpha (IFN-a) has demonstrated clinical
activity when administered at high doses to patients with
metastatic melanoma [13–15, 17]. The utility of adjuvant
IFN-a has also been explored in patients who underwent
complete surgical excision of their tumor, yet were at
high-risk for recurrent disease [7, 13–15]. Data obtained
from trials utilizing IFN-a in the adjuvant setting yielded
conflicting results. Kirkwood et al. [15] conducted a
phase III trial in which patients were randomized to
receive high-dose IFN-a [20 million units (MU)/m2/day
i.v. for 1 month followed by 10 MU/m2 /thrice weekly
s.c. for 48 weeks] or observation. The results of this trial
were reported in 1996 and revealed increased overall
survival and relapse-free survival in patients who received
IFN-a. In contrast, a confirmatory trial comparing the
efficacy of high-dose and low-dose IFN-a regimens (3 MU
thrice weekly · 2 years) in a similar population of surgi-
cally-treated patients revealed no difference in overall
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survival for either schedule of IFN-a as compared to
observation alone [12]. Despite these conflicting reports,
and our current lack of knowledge regarding its mecha-
nism of anti-tumor action, IFN-a remains the only FDA-
approved adjuvant treatment for patients who underwent
surgical resection of high-riskmalignantmelanoma lesions
(primary tumors >4 mm or lymph node metastases) [17].

The receptor for IFN-a (IFNAR) is widely expressed
on both tumor and host-immune cells [11]. Binding of
IFN-a to its receptor activates the associated kinases,
Janus kinase 1 (Jak1) and Tyrosine kinase 2 (Tyk2),
which phosphorylate the cytoplasmic tails of the inter-
feron receptor subunits on specific tyrosine residues.
These phosphotyrosine residues provide docking sites
for cytoplasmic transcription factors belonging to the
signal transducer and activator of transcription (STAT)
family of proteins. STAT proteins are phosphorylated
following ligand binding [8] and form a DNA binding
complex known as the interferon-stimulated gene factor
3 (ISGF3) which consists of STAT1a or STAT1b—an
inactive form), STAT2 and a p48 DNA binding protein,
known as interferon regulatory factor 9 (IRF9) [18].
ISGF3 initiates the transcription of IFN-responsive genes
through its interaction with a shared promoter element,
the interferon stimulated response element (ISRE) [6].

Interferon-alpha is known to exert direct anti-prolif-
erative, pro-apoptotic and anti-angiogenic effects on
melanoma cells in culture. We previously showed that ex
vivo treatment of patient tumors with clinically relevant
concentrations of IFN-a consistently activated STAT1
and STAT2 [3]. These observations suggested that IFN-
a treatments exert a direct effect on tumor cells regard-
less of their ability to stimulate host tissues.More recently,
it was also observed that some IFN-a-resistant human
tumor cell lines exhibited defects in the expression of spe-
cific Jak-STAT intermediates (STAT1, STAT2 or IRF9)
[22, 25, 28]. Interestingly, restoration of STAT1 expres-
sion in an IFN-a-resistant melanoma cell line led to the
recovery of in vitro sensitivity to IFN-a [29]. These data
supported the hypothesis that the clinical response to
IFN-a may be mediated, in part, by a direct effect on the
melanoma cell. In contrast, other evidence suggest that
the immunomodulatory effects of IFN-a might be most
critical to its anti-tumor actions.We recently showed that
activation of STAT1within host immune effectors and not
melanoma cells is responsible for the anti-tumor effects of
IFN-a in a murine model of malignant melanoma [1, 19].
Furthermore, a studybyChawla-Sarkar et al. reported that
defects in expression or activation of STAT1 or STAT2
were infrequent in melanoma cell lines and tumor samples
and did not correlate with IFN-resistance in vitro [5].

The current study investigated whether the expression
of STAT1 and STAT2 within 28 retrospectively identi-
fied melanoma tumors correlated with clinical respon-
siveness to IFN-a adjuvant therapy. We found that the
expression of STAT1 and STAT2 within patient mela-
noma tumors was not associated with either time to
disease recurrence or overall survival (OS). Thus in the
clinical setting, the expression of STAT1 and STAT2

within the tumor did not predict a patient’s ultimate
response to adjuvant IFN-a. These data provide clinical
evidence to support the hypothesis that other targets of
IFN-a action, such as host immune effectors, or other
tumor signaling pathways may be more important in
determining the clinical response to this treatmentmodality.

Materials and Methods

Antibodies

Murine anti-human STAT1 antibody (N-terminus) was
obtained from Becton Dickinson Transduction Labo-
ratories (Franklin Lakes, NJ, USA). Rabbit anti-human
STAT2 antibody was obtained from Biosource Inter-
national (Camarillo, CA, USA). Murine IgG1 and rab-
bit IgG antibodies were used as isotype controls to assess
background staining on negative control slides for
STAT1 and STAT2, respectively.

Surgical specimens and patients

All studies were conducted in accordance with the rules
and regulations of The Ohio State University Institu-
tional Review Board (protocol# 2002H0089). Malignant
melanoma surgical specimens were obtained through the
Cooperative Human Tissue Network facility at the Ohio
State University, Columbus, OH, USA. Tumor speci-
mens that prompted the initiation of IFN-a adjuvant
therapy were obtained from 28 patients with malignant
melanoma and who had undergone a lymph node dis-
section (n=19), wide local resection of a primary tumor
(n=8), or resection of an isolated visceral metastasis
(n=1). All patients underwent surgical excision of their
index lesion at the University Hospitals of the Ohio
State University between 1991 and 1999. When possible,
these specimens were selected to include tumor and
adjacent non-malignant tissue. Paraffin embedded tu-
mors were sectioned into 5-lM slices using a standard
microtome and attached to a lysine-coated slide. A
melanotic phenotype was confirmed by staining with
hematoxylin and eosin (H&E) and immunohistochemistry
for vimentin, S100 and HMB45. All specimens were
obtained from index lesions prior to the initiation of
IFN-a adjuvant therapy.

Immunostaining of paraffin sections

Sections were de-paraffinized twice in xylene for 10 min
at room temperature and rehydrated by stepwise washes
in decreasing ethanol/H2O ratio (100, 95, 70%) followed
by soaking in dH2O. Endogenous peroxidase activity
was blocked with dH2O containing 3% hydrogen per-
oxide for 5 min, followed by repeated rinses in dH2O.
Antigen retrieval was achieved in Dako’s target retrieval
solution (Dako S1699) by heating slides in a steamer at
94�C for 30 min and cooling at room temperature for
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15 min. After rinsing in dH2O, slides were incubated for
60 min with a 1:2,000 dilution of murine anti-STAT1
(N-terminus) antibody or a 1:50 dilution of rabbit anti-
human STAT2 antibody. Detection was achieved with the
Isab+ system and DAB Chromogen (Dako, Carpinteria,
CA, USA). Coverslips were applied following counter-
staining with Mayer’s hematoxylin and dehydration.
Tissue specimens were processed in a single batch to
ensure a valid comparison between samples.

Analysis of STAT1 and STAT2 expression

Analysis of patient samples was performed in a blinded
fashion by an experienced dermatopathologist. Three or
more high power fields per tumor section were analyzed
using a Nikon Eclipse E400 microscope (Tokyo, Japan).
Care was taken to eliminate compromised areas that could
bias the analysis, such as artifacts generated during pro-
cessing or staining. Following the identification of malig-
nant tissue by H & E staining, the percentage of cells
positive for STAT1 or STAT2 was calculated. Location of
positive staining (cytoplasmic vs. nuclear) and intensity of
staining (strong,moderate, orweak)was also recorded.All
antibodies were titrated prior to staining using control
tissue from a single malignant melanoma patient who
underwent a lymph node biopsy. Positive staining of
lymphocytes for STAT1 and STAT2 within each lymph
node was used to validate the specificity of the staining,
and to determine the optimal dilution of antibody.

Patient data

A total of 28 specimens were obtained from tumors of
retrospectively identified patients with histologically
proven malignant melanoma. The Breslow thickness and
Clark’s Level of each primary tumor was obtained from
individual patient records. Due to the retrospective
nature of this study, this information was not specified
in the medical records of all patients. Information on
Clark’s Level was available in only 21 out of 28 patients.
Information on Breslow thickness was available in 25
out of 28 patients, as 3 out of 26 patients studied pre-
sented with a primary tumor in a lymph node. Patient
characteristics including age, sex, race, primary tumor
site, and date of relapse (if applicable) were recorded.
Patients were staged according to general guidelines of
the American Joint Committee on Cancer (AJCC) [23,
26]. All surgical procedures were performed prior to
initiation of IFN-a adjuvant therapy.

Response criteria/clinical course definitions

The protocol for IFN-a adjuvant therapy has been
previously described [15]. Briefly, this treatment con-
sisted of 1 month of high-dose i.v. interferon-alpha 2b
(IFN-a2b) administered at 20 MU/m2 /day, for 5 days
each week, followed by s.c. administration of low-dose

IFN-a2b (10 MU/m2 /day) 3 times weekly for 11 months.
The number of months completed by each patient was
recorded. Completion of the entire 12-month treatment
regimen without decreasing the standard dosage of IFN-
a2b (due to toxicity or non-compliance) was defined as a
complete course of adjuvant therapy.

Statistical analysis

Disease recurrence from the start of IFN-a therapy was
the primary outcome of interest. We investigated the
association between recurrence and STAT1 scores,
STAT2 scores, tumor involved lymph nodes, STAT1
location and STAT2 location via Fisher’s Exact test.
STAT1 and STAT2 scores incorporate the percentage of
cells positive for STAT1 or STAT2 and the intensity of
staining into a five level score (1–5, where 5 is high). To
compare tumor thickness between patients who recurred
and those who did not, we used the Wilcoxon rank–sum
test. To measure the strength of dependence between the
measures of STAT1 and STAT2, the percentage of cells
staining positive for STAT1 was compared with the
percentage of cells staining positive for STAT2 using
Spearman’s rank correlation. Estimates of the time to
recurrence for patients were calculated via the Kaplan–
Meier estimator [10]. All reported P-values were two-
sided and considered significant at the 0.05 level. Due to
the small number of patients involved in this study, the
associations were limited to univariable analysis.

Results

Patient and specimen characteristics

The study cohort consisted of 28 retrospectively identi-
fied malignant melanoma patients with tumors that
prompted initiation of IFN-a adjuvant therapy (Breslow
thickness >4 mm, Clark’s Level III or greater, nodal
involvement, isolated recurrences). Only patients for
whom this specific tumor tissue was available were se-
lected for this study. Patient demographics are summa-
rized in Table 1. Of the specimens being examined in this
study, eight consisted of primary tumors of the skin, one
was an isolated lung metastasis, and 19 were lymph node
metastases. All patients were Caucasian, 16 of the 28
patients were male and the median age was 53. The
majority of primary tumors were located on the
extremities (13 of 28) with the remaining tumors arising
from the skin of the trunk or head/neck. Following
surgical resection, patients were determined to be dis-
ease-free and subsequently underwent adjuvant therapy
with IFN-a. Patients were monitored for recurrence and
mortality from the time IFN-a adjuvant therapy was
initiated (Table 2). Patients with recurrent disease are
represented by single-letter nomenclature (i.e. A-R),
while patients who remained disease-free are represented
by two-letter nomenclature (i.e. AA-JJ).
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Clinical response to adjuvant therapy

The main objective of this study was to determine
whether intratumoral expression of STAT1 and STAT2
by melanoma cells correlated with the clinical outcome
of patients receiving IFN-a in the adjuvant setting. Ten
patients in the current study reported significant toxicity
and did not receive a full course of IFN-a adjuvant
therapy (Patients E, I, J, N, P, Q, CC, EE, FF, JJ),
although all received at least 1 month of high-dose IFN-
a. The average length of maintenance IFN-a adminis-
tered in this group of ten patients was 5.7 months.
Analysis of data from two clinical trials of IFN-a
adjuvant therapy (E1684 and E1690) has suggested that
the survival benefit associated with adjuvant IFN-a
might be attributable to the i.v. induction phase in which
nearly 40% of the annual dose is administered [4, 12,
15]. Clinical trials designed to test the efficacy of the
1 month intravenous regimen are ongoing (Intergroup
E1697). Based on these data, we elected to include pa-
tients receiving at least 1 month of IFN-a2b adjuvant
therapy in our analysis. Seven patients in the current

study experienced progressive disease during the course
of adjuvant IFN-a, resulting in cessation of immuno-
therapy (Patients C, G, H, K, L, O, R).

Immunohistochemical analysis of STAT1 expression

Expression of STAT1 in patient tumor tissue was
evaluated by immunohistochemistry. Small quantities
of tumor tissue were a limitation to acquiring complete
data for some patients included in the current study. As
a result, STAT1 staining was performed on tumors
from 26 patients in the study population. Representa-
tive sections of each tumor were first processed for
histopathology by H & E staining to confirm the pre-
sence of malignant tissue. Many sections involving
lymph node metastases contained normal lymphocytes
that served as an internal positive control for STAT1
staining. Representative immunohistochemical staining
of STAT1 in tumors metastatic to the lymph nodes is
shown in Fig. 1a–c. Widespread positivity for STAT1
was observed in a majority of lymphoid cells contained
within tumor sections. The staining in both tumor and
lymphoid cells was predominantly localized to cyto-
plasmic regions; however scattered nuclear positivity
was also evident. Marked variability in STAT1
expression was observed across patient tumors. Only 3
of 26 patient tumors (Patient D, K, and CC) demon-
strated no detectable STAT1 staining, while the
remaining patient tumors expressed levels ranging from
very low expression (positive staining in £ 5% of tu-
mor cells) in 9 out of 26 of patient tumors to high
expression (‡60% positive) in 11 out of 26 of patient
tumors. Multiple sections from tumors with very low
STAT1 expression were stained to confirm this phe-
notype. The location of STAT1 staining in tumors was
variable (4 out of 26 tumors displayed staining that was
predominantly cytoplasmic; 5 out of 26 tumors dis-
played staining that was predominantly nuclear; and in
17 out of 26 tumors STAT1 staining was observed in
both the nucleus and the cytoplasm). We did not find
any association between the location of STAT1 and
whether or not a patient exhibited recurrent disease
(P=0.94, Fisher’s Exact Test). Representative sections
of tumors with cytoplasmic and nuclear staining
STAT1 are shown in Fig. 2a–c.

Immunohistochemical analysis of STAT2 expression

Expression of STAT2 was also analyzed and repre-
sentative immunohistochemical staining is shown in
Fig. 3a–c. With limited quantities of tumor tissue
available from some patients, we were unable to
determine STAT2 expression by immunohistochemistry
in 4 of 28 patients in the study population. The level of
STAT2 expression varied significantly across patient
tumors (15–100% positive). On average, the overall
expression was higher than that of STAT1 (Table 3).

Table 1 Patient demographics

Number of patients total 28

Sex (male/female) 16/12
Age
Median 53
Range 25–82
Primary tumor site
Head/neck 5
Trunk 7
Extremeties 13
Other 3
Tumor thickness
Mean (mm) 3.7
Range (mm) 0.78–8.5
Clarks level
III 6
IV 14
V 3
Unspecified 5
Nodal invovlement
None 7
1–3 13
>4 4
Undetermined 4

Table 2 Disease related survival of the study population

Number of patients Percentage

Relapse 18 64.3
Site of recurrence
Regional 18 64.3
Distant 0 0
Mortality
Total 14 50
Disease related 13 46.4
Treatment related 0 0
Other causes 1 3.6
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The location of STAT2 staining within tumors was
variable (4 out of 24 tumors displayed predominantly
nuclear staining; 7 out of 24 of tumors displayed pre-
dominantly cytoplasmic staining; and in 13 out of 24 of

tumors STAT2 staining was observed in both the nu-
cleus and the cytoplasm). We did not find any asso-
ciation between the location of STAT2 and whether or
not a patient developed recurrent disease (P=0.85,
Fisher’s Exact Test). Moreover, we did not find any
association between the location of STAT1 and

Fig. 1 Representative STAT1 staining from a melanoma positive
lymph node. Strong cytoplasmic and nuclear staining of STAT1
was observed in both melanoma cells and mononuclear cells
present in the lymph nodes. a Representative tumor-infiltrated
lymph node magnified at 200·, b Representative tumor-infiltrated
lymph node magnified at 400·, (c) Representative mononuclear
cells magnified at 800·

Fig. 2 STAT1 staining. Representative STAT1 staining from
malignant melanoma lesions showing a strong cytoplasmic staining
b strong nuclear and cytoplasmic staining or c samples stained with
a control murine IgG antibody (negative control). All sections
shown are magnified at 400·
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STAT2 staining overall (P=0.51). A summary of
immunohistochemical data is presented in Table 4.
The percentage of STAT1 staining was not correlated
to the percentage of STAT2 staining (Spearman’s rank
correlation=0.23, P=0.30).

Expression of STAT1 and STAT2 within melanoma
cells does not correlate with clinical response to IFN-a

Eleven of 26 patient tumors stained strongly (>60%
positive) for STAT1, while 18 out of 24 patient tumors
stained strongly for STAT2. However, disease recur-
rence following IFN-a2b treatment was not associated
with staining intensity of either STAT1 or STAT2
P=0.61 for STAT1; P=0.52 for STAT2; Fisher’s Exact
test). For patients with a low STAT1 score (1–3), the
median time to recurrence was 20 months (95% CI=9–
51 months). Five of the ten patients who did not recur
during the study had low STAT1 scores. Four of the ten
patients who did not recur were categorized as having
high STAT1 scores, and one patient’s STAT1 level could
not be determined. The median time to recurrence for
patients with a high STAT1 score was at least
45 months, however at the last observation, half of the
patients with high STAT1 scores were free of disease.
Follow-up times for patients with high STAT1 scores
ranged from 4–52 months and 370 months for those
with low STAT1 scores. The median time to recurrence
for patients with high STAT2 score (4 or 5) was
21 months and 9 months for those with a low STAT2
score (1, 2, 3). Follow-up times for patients with high
and low STAT2 scores ranged from 5–65 months and 3–
72 months respectively.

In patients who underwent excision of high-risk
skin lesions, there were examples of prolonged RFS in
the setting of STAT1-negative tumors (e.g., Patient
CC, GG, HH) as well as rapid recurrence of tumors
that expressed abundant levels of both STAT1 and
STAT2 (e.g., patient A, M). Similar scenarios were
observed in patients that received IFN-a2b following
resection of nodal metastases. Patients HH, CC, and
GG had very low STAT1 staining (5% STAT1 posi-
tive), yet remained disease free at 50, 70, and
61 months post-IFN-a2b therapy. Conversely, patient
H had exhibited strong expression of both STAT1 and
STAT2 within a large nodal metastasis and yet re-
curred after just 4 months of therapy. We also exam-
ined whether or not tumor thickness or ulceration were
related to recurrence. No difference in thickness of the
original tumor was observed between patients who re-
curred and those who did not (P=0.55; Wilcoxon rank-
sum test). Ulceration was present in primary tumors
from only 5 of 26 patients in the current study (Patients
C, G, K, M, R). As might be expected, the five patients

Fig. 3 STAT2 Staining. Representative STAT2 staining from
malignant melanoma lesions showing a, b strong cytoplasmic
staining and c strong nuclear staining. All sections shown are
magnified at 400·

Table 3 Distribution of STAT1 and STAT2 staining within patient
tumors

Percentage positive STAT1 STAT2

0–20 9 2
21–40 6 4
41–60 4 4
61–80 5 10
81–100 2 4

820



T
a
b
le

4
Im

m
u
n
o
h
is
to
ch
em

ic
a
l
a
n
a
ly
si
s
a
n
d
cl
in
ic
a
l
ch
a
ra
ct
er
is
ti
cs

o
f
th
e
st
u
d
y
p
o
p
u
la
ti
o
n

P
a
ti
en
t

S
T
A
T
1

le
v
el

S
T
A
T
2

le
v
el

S
T
A
T
1

lo
ca
ti
o
n

S
T
A
T
2

lo
ca
ti
o
n

A
JC

C
st
a
g
e

M
o
n
th
s

co
m
p
le
te
d

(M
o
n
th
s
p
o
st

re
se
ct
io
n
)

C
la
rk
’s

le
v
el

B
re
sl
o
w

th
ic
k
n
es
s
(m

m
)

L
N

p
o
si
ti
v
e

P
ri
m
a
ry

tu
m
o
r
si
te

S
it
e
o
f

re
cu
rr
en
ce

A
4

4
C
y
to
p
la
sm

ic
C
y
to
p
la
sm

ic
3

1
2

1
9

II
I

0
.7
8

1
2
o
f
1
4

B
a
ck

B
a
ck

B
3

N
D

N
u
cl
ea
r

N
D

1
B

1
2

5
2

II
I

1
.1
5

0
o
f
1
9

B
a
ck

B
a
ck

C
1

2
C
y
to
p
la
sm

ic
B
o
th

2
A

9
9

IV
2
.9

0
R
ig
h
t
le
g

R
ig
h
t
g
ro
in

D
1

N
D

B
o
th

N
D

4
1
2

2
0

N
D

8
.5

1
o
f
1

R
ig
h
t
a
rm

R
ig
h
t
a
rm

E
a

1
4

N
u
cl
ea
r

B
o
th

N
D

7
1
5

N
D

N
D

0
T
o
e

R
ig
h
t
fo
o
t

F
3

5
B
o
th

B
o
th

N
D

1
2

2
1

IV
N
D

0
R
ig
h
t
le
g

R
ig
h
t
g
ro
in

G
3

2
B
o
th

B
o
th

2
B

3
3

IV
3
.9

0
o
f
1
8

L
ef
t
le
g

L
ef
t
h
ip

H
4

3
B
o
th

C
y
to
p
la
sm

ic
N
D

4
4

V
4

N
D

F
o
re
h
ea
d

N
ec
k

Ia
1

N
D

B
o
th

N
D

3
1
1

4
4

IV
1
.5

2
R
ig
h
t
te
m
p
le

N
ec
k

Ja
2

4
B
o
th

B
o
th

4
4

3
9

N
D

N
D

1
o
f
3
3

R
ig
h
t
g
ro
in

L
a
b
ia

m
a
jo
ra

K
1

4
N
o
n
e

N
u
cl
ea
r

4
5

5
IV

8
2
5
o
f
4
0

R
ig
h
t
le
g

R
ig
h
t
le
g

L
2

1
B
o
th

C
y
to
p
la
sm

ic
4

6
6

IV
1
.4
4

7
o
f
3
3

N
ec
k

N
ec
k

M
5

3
B
o
th

B
o
th

4
1
2

1
6

V
5

1
o
f
2
9

L
ef
t
le
g

L
ef
t
le
g

N
a

1
4

C
y
to
p
la
sm

ic
B
o
th

4
9

2
0

N
D

9
1
o
f
1
4

V
u
lv
a

L
u
n
g

O
2

3
N
u
cl
ea
r

N
u
cl
ea
r

4
5

5
IV

1
1

L
ef
t
fi
n
g
er

L
ef
t
fo
re
a
rm

P
a

2
3

B
o
th

C
y
to
p
la
sm

ic
N
D

1
1
4

II
I

4
.7

N
D

F
o
o
t

L
eg

Q
a

2
5

B
o
th

B
o
th

4
1
0

1
3

II
I

2
.3

6
o
f
8

R
ig
h
t
sh
o
u
ld
er

R
ig
h
t
sh
o
u
ld
er

R
N
D

5
N
D

B
o
th

2
C

1
0

1
0

II
I

5
.7

0
o
f
1
2

B
a
ck

B
a
ck

A
A

4
5

C
y
to
p
la
sm

ic
C
y
to
p
la
sm

ic
4

1
2

5
2
m
o
s.
cl
ea
r

N
D

N
D

2
o
f
2
2

L
y
m
p
h
n
o
d
e

N
o
t
a
p
p
li
ca
b
le

B
B

4
4

B
o
th

B
o
th

4
1
2

5
9
m
o
s.
cl
ea
r

IV
1

1
o
f
2
1

L
ef
t
le
g

C
C
a

1
2

N
o
n
e

C
y
to
p
la
sm

ic
3

5
7
0
m
o
s.
cl
ea
r

IV
2
.6

2
o
f
3

L
ef
t
le
g

D
D

2
N
D

B
o
th

N
D

3
1
2

4
4
m
o
s.
cl
ea
r

IV
1

1
o
f
3
0

R
ig
h
t
le
g

E
E
a

5
4

B
o
th

B
o
th

N
D

4
4
5
m
o
s.
cl
ea
r

IV
–
V

5
N
D

N
a
sa
l
d
o
rs
u
m

F
F
a

3
4

B
o
th

C
y
to
p
la
sm

ic
N
D

4
6
5
m
o
s.
cl
ea
r

IV
2
.2

N
D

S
ca
lp

G
G

1
1

N
u
cl
ea
r

B
o
th

4
N
D

6
1
m
o
s.
cl
ea
r

IV
2
.6

1
o
f
4
1

B
a
ck

H
H

1
4

B
o
th

N
u
cl
ea
r

3
1
2

5
1
m
o
s.
cl
ea
r

IV
8
.5

2
o
f
2
5

B
a
ck

II
4

4
N
u
cl
ea
r

B
o
th

2
B

1
2

5
0
m
o
s.
cl
ea
r

IV
5

0
R
ig
h
t
sh
o
u
ld
er

JJ
a

N
D

2
N
D

N
u
cl
ea
r

4
2

7
2
m
o
s.
cl
ea
r

II
I

1
.2

2
o
f
2

R
ig
h
t
le
g

a
D
en
o
te
s
to
x
ic
it
y

N
D

n
o
t
d
et
er
m
in
ed

821



with an ulcerated primary tumor did exhibit disease
recurrence. Although these data were interesting, the
limited number of patients with ulcerated primary tu-
mors prevented us from drawing meaningful statistical
conclusions.

Case report

A 56-year-old male presented in November 2002 with
nodal metastases in the right groin and a history of a
melanoma (2 cm · 0.7 cm in width) of the right lower
extremity, resected 4 months earlier. A benign pig-
mented skin lesion had also been resected 27 years ear-

lier from the same area. A full inguinal lymph node
dissection was performed. Three of 13 superficial nodes
contained tumor (largest nodal metastasis was 6 cm in
diameter). The deep inguinal nodes were negative for
melanoma (0/23). Adjuvant therapy with IFN-a2b was
initiated 2 months following lymph node dissection and
continued for 6 months until the patient presented with
tumor in the right lower extremity. Immunohistochem-
ical staining for STAT1 and STAT2 expression in these
tumor tissues was performed and the results are pre-
sented in Fig. 4. Only focal positivity for STAT1 was
observed in the initial lesion (prior to IFN-a2b therapy),
whereas STAT1 was highly expressed in the recurrent
lesion (during IFN-a2b therapy). Of note, tumor tissue

Fig. 4 Immunohistochemical
staining of malignant
melanoma from a patient
exhibiting recurrent disease
during IFN-a2b adjuvant
therapy. Tumor tissue was
obtained prior to IFN-a2b
adjuvant therapy (initial nodal
lesion) and from the lesion that
developed at the site of the wide
local excision on the calf during
IFN-a2b treatment. Sections
from each tumor were stained
by hematoxylin and eosin, or
with anti-STAT1, -STAT2 or
appropriate isotype control
antibodies (mouse IgG or
rabbit IgG). All panels
represent tumor as seen at 600·
magnification. Analysis
indicated the presence of a
polymorphonuclear cell (PMN)
infiltrate in viable tumor (see H
and E panels), consistent with
inflammation and tumor cell
necrosis. No substantial
background staining was
observed with isotype control
antibodies while cytoplasmic
staining was observed for
STAT1 and STAT2 in all
panels
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obtained from both lesions displayed robust expression
of STAT2.

Discussion

We examined STAT1 and STAT2 expression by
immunohistochemistry in tumors obtained from mela-
noma patients prior to the initiation of adjuvant therapy
with IFN-a2b. We found that neither the location nor
the level of STAT1 or STAT2 within tumors correlated
with time to disease recurrence in these patients. STAT1
levels did not correlate with the level of STAT2, and the
expression of each protein was highly variable across
tumors. Individual tumors appeared to consist of a
heterogeneous cell population, likely reflecting a rapidly
growing and changing tumor. These observations were
not surprising as genetic instability is a hallmark of tu-
mor transformation, particularly in the setting of
malignant melanoma [22]. We identified a subset of
patients with low STAT1 staining (<20%) who re-
mained disease-free up to 50 months post-IFN-a2b
adjuvant therapy. Finally, in a case study, we demon-
strated that STAT1 levels were elevated (compared to
the initial lesion) in a recurrent melanoma tumor that
developed during IFN-a2b adjuvant therapy. These
observations provide direct clinical evidence to suggest
that low intratumoral expression of STAT1 and STAT2
do not correlate with IFN-a-resistance.

Defective Jak-STAT signaling, particularly in
STAT1, has been implicated in IFN-resistance within
melanoma cells in vitro. Furthermore, reconstitution of
STAT1 has been shown to restore, at least in part, IFN-
responsiveness to STAT1 deficient cell lines as measured
in an anti-viral assay [29]. These findings suggested that
decreased levels of STAT1 protein expression in the
tumor might render an individual less responsive to
IFN-a2b adjuvant therapy. In contrast to this hypoth-
esis, the present study has demonstrated that intratu-
moral expression of STAT1 did not correlate with
disease recurrence following adjuvant IFN-a2b. Defec-
tive phosphorylation of STAT1 at Tyr701 and Ser 727
in response to interferons has been documented in both
melanoma cell lines and primary cultures derived from
melanoma patients [16]. These functional abnormalities
of melanoma cells could potentially lead to decreased
expression of interferon-stimulated genes (ISGs) within
the tumor cell. It is possible that attenuated phosphor-
ylation events downstream of the IFNAR could be
attributed to defects in other constituents of the Jak-
STAT signaling pathway (Jak1, Tyk2). However, these
hypotheses do not provide a rational explanation as to
how patients with little or no expression of total STAT1
protein obtained clinical benefit from exogenous IFN-a.
Certainly, STAT1-independent signaling pathways
could theoretically be responsible for mediating the anti-
tumor effects of IFN-a in melanoma cells, in which case
the levels of Jak-STAT intermediates might not correlate
with the clinical outcome.

Evidence is emerging that intratumoral expression of
STAT1 is not the main determinant of clinical respon-
siveness to IFN-a. For example, a recent study by
Chawla-Sarkar et al. reported no correlation between
expression or activation of STAT1 and in vitro IFN-
resistance in 30 patient samples and several melanoma
cell lines. In addition, no significant differences were
observed in the formation of gamma activated factor
(GAF) or IFN-stimulated gene factor 3 (ISGF3) com-
plexes or the induction of two ISGs (ISG-54 and IRF-1)
in sensitive and IFN-a-resistant melanoma cell lines. The
authors concluded that cellular resistance to IFN-a most
likely results from defective quantitative or qualitative
expression of specific ISGs that may affect the sensitivity
of tumor cells to the pro-apoptotic effects of IFN-a [5].
Interestingly, Jackson et al. demonstrated by western
blot that melanoma cell lines resistant to the anti-pro-
liferative effects of IFN-a possessed all protein compo-
nents of the Jak-STAT pathway. Furthermore, these
IFN-resistant cell lines were shown to be capable of
generating functional transcription factors as demon-
strated by an electrophoretic mobility shift assay and a
ribonuclease protection assay of known IFN-induced
genes. In addition, these cell lines had intact antiviral
and HLA upregulation responses [9]. Together, these
data suggest that IFN-resistance within melanoma cell
lines is likely mediated through cellular components of
the tumor cell that function independently of STAT1, or
perhaps through other cellular compartments. In con-
trast to these studies, the present report did not utilize
melanoma cell lines, but instead examined the relation-
ship between STAT1 or STAT2 within primary patient
tumors and clinical responsiveness to IFN-a.

The ability of the host immune system to control the
progression of melanoma and other IFN-a-responsive
malignancies (Renal Cell Carcinoma, Chronic Myeloid
Leukemia) has long been recognized [2]. For instance,
spontaneous regressions of malignant melanoma lesions
have been observed on rare occasions, and careful his-
tologic evaluations have revealed that this process is
mediated by activated lymphocytes [24]. Recent studies
in our laboratory utilizing murine models of melanoma
have demonstrated that defective STAT1 signaling
within immune cells renders a host unresponsive to the
anti-tumor effects of exogenously administered IFN-a
[1, 19]. In contrast, IFN-a administration was found to
significantly prolong the survival of wild type mice
bearing STAT1-deficient melanoma tumors. Further
experiments revealed that STAT1 signal transduction
within the NK cell compartment was responsible for the
anti-tumor actions of IFN-a [19]. In a separate study,
the B16F1 melanoma cell line was transfected with a
plasmid construct designed to overexpress STAT1.
Interestingly, the survival of IFN-a-treated mice bearing
this STAT1-overexpressing cell line was not significantly
prolonged when compared to IFN-a-treated mice bear-
ing wild type B16F1 tumors [1]. Most recently, we have
developed a novel flow cytometric assay to monitor Jak-
STAT signal transduction in peripheral blood mono-
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nuclear cells (PBMCs) of patients undergoing cytokine
immunotherapy. Studies utilizing this method have
determined that basal levels of phosphorylated STAT1
(at Tyr701) were significantly lower in PBMCs from
patients with metastatic melanoma when compared to
normal adult donors [20]. Together, these findings sug-
gest that inherent signal transduction defects within
immune cells might influence patient responsiveness to
IFN-a. The current study supports these findings and
further demonstrates that the clinical response to exog-
enous IFN-a may not correlate with the presence or
absence of STAT1 within the tumor.

In the clinical setting, melanoma lesions that recur
during a course of IFN-a-adjuvant therapy are com-
monly encountered. Although these tumors by definition
are IFN-resistant, they may not necessarily be IFN-
insensitive. In theory, if STAT1 or STAT2 expression
were critically important for the IFN-a-resistant phe-
notype of tumor cells, then one might hypothesize that
low or non-existent levels of these proteins would be
evident in lesions that arise during a clinical course of
IFN-a immunotherapy. However, data from our case
study does not support this hypothesis, as STAT1 levels
were markedly higher in a recurrent lesion that arose
during IFN-a treatment when compared to the primary
lesion. Although this data does not exclude a role for
functional defects in either STAT1-phosphorylation or
in the expression of specific IFN-regulated genes, it does
support the idea that intratumoral expression of STAT1
or STAT2 is not predictive of a clinically responsive
tumor. The presence of substantially higher levels of
STAT1 within the lesion that originated during IFN-a
immunotherapy was surprising. Although recent litera-
ture has demonstrated a role for constitutively active
STAT proteins (namely STAT3) in promoting tumor
growth [27, 30], other reports have associated STAT1
with the antiproliferative effects of IFN-a [21]. There-
fore, it is open to question whether this observation is
indicative of a growth advantage provided to the tumor
by overexpression of STAT1 in an IFN-a-resistant
lesion.

The current data support the hypothesis that the anti-
tumor effects of exogenously administered IFN-a may
proceed independently of the Jak-STAT signal trans-
duction pathway within tumor cells [5, 19]. Observations
from the present study suggest that factors other than
the expression of STAT1 or STAT2 by tumor cells may
directly impact patient survival in response to IFN-a
adjuvant therapy.
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