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Abstract

Although many human cancers such as melanoma express tumor antigens recognized by T cells,

host immune responses often fail to control tumor growth for as yet unexplained reasons. Here, we

found a strong association between melanocyte expression of B7-H1 (PD-L1), an immune-

inhibitory molecule, and the presence of tumor-infiltrating lymphocytes (TILs) in human

melanocytic lesions: 98% of B7-H1+ tumors were associated with TILs compared with only 28%

of B7-H1− tumors. Indeed, B7-H1+ melanocytes were almost always localized immediately

adjacent to TILs. B7-H1/TIL colocalization was identified not only in melanomas but also in

inflamed benign nevi, indicating that B7-H1 expression may represent a host response to tissue
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inflammation. Interferon-γ, a primary inducer of B7-H1 expression, was detected at the interface

of B7-H1+ tumors and TILs, whereas none was found in B7-H1− tumors. Therefore, TILs may

actually trigger their own inhibition by secreting cytokines that drive tumor B7-H1 expression.

Consistent with this hypothesis, overall survival of patients with B7-H1+ metastatic melanoma

was significantly prolonged compared with that of patients with B7-H1− metastatic melanoma.

Therefore, induction of the B7-H1/PD-1 pathway may represent an adaptive immune resistance

mechanism exerted by tumor cells in response to endogenous antitumor activity and may explain

how melanomas escape immune destruction despite endogenous antitumor immune responses.

These observations suggest that therapies that block this pathway may benefit patients with B7-

H1+ tumors.

INTRODUCTION

Melanoma is considered an immunogenic neoplasm, and tumor-specific T cells can often be

isolated from both peripheral blood and melanoma lesions. These T cells recognize tumor-

associated or tumor-specific antigens (1). However, most melanomas will progress if left

untreated, and spontaneous regression is rare (2), which suggests that endogenous immunity

fails to control tumor growth. Local factors within the tumor microenvironment, such as

secreted inhibitory cytokines (for example, transforming growth factor–β), regulatory T

cells and myeloid-derived suppressor cells, and cell membrane–bound immunomodulatory

proteins, have been proposed to contribute to creating a suppressive milieu that protects

tumor cells from immune destruction. Indeed, the co-inhibitory molecule B7-H1 (also called

PD-L1), which is often up-regulated on tumor cells, impairs T cell responses—leading to

anergy, exhaustion, or apoptosis upon engagement with its cognate co-inhibitory receptor

PD-1, which is often highly expressed on tumor-infiltrating lymphocytes (TILs) (3–8).

Current clinical efforts in immunotherapy are directed toward overcoming systemic and

local immunoregulation, which is thought to have thwarted cancer vaccines, adoptive

cellular therapies, and other anti-tumor immunotherapies in the past (9). Ipilimumab, a

blocking monoclonal antibody (mAb) directed against the co-inhibitory T cell receptor

CTLA-4 (cytotoxic T lymphocyte–associated antigen 4), systemically activates T cells,

which led to enhancement of antitumor T cell responses and demonstrated a survival benefit

in patients with advanced metastatic melanoma in randomized trials (10, 11). However,

serious immune-related adverse events have been experienced by 15 to 30% of patients

receiving this therapy (12–14).

The modest therapeutic window for anti–CTLA-4 therapy is due in part to the complete lack

of tumor-specific expression of its cognate ligands, B7.1 and B7.2. In contrast, the ligand-

receptor interactions of the B7-H1/PD-1 axis occur more selectively within the tumor

microenvironment. The B7 Homolog One (B7-H1, also called PD-L1) protein is not

detectable in most normal tissues (5, 15–17); however, its expression can be induced to a

high level in various cell types by pro-inflammatory cytokines, particularly interferon-γ
(IFN-γ) (5, 18), and B7-H1 is highly expressed on many human tumors, including

melanoma (3). In addition to the immunosuppressive effects of B7-H1 binding to PD-1 on

activated T and B cells, it also mediates suppressive functions via interactions with CD80 on

activated T cells (19). Whereas CTLA-4−/− mice die at a young age from uncontrolled

lympho-proliferation, B7-H1−/− mice demonstrate only a mild lymphocyte accumulation in

vital organs with no signs of autoimmune disease (20, 21). PD-1−/− mice develop late-onset

organ-specific autoimmunity, which is strain-dependent (22). Therefore, blockade of the B7-

H1/PD-1 axis may be a more tumor microenvironment–specific and less toxic approach to

reversing tumor-induced immune tolerance in the clinic than CTLA-4 blockade.
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B7-H1 expression has been observed in various solid malignancies, including melanoma,

squamous cell carcinoma of the head and neck, and carcinomas of the esophagus, ovary,

gastrointestinal tract, breast, lung, and kidney (3, 23). In some tumor types, such as renal

cell, esophageal, gastric, and pancreatic carcinomas, cell surface expression (also referred to

as “membranous” expression) by more than 5 to 10% of primary tumor cells has been

reported to be an independent predictor of adverse patient outcomes (24–26). Additionally,

expression of B7-H1 by TILs has been reported to correlate with decreased patient survival

(27, 28), suggesting that B7-H1 expression in the tumor microenvironment may exert an

immunosuppressive function. Moreover, early clinical trials of a fully human mAb against

PD-1 have demonstrated clinical activity in patients with advanced melanoma and other

cancers, associated with generally manageable side effects (29).

Here, we used immunohistochemistry (IHC) with a specific mAb to human B7-H1 to

examine patterns of membranous B7-H1 expression by both melanocytes/melanoma cells

and TILs in 150 melanocytic lesions of various malignant potentials, including nevi,

melanomas in situ, primary melanomas of various histologic subtypes, and regional and

distant metastases. A significant correlation was observed between the presence of TILs and

B7-H1 expression in the tumor microenvironment, which was associated with local

production of the inflammatory cytokine IFN-γ. These data support an adaptive mechanism

rather than constitutive oncogene-driven expression of B7-H1.

RESULTS

Patient demographics and follow-up

Patient demographic information is provided in Table 1. Tissue samples were obtained from

150 patients (74 women and 76 men) treated at Johns Hopkins Hospital over 20 years.

Patients had a median age of 53 years (range, 7 to 94 years). Neither patient gender nor the

pathologic subtype of the melanocytic lesion was significantly associated with the degree of

melanocyte B7-H1 expression. At the time of last follow-up, 54 of 110 patients with

melanoma in situ, invasive primary melanoma, or metastatic melanoma were alive. Median

follow-up for the patients who were alive was 100 months (range, 24 to 319 months). Of the

56 melanoma patients who expired, the median time to death was 18 months (range, 1 to

220 months).

Patterns of B7-H1 expression in melanocytic lesions

Membranous B7-H1 expression by melanocytes within the tumors (including benign

melanocytes and malignant melanoma cells) demonstrated three major patterns on IHC, as

shown in Fig. 1: the absence of B7-H1 (Fig. 1A); regional expression of B7-H1 on

melanocytes, highly colocalized with TILs (Fig. 1, B and C, and fig. S1, B and C); and B7-

H1 expression in the presence of rare or no TILs (Fig. 1D and fig. S1D). B7-H1 expression

at the interface with TILs was by far the predominant pattern and often occurred in discrete

geographic foci (Fig. 2, A and B). Among 150 melanocytic lesions spanning the spectrum of

benign nevi to metastatic melanoma, 57 (38%) were B7-H1+. Of these, only a single case of

metastatic melanoma demonstrated broad B7-H1 expression unassociated with TILs.

Additionally, only one case of primary melanoma and two metastases demonstrated mixed

patterns, including distinct regions of B7-H1+ tumor cells either associated or not with TILs.

Membranous B7-H1 expression was also observed in the TILs and associated macrophages/

histiocytes in the host response to tumor (Fig. 1C and fig. S2). In some cases,

lymphohistiocytic aggregates unassociated with melanocytes also expressed B7-H1. For

example, 3 of the 10 common melanocytic nevi examined showed lymphohistiocytic

aggregates within the biopsy specimen (most often located perivascularly and not infiltrating
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among melanocytes), with some degree of B7-H1 positivity in the macrophages and in

occasional lymphocytes.

Quantification of B7-H1 expression by melanocytes and the associated host inflammatory
response

Formalin-fixed, paraffin-embedded (FFPE) tissue sections from each case studied were

evaluated for B7-H1 expression. Among 150 melanocytic lesions, 93 were negative for

membranous B7-H1 expression (defined as <5% B7-H1+ cells) (Fig. 3A). A 5% expression

threshold was chosen to define B7-H1 positivity, in keeping with previous studies (26, 30).

Thirty-eight percent (57 of 150) of the study specimens were above this threshold, including

35% (14 of 40) of nevi and 39% (43 of 110) of malignant lesions (Table 1). Thus, B7-H1

expression on melanocytic cells did not correlate with benign compared with malignant

lesions.

A similar analysis was conducted for expression of B7-H1 in infiltrating host inflammatory

cells (TILs and associated macrophages/histiocytes), as expressed by the adjusted

inflammation score (AIS; density of inflammation multiplied by the percent B7-H1

expression by infiltrating host inflammatory cells) (Fig. 3B). Only true intratumoral immune

infiltrates, and not perivascular inflammation, were recorded in the AIS. A threshold AIS of

5 was chosen to parallel the threshold designated for melanocytes. Seventy-seven of 150

specimens (51%) exhibited an AIS of <5, reflecting either absent/scant infiltrating immune

cells or absent/scant B7-H1 expression on infiltrating cells. Seventy-three of 150 (49%)

samples, including nevi, demonstrated an AIS of ≥5, and 51% (56 of 110) of malignant

lesions were above this threshold. Therefore, similar to findings with B7-H1 expression by

melanocytes, the AIS did not correlate with the malignant potential of the lesion.

Association of B7-H1 expression by melanocytes with immune infiltrates

To explore a potential association between B7-H1 expression by melanocytes and the

geographic proximity of infiltrating immune cells (Figs. 1, B and C, and 2 and figs. S1 and

S2), we compared the degree of B7-H1 cell surface (membranous) expression based on IHC

(negative, defined as <5% positive tumor cells; positive, ≥5%) to the intensity of associated

infiltrates (Table 2). TILs and associated macrophages/histiocytes were scored as mild

(rare), moderate (focal), or severe (diffuse), based on hematoxylin and eosin (H&E)

staining. We found that 35% (14 of 40) of benign nevi (2 inflamed Spitz nevi, 2 severely

dysplastic nevi, and 10 halo nevi) expressed B7-H1 (mean melanocyte expression in positive

samples, 30%; range, 10 to 70%). Notably, 100% (14 of 14) of the B7-H1+ cases were

associated with at least mild TILs compared to only 15% (4 of 26) of B7-H1− cases (P <

0.0001).

Similarly, 35% (19 of 54) of malignant primary lesions (in situ and invasive melanomas)

were B7-H1+ (mean melanocyte expression, 14%; range, 5 to 50%), and 100% (19 of 19) of

the positive cases were associated with at least mild TILs compared to 43% (15 of 35) of

B7-H1− cases (P < 0.0001). Among metastatic melanoma lesions, 43% (24 of 56) were B7-

H1+ (mean melanoma cell expression in positive samples, 15%; range, 5 to 60%), and 96%

of those samples (23 of 24) were associated with at least mild TILs compared to 22% (7 of

32) of B7-H1− cases (P < 0.0001). In total, we found that 98% (56 of 57) of B7-H1+ cases

were associated with at least mild TILs compared to 28% (26 of 93) of B7-H1− cases (P <

0.0001).

When all 150 specimens were analyzed, B7-H1 expression of ≥5% was significantly

associated with the presence of inflammatory infiltrates (P < 0.0001, Fisher’s exact test)

(Table 2). This association was confirmed in subset analyses for nevi, primary in situ and
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invasive melanoma, and metastatic disease. The degree of the inflammatory infiltrate (mild,

moderate, severe) did not vary by melanoma stage (in situ, invasive, or metastatic) (P =

0.60, Fisher’s exact test) but was significantly correlated with the amount of B7-H1

expression by tumor (Spearman’s rho = 0.71, P < 0.001). These data demonstrate a strong

association between B7-H1 expression and immune cell infiltration in both nevi and

malignant melanoma.

We also assessed whether immune infiltrates associated with melanocytes expressed B7-H1,

as indicated by the AIS. By univariate analysis, the AIS was highly associated with B7-H1

expression by all types of melanocytic lesion studied (P < 0.001). When analyzed by

subtype of malignant lesion, this association was statistically significant for invasive

primary melanomas (P < 0.001) and metastatic melanomas (P < 0.001) and had borderline

significance for in situ disease (P = 0.08). Therefore, when a melanocytic lesion is

associated with a host immune response, both components are likely to express B7-H1.

IFN-γ detected at the interface of TILs and B7-H1+ tumor cells by laser capture
microdissection and quantitative reverse transcription–polymerase chain reaction

The high correlation between TIL infiltration and B7-H1 expression by melanocytes among

150 lesions of various malignant potentials, and geographically within individual tumors,

suggested that, as with inflamed tissues, B7-H1 expression was induced by inflammatory

cytokines such as IFN-γ. To investigate the presence of IFN-γ–producing immune cells that

could potentially drive B7-H1 expression in melanomas, we performed quantitative reverse

transcription–polymerase chain reaction (qRT-PCR) for the leukocyte common antigen

CD45 (protein tyrosine phosphatase receptor type C) and IFN-γ in laser capture

microdissection (LCM)–dissected specimens from both B7-H1− and B7-H1+ tumors at the

interface with TILs (Table 3). Fresh peripheral blood mononuclear cells (PBMCs) and

activated T cells, and cultured melanoma cells, were used as positive and negative controls

for IFN-γ and CD45 expression, respectively. Although CD45 mRNA was detected by

qRT-PCR in all five B7-H1− specimens examined, indicating the presence of

hematopoietically derived cells, IFN-γ was not detected in these specimens. In contrast,

both CD45 and IFN-γ were detected in all five B7-H1+ tumors. These results strongly

support the notion that functional production by TIL of IFN-γ, a cytokine shown to rapidly

induce B7-H1 expression by melanoma cells (fig. S3), is an important inducer of B7-H1 in

melanomas in vivo.

Association of B7-H1 expression by melanocytes and host infiltrating cells, with
melanoma subtypes, Breslow thickness, pT stage, and TNM stage

To gain further insights into the clinical biology of B7-H1 expression in melanoma, we

examined the relationship between B7-H1 expression patterns and tumor subtype and stage.

Forty-five percent (13 of 29) of superficial spreading and nodular melanomas were B7-H1+

(mean melanocyte expression, 16%), whereas other subtypes, including lentigo maligna

melanoma (n = 3), acral lentiginous melanoma (n = 7), and desmoplastic melanoma (n = 4),

were B7-H1−, suggesting an association of B7-H1 expression with histologic subtype (P =

0.033, Fisher’s exact test).

When the Breslow thickness of primary invasive melanomas was examined, there was no

correlation with B7-H1 expression by univariate analysis (P = 0.23, Wilcoxon rank-sum

test). In addition, for 54 in situ or invasive primary melanoma lesions examined, B7-H1

expression did not vary by pathologic primary tumor stage (T1 to T4) or the highest

clinicopathologic TNM stage of the patient during a median 8-year follow-up (P = 0.43 and

0.33, respectively, Fisher’s exact test, one-sided) (table S1), indicating that B7-H1

expression is not linked to melanoma stage. Furthermore, the AIS for primary tumors did
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not associate with Breslow thickness (P = 0.30), pathologic tumor stage, or clinicopathologic

TNM stage (P = 0.64 and 0.66, respectively). When B7-H1 expression in metastases was

analyzed by anatomic location, there was no association between expression and location in

lymph nodes, subcutaneous tissue, lung, or other visceral sites (P = 0.516, Fisher’s exact

test, one-sided).

Association of B7-H1 expression in melanomas with overall patient survival

If indeed B7-H1 expression marked the existence of an active antitumor response, it might

be predicted that, even though this resistance mechanism ultimately allowed tumors to

persist, tumor growth might be partially restrained, leading to improved survival relative to

patients with little antitumor response (and hence no B7-H1 expression). We therefore

performed a survival analysis for the 99 patients with primary invasive or metastatic

melanoma included in our study. As described above, the clinicopathologic factors such as

Breslow depth, pathologic T stage, and TNM stage were not associated with B7-H1

expression by univariate analysis; thus, a multivariate analysis was not indicated. Among 43

patients who had primary invasive melanoma, those whose melanoma cells expressed B7-

H1 showed no significant difference in overall survival when compared to those with B7-

H1− lesions (P = 0.33, Fig. 4A). In contrast, there was a significant difference in survival for

56 patients with metastatic melanoma, where B7-H1 expression by tumor cells (≥5%)

correlated with improved survival (P = 0.032, Fig. 4B).

Because of the association between B7-H1 expression and inflammatory infiltrates, we

examined the relationship of the AIS to melanoma patient survival. By univariate analysis,

patients with primary melanomas with an AIS of ≥5 demonstrated no significant difference

in survival when compared to those with a score of <5 (P = 0.25, Fig. 4C). However,

significantly improved overall survival was noted for patients whose metastases were

associated with an AIS of ≥5 (P = 0.014, Fig. 4D). When the impact of TILs alone on

overall survival was determined, a similar result was obtained. Patients with primary

melanomas demonstrated no difference in survival as related to the presence or absence of

immune infiltrates (P = 0.32, Fig. 4E), whereas improved survival was seen in patients with

metastatic disease who had TILs present (P = 0.017, Fig. 4F). The close parallels among the

influence of TILs, the AIS, and tumor cell B7-H1 expression on survival are consistent with

the hypothesis that these factors are interrelated and may influence patient outcomes.

The correlation of B7-H1+ tumor cells and AIS scores of ≥5 with improved survival for

patients with metastatic, but not localized, melanoma may reflect the subsequent therapies

received by these patients. Among the 56 patients with metastatic melanoma (stage III or

IV) in this study, treatment records were available for 53. Forty-three percent of these

patients (23 of 53) received some form of systemic immunotherapy [IFN-α, high-dose

interleukin-2 (IL-2), vaccine, anti–PD-1 mAb, or combinations thereof] after their diagnostic

biopsy demonstrating metastatic disease. Among those patients whose tumors were B7-H1−,

8 of 22 (36%) received immunotherapy compared to 15 of 31 (48%) with B7-H1+ tumors.

These differences were not significant (P = 0.415), suggesting that patients with “inflamed”

tumors expressing B7-H1 might be more likely to respond to immunotherapy.

The potential impact of high-aggregate B7-H1 expression on overall survival was examined

in 99 patients with invasive or metastatic melanoma lesions. There was no difference in

survival for patients whose tumors demonstrated >20% B7-H1 expression on melanoma

cells and/or an AIS of >50 compared to those with lower-aggregate B7-H1 expression (P =

0.58). Together, these findings validate our selection of expression thresholds by tumor cells

and infiltrating immune cells, and indicate that even focal B7-H1 expression in the

immediate environment of metastatic melanoma is associated with improved survival.
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DISCUSSION

Our study reveals a highly significant concordance of membranous expression of B7-H1 by

nevus and melanoma cells with the presence of immune infiltrates and provides direct

evidence of geographic colocalization. Furthermore, expression of the inflammatory

cytokine IFN-γ, known to be a primary cytokine driving B7-H1 expression, was detected

specifically at the interface of B7-H1+ tumor cells and infiltrating immune cells, but not in

B7-H1− tumors. These findings suggest that infiltrating immune cells can produce factors

driving B7-H1 expression as a negative feedback mechanism, resulting in what may be

considered adaptive immune resistance exerted by the tumor. This mechanism is distinct

from the conventional view of immune resistance by either immune escape via mutation of

tumor-specific epitopes (31, 32) or constitutive oncogene-driven up-regulation of immune-

inhibitory ligands (33). IFN-γ is secreted by human melanoma–specific T lymphocytes, and

this cytokine rapidly induces B7-H1 in cultured melanomas. Although our studies associate

IFN-γ production with B7-H1+ melanomas in vivo, other secreted factors in the tumor

microenvironment such as IL-10, IL-6, and common γ-chain cytokines may also be

involved (34, 35). These findings help to explain why immunogenic melanoma fails to be

controlled by the immune system, even when boosted by antigen-based cancer vaccines, and

implicate a new immune escape mechanism in the cancer microenvironment.

The up-regulation of B7-H1 in the cancer microenvironment should not be interpreted

simply as the dominance of immune suppression because this up-regulation is also

associated with endogenous inflammatory immune responses. The balance of the host’s

immune response and negative feedback inhibition will therefore determine outcome. We

did not detect a significant correlation between overall survival and B7-H1 expression in

patients with primary invasive melanomas. In contrast, we documented a significantly

improved overall survival in patients with B7-H1+ metastatic lesions. With the exception of

one published report in cervical cancer (36), this finding is different from a number of

reports from other tumor types that have claimed B7-H1 expression as a negative overall

prognostic factor (24–26).

This seemingly paradoxical observation, in which expression of an immunosuppressive

molecule correlates with improved outcomes, may be resolved if B7-H1 expression is

viewed as reflecting the presence of endogenous antitumor immunity (infiltrating

lymphocytes producing cytokines in response to tumor-specific or tumor-selective antigens)

among melanoma patients who are candidates for immunotherapy. Indeed, 43% of the

patients with metastatic disease in our study received some form of immunotherapy after

diagnostic tumor biopsy, including IFN-α, high-dose IL-2, vaccine, PD-1 blockade, or

combinations thereof. A growing literature suggests the positive correlation of an inflamed

tumor microenvironment with response to immunotherapies such as cancer vaccines or

ipilimumab (37, 38), and our findings further suggest that these immunotherapies should be

interpreted as protection or potentiation of ongoing immunity rather than the generation of

de novo immunity against cancer. Note that medical center–specific treatment practices may

be critical to these observations. Indeed, about one-third of patients with metastatic

melanoma show evidence of objective tumor regressions in response to anti–PD-1 therapy

(39). Ongoing studies in our laboratories are investigating whether tumor regressions in this

series of patients correlate with tumor cell B7-H1 expression and the presence and type of

TILs.

Although intratumoral lymphocytes are a common feature in many different types of cancer,

the prognostic significance of this finding varies by tumor type. For example, TILs are

associated with a better prognosis in patients with colorectal, ovarian, pancreatic,

esophageal, and small-cell lung carcinoma (40–44), but are an adverse prognostic feature in
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patients with renal cell carcinoma (45). Notably, in colon cancer, the type, density, and

location of immune infiltrates have been shown to be a better predictor of survival than

TNM classification (46). In melanoma, TILs may be seen in all stages of disease, but are not

prognostically significant in early stages, that is, in in situ or radial growth phase

melanomas; they do reach significance in vertical growth phase melanomas and those that

have metastasized (47, 48). Our findings provide an interpretation for these seemingly

contradictory observations. Although the presence of TILs may indicate immunogenicity of

tumors and ongoing immune responses, clinical outcomes may depend on B7-H1 expression

in addition to other factors such as composition of infiltration, persistence of inflammation,

and the treatment received.

We observed only rare cases showing diffuse tumor cell B7-H1 expression, unrelated or out

of proportion to TILs. These may represent melanomas that have developed intrinsic

pathways driving B7-H1 gene expression. PTEN (phosphatase and tensin homolog deleted

from chromosome 10) deficiency has been shown to support posttranscriptional B7-H1

expression in gliomas (34), but factors driving constitutive expression in melanoma have not

been defined. Distinct histologic subtypes of melanoma are associated with characteristic

tumorigenic signaling pathways: for example, superficial spreading and nodular melanomas

are more likely to have activating BRAF mutations than acral lentiginous melanomas, which

are often associated with c-Kit mutations. In our study, 45% of superficial spreading and

nodular melanomas expressed B7-H1, whereas other subtypes including acral lentiginous

melanoma, lentigo maligna melanoma, and desmoplastic melanoma did not, suggesting the

presence of distinct signaling pathways. Studies focused on the transcriptional regulation of

B7-H1 expression in nodular and superficial spreading melanomas and metastatic lesions, as

well as studies of cytokine expression profiles in microdissected boundary areas between

tumor cells and TILs, are currently under way in our laboratories to explore these issues.

Notably, the correlation between IFN-γ and B7-H1 expression was 100% among the

microdissected samples tested. However, roughly one-third of lesions with observable TIL

(on IHC and/or H&E staining) did not express B7-H1, suggesting that a T helper 1 (TH1)

pattern of cytokine expression characterized by IFN-γ may be needed to induce B7-H1

expression.

The clinical significance of B7-H1 expression in melanoma has not yet been firmly

established. Two reports have been published to date, with conflicting results (49, 50),

perhaps because of different histologic subtypes studied or methodologies used. Gadiot et al.

used the polyclonal antibody 4059 for IHC detection, scored a 1% threshold of expression

by melanocytes as a positive result, and did not distinguish membranous and cytoplasmic

patterns of cellular expression. In that study, most patients had superficial spreading or

nodular-type melanomas, and B7-H1 expression by melanocytes was associated with a trend

toward better survival. In contrast, Hino et al. used mAb clone 27A2 for IHC and compared

“high” to “low” cytoplasmic expression based on automated color density measurements.

Most patients had the acral lentiginous subtype of melanoma, which is associated with c-Kit

mutations, rather than with BRAF mutations, which predominate in cohorts of European

descent (51, 52). Hino et al. reported high-intensity B7-H1 expression as an independent risk

factor for decreased survival. Both studies had about a 4- to 5-year median follow-up time.

Neither reported the geographic association of B7-H1 expression with TILs or B7-H1

expression by other cells in the tumor microenvironment.

Both cytoplasmic and membranous B7-H1 staining have been reported in multiple tumor

types; however, B7-H1 is a type I transmembrane molecule (6). Cytoplasmic staining may

represent intracellular stores of B7-H1, which may be deployed to the cell surface depending

on appropriate stimulation. Our previous study describing B7-H1 expression in various

human cancers included a small sample size of melanomas (n = 22), among which all were
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deemed at least focally positive in frozen sections (5); however, the previous study assessed

both cytoplasmic and membranous positivity, whereas the current study assesses only

membranous expression. We hypothesize that cell surface expression of B7-H1 is the most

immediately biologically relevant as a potential biomarker predicting clinical response to

PD-1 blockade (29).

These findings highlight a therapeutic opportunity in administering agents blocking the

PD-1/B7-H1 pathway to patients with metastatic melanoma. B7-H1 is a critical

immunomodulating component within the melanoma microenvironment. Expression of B7-

H1 on tumor cells at the interface with immune infiltrates, in comparison to constitutive

tumor expression in areas devoid of infiltrates, may represent distinct underlying immune

resistance mechanisms and warrant further study on the molecular level. A deeper

understanding of mechanisms driving the observed expression patterns is essential for

developing rational treatment combinations with mAbs blocking PD-1 or B7-H1, which are

already in clinical trials, and other potentially synergistic therapeutic agents.

MATERIALS AND METHODS

Case selection

After Johns Hopkins Institutional Review Board approval, 150 melanocytic lesions of

various histologic subtypes and stages were identified from 150 individual patients through

a search of the Johns Hopkins Hospital surgical pathology archives. Nevi of various

histologic subtypes (n = 40, including 10 common, 2 blue, 13 halo, 8 Spitz, and 7 dysplastic

nevi), melanomas in situ (n = 11), invasive melanomas of different histologic subtypes (n =

43, including 14 superficial spreading, 15 nodular, 3 lentigo maligna, 4 desmoplastic, and 7

acral lentiginous melanomas), and metastases to various sites (n = 56, including 34 lymph

node, 8 cutaneous/soft tissue, 6 lung, and 8 other visceral sites) were evaluated.

Clinical and pathologic features

The original histologic diagnosis was confirmed on archival H&E-stained slides, and

pathologic features such as histologic subtype, Breslow thickness, and pathologic T stage

were collected. The pathologic T stage is based on microstaging of the primary tumor and

includes the parameters of Breslow thickness, ulceration, and mitotic activity. A single

representative paraffin block for each case was chosen. Where necessary, cases were

restaged to current American Joint Committee on Cancer criteria (53). The highest TNM

stage and overall survival data were obtained for each patient. For patients with metastatic

disease, information on treatment regimens was gathered. The duration of follow-up was

calculated from the date of the diagnostic procedure to the date of cancer progression, last

follow-up, or death.

Immunohistochemistry

For the purpose of this retrospective study, archival FFPE specimens were cut into 5-µm

sections and mounted on glass slides. IHC for B7-H1 was performed with a murine anti-

human B7-H1 mAb [clone 5H1, isotype mouse IgG1 (immunoglobulin G1)] (5) at a

concentration of 2 µg/ml according to a standard protocol. See the Supplementary Materials

and fig. S4 for additional details. IHC for B7-H1 was also performed on select slides with a

rabbit polyclonal antibody to B7-H1 designated 4059 (ProSci) as previously described (50).

Additional details about 4059 are provided in figs. S5 and S6. IHC for select cell lineage

markers including CD3, S100, and CD68 for T cells, melanocytes, and macrophages,

respectively, was performed on adjacent 5-µm sections according to standard automated

protocols.
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Quantification of B7-H1 expression by melanocytes/melanoma cells and the associated
host inflammatory response

Percentages of tumor cells exhibiting a membranous staining pattern for B7-H1 were

independently quantified as <5%, 5 to 9%, and then in 10% increments up to 100% by two

pathologists (J.M.T. and R.A.A.) who were blinded to patient outcomes. Differences in

scoring were adjudicated. The host response to tumor, composed predominantly of

lymphocytes with scattered histiocytes (tissue macrophages, dendritic cells, and Langerhans

cells), referred to collectively as “immune cell infiltrates,” was also scored for percent B7-

H1 membranous expression. The intensity of the infiltrate was graded as none (0), mild

(score of 1, rare lymphocytes), moderate (2, focal infiltration of tumor by lymphohistiocytic

aggregates), or severe (3, diffuse infiltration). An AIS was defined as the intensity of

intratumoral inflammation multiplied by the percent of inflammatory cells expressing B7-

H1 (27). B7-H1 expression by inflammatory cells that were not immediately associated with

melanocytic cells in a given tumor section was not included in calculating the AIS. Percent

B7-H1 expression by tumor cells and the AIS, reflecting B7-H1 in the inflammatory host

response, as well as the presence of TILs were correlated with overall patient survival.

LCM and qRT-PCR for IFN-γ
Specimens were cut into 7-µm sections on Arcturus PEN membrane glass slides (Applied

Biosystems). LCM was performed with a Leica LMD6000 Laser Capture Microdissection

microscope. In melanoma biopsies that were B7-H1−, central areas containing nonnecrotic

tumor cells were captured. In tumors that were B7-H1+, tumor cells were excised along with

associated infiltrating immune cells (fig. S7). RT-PCR was performed with primer/probe

preparations for either human IFN-γ or CD45, according to standard protocols. Triplicate

CT averages and SEs of the mean are reported. See the Supplementary Materials for

additional details.

Western blotting

537-mel was cultured in the presence or absence of IFN-γ (500 IU/ml) for 3 days. Lysates

of whole cells as well as fractions of cytosolic/nuclear proteins and membrane proteins were

prepared with M-PER and MEM-PER Reagent, respectively (Pierce). Cell lysates (10 µg of

total protein per lane) were separated by 10% bis-tris SDS-PAGE (polyacrylamide gel

electrophoresis) under reducing conditions (Invitrogen). Human IgG1 (Sigma) and

recombinant B7 Fc chimeric proteins (B7.1, B7.2, B7-H1, and B7-DC from R&D Systems

Inc.) were loaded at 300 ng per lane and resolved by 4 to 12% bis-tris SDS-PAGE under

reducing conditions. Proteins were transferred to a polyvinylidene difluoride membrane,

which was blocked for 1 hour with 5% milk in tris-buffered saline–Tween 20. Membranes

were incubated with either rabbit anti-human B7-H1 polyclonal antibody (ProSci 4059) or

mouse anti-human B7-H1 mAb (clone 5H1) (0.5 µg/ml) at 4°C overnight. The secondary

antibody was either anti-rabbit IgG-HRP (horseradish peroxidase) (1:10,000 dilution) or

anti-mouse IgG-HRP (1:5000), respectively. Proteins were detected by the ECL Plus

Chemiluminescent Detection kit (GE Healthcare).

Statistical analysis

Overall survival was calculated from the date of the diagnostic biopsy to the date of last

follow-up or death with the Kaplan-Meier method and analyzed with the log-rank test.

Associations of B7-H1 expression and clinicopathologic features were evaluated with

Fisher’s exact test, Student’s t tests, and χ2 tests. Statistical analyses were performed with

the STATA V11 software package. All tests were two-sided except as indicated, and P

values of <0.05 were considered significant.

Taube et al. Page 10

Sci Transl Med. Author manuscript; available in PMC 2013 February 10.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Patterns of B7-H1 expression observed in melanocytic lesions stained with the anti–B7-H1

mAb 5H1. (A) No B7-H1 expression (brown chromogen) by melanocytes in a benign nevus.

Original magnification, ×200 (scale bar, 50 µm). Note the paucity of TILs in this case. (B)

B7-H1 expression by both melanocytes and TILs at the advancing edge of an invasive

primary melanoma, nodular histologic subtype. Original magnification, ×40 (scale bar, 200

µm). (C) Original magnification of the boxed area shown in (B), ×400 (scale bar, 20 µm).

Overall, 10% of total melanoma cells in this specimen expressed B7-H1 (scoring was

performed as described in Materials and Methods). The inflammatory host response to

tumor was graded as “moderate” in this case and included B7-H1+ TILs. (D) Diffuse B7-H1

expression by melanocytes in a subcutaneous melanoma metastasis to the scalp, associated

with singular TILs. Original magnification, ×200 (scale bar, 50 µm). Representative

photomicrographs of CD3 staining for TILs corresponding to each of these examples are

shown in fig. S1. The interface pattern with B7-H1 expression by both melanocytes and

TILs at the advancing edge pre-dominated in this study.
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Fig. 2.

Geographic association of B7-H1 expression and TILs. (A) Primary nodular melanoma with

associated “severe” grade of lymphocytic infiltration, highlighted by CD8 immunostaining.

The dark line demarcates the area of colocalizing T cells and B7-H1+ tumor cells. Overall,

30% of the tumor cells demonstrated cell surface B7-H1 expression. Note that the melanoma

cell cytoplasm is heavily pigmented due to abundant melanin (see isotype control). Original

magnifications, ×200 for left and middle column panels (scale bars, 50 µm) and ×400 for

right column panels (scale bars, 25 µm). (B) Metastatic deposit of melanoma in a lymph

node, associated with “mild” grade of lymphocyte infiltration shown by CD3
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immunostaining. Original magnifications, ×100 for left column panels (scale bars, 100 µm),

×200 for middle column panels (scale bars, 50 µm), and ×400 for right column panels (scale

bars, 25 µm). Arrows highlight the geographic area of concordance of CD3+ TILs with B7-

H1 expression by melanoma, and also point to the area shown at higher magnification in the

right-hand panels. Five percent of tumor cells demonstrated B7-H1 expression in this case.
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Fig. 3.

Distribution of intensity of B7-H1 expression by melanocytic cells and immune infiltrates in

150 lesions. (A) Percent B7-H1 expression by melanocytes ≥5% was considered positive.

(B) AIS, defined as the intensity of intratumoral inflammation including TILs and

histiocytes (graded 0 to 3, see text) multiplied by the percent B7-H1+ inflammatory cells.
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Fig. 4.

Correlation of overall patient survival with B7-H1 expression in melanomas. (A) There was

no significant difference in survival related to melanoma cell B7-H1 expression in 43

patients with primary invasive melanomas (P = 0.33). (B) However, among 56 patients with

metastatic disease, those whose metastatic tumors expressed B7-H1 had significantly

improved survival compared to the B7-H1− cohort (P = 0.032). Similar results were seen in

analyzing the AIS, representing B7-H1 expression in lymphohistiocytic tumor infiltrates, as

well as in analyzing the presence of TILs (mild, moderate, and severe lymphocyte infiltrates

with associated histiocytes/macrophages). (C and E) No correlation of AIS or TILs was

observed with survival in patients with invasive primary melanomas [P = 0.25 (C) and 0.32

(E)]. (D and F) However, there was a significant correlation in patients with metastatic

disease [P = 0.014 (D) and 0.017 (F)]. B7-H1+, ≥5% of tumor cells with membranous

expression; B7-H1−, <5% membranous tumor cell expression.
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Table 1

Correlation of B7-H1 expression by melanocytes with clinicopathologic features in 150 patients.

Number of patients

P*

Total
B7-H1+

(≥5%)
B7-H1−

(<5%)

All patients 150 57 93

Gender

Male 76 28 48

Female 74 29 45 0.867

Lesion type

Nevus 40 14 26

Melanoma in situ 11 6 5

Invasive primary melanoma 43 13 30

Metastasis 56 24 32 0.378

*
χ2 Analysis.

Sci Transl Med. Author manuscript; available in PMC 2013 February 10.
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