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Abstract
The aim of the present study was to analyze whether leukocyte subsets in peripheral blood and tumour biopsies obtained
before treatment were able to predict response or survival in patients with metastatic melanoma following Interleukin-2 (IL-
2) based immunotherapy. Flow cytometry was performed on peripheral blood for CD4�/ T cells, CD8�/ T cells and
CD56�/ natural killer (NK) cells. Immunohistochemical analyses were used to identify CD4�/ T cells, CD8�/ T cells,
CD57�/ NK cells and CD64�/ (macrophages) cells in tumour biopsies. High numbers of tumour-associated CD64�/

macrophages in tumour biopsies were statistically significantly associated with poor response to treatment. Our data suggest
that tumour-associated macrophages may correlate negatively with response, which may be of biological importance for IL-
2 based immunotherapy of malignant melanoma.

Interleukin-2 (IL-2) has been used in the treatment

of metastatic melanoma either alone or combined

with interferon-a (IFN) or selected chemothe-

rapeutics, and long-term survival has been shown

in a minor fraction of patients [1]. Thus, it is of

obvious importance to select those patients who

most likely may benefit from treatment or those

patients, who are unlikely to benefit. As IL-2 has

no direct effect on cancer cells, it is believed

that tumour regression is mediated by a modulation

of immune effector cells and secondary cytokines

released by these immune cells [2]. Various

immunomodulatory effects of IL-2 in patients

with metastatic melanoma have been demonstrated

[3�5], among which are increased numbers of

lymphocyte subsets in peripheral blood, including

T cells, NK cells and monocytes. However, the

present knowledge about immunological parameters

that can predict objective response and survival is

scarce.

The aim of the present study was to study

leukocyte subsets in peripheral blood and tumour

biopsies before IL-2 based immunotherapy in pa-

tients with metastatic melanoma and to correlate

these findings to response and survival.

Materials and methods

Patients and samples

The patients included in the current study were

treated in the period from February 1997 to March

2001 at the Department of Oncology, Aarhus Uni-

versity Hospital. The patients participated in two

multi-center phase 2 protocols for metastatic mela-

noma. The inclusion criteria were identical in the

two protocols and included biopsy verified stage IV

disease, a WHO performance status of 2 or better

and absence of brain metastases. Only patients

treated in Aarhus and patients with superficial

metastases were eligible for inclusion in this tumour

biopsy and blood sample study. Tumour biopsies

from superficial metastases and blood samples were

obtained within a few days prior to treatment. The

ethics committee accepted the present project, and

written informed consent was obtained from each
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patient (project # 1997/3900). The treatment sche-

dules have been described in detail elsewhere [6,7].

Briefly 15 patients were treated with subcutaneous

IL-2, IFN and cisplatinum [6], and 12 patients were

treated with subcutaneous IL-2, IFN9/histamine

[7]. Clinical response in both protocols was evalu-

ated according to WHO criteria.

Flow cytometry

Leukocyte phenotypes were determined by flow

cytometry on peripheral blood mononuclear cells

(PBMCs) from 13 patients treated with IL-2, IFN

and cisplatinum and on whole blood samples from

10 patients treated with IL-2, IFN9/histamine.

PBMCs from heparinized whole blood were

prepared by density gradient centrifugation on

Ficoll/Hypaque. Interphases were harvested,

washed twice at low speed to remove platelets

and cryopreserved in 20% DMSO and stored at

�/1358C until use. Cell surface phenotypes were

determined by flow cytometry using either a

Coulter XL-2 flow cytometer (Coulter Electronics,

Miami FL) or a FACS-Calibur flow cytometer

(Becton Dickinson). Data were analysed using the

Flow-Jo software from Treestar (San Carlos, CA,

USA). Direct fluorochrome-conjugated antibodies

were purchased from Becton Dickinson, San Jose,

Ca, USA, Leucogate CD45/CD14 FITC/PE

catalogue number (cat) 340040, CD4 FITC,

cat 340133, CD8 FITC, cat 347313 and CD56

PE cat 347747. A total of 2�/105 PBMC were

incubated with antibody for 15 min at room

temperature in the dark, washed twice with

PBS containing 0.1% sodium azide and fixed

in 1% formaldehyde and prepared for FCM

analysis. Whole peripheral blood samples (100 ml)

were incubated with antibody for 15 min at

room temperature in the dark. Erythrocytes were

lysed after staining by addition of FACS lysing

Solution (Becton Dickinson) for 10 min at room

temperature in the dark. Cells were washed

twice with PBS containing 0.1% sodium azide

and fixed in 1% formaldehyde before analysed by

FCM. The gating was conventionally based on

CD45FITC and CD14PE labelled mononuclear

cells to separate the monocyte population from

the lymphocyte population. A total of 10 000 cells

in the lymphocyte gate were analysed for each

surface marker. Absolute numbers of lympho-

cyte subpopulations were calculated from the

complete lymphocyte blood count. Monocyte

counts were drawn from routine leukocyte differ-

ential counts.

Preparation of tumour biopsies and

immunohistochemistry

After excision, tumour biopsies were immediately

stored in Tissue Tek† (Sakura Finetek Europe B.V,

The Netherlands) and snap frozen in n-Hexane.

Vials were stored at �/708C until analysis. Cryosec-

tions (6 mm) were prepared on a Micron HM 500M

cryotome. After drying at room temperature for one

hour, the sections were frozen two by two in 50 ml

Nunc tubes at �/208C. Before staining, tubes were

thawed for 30 min at room temperature before fixed

in 100% acetone for 10 min. The staining procedure

was performed using a 3-layer technique (primary

antibody, biotin conjugated secondary antibody,

HRP-sABC) developed with DAB and counter-

stained with Mayer?s hematoxylin. Tissue sections

were incubated with the primary antibody for one

hour, washed and incubated for 45 min with biotin

conjugated secondary antibody (Biotin-rabbit-anti-

mouse IgG, Jackson 315-066-045). After washing,

HRP-sABC (DAKO, K0377) was added for 30 min.

Thereafter, the tissue sections were washed and

incubated with DAB for 5�15 min. Finally, the

samples were counterstained with Mayer?s hematox-

ylin for 5 min and mounted using Aquamount

(BDH, Kebo Lab). Isotype controls were performed

for all antibodies as well as negative controls for all

layers included. Anti-Melan-A (IgG1, M7196,

DAKO) antibody staining was applied to identify

the tumour areas. For identification of leukocyte

subsets, the following MoAbs were used: anti-CD4

(IgG1, M0716, DAKO), anti-CD8 (IgG1, DAKO,

M0707), anti-CD57 (IgM, Pharmingen, 555618)

and anti-CD64 (IgG1, Pharmingen 555525). In

tumour biopsies, CD57 was used instead of CD56

as a marker of NK cells because melanoma cells can

express CD56 [8]. As negative controls, the follow-

ing antibodies were used: IgG1 (Pharmingen,

33811A/555746), IgM (DAKO, X 0942). Titration

of the antibodies was performed on normal lymph

node and spleen tissue and optimal concentrations

used throughout the study.

Measurement of intra-tumoral immune cells

A stereological examination was performed using a

morphometric system consisting of an Olympus BH-

2 microscope with a motorized stage, controlled by a

computer for manual interactive counting on the

computer screen [9]. The software used was CAST-

GRID v 2.0, developed by Olympus, Denmark.

Each microscopic field of vision was projected onto

the computer screen with a video camera, and the

computer generated an unbiased counting frame, in

which the measurements were performed. On the

projected image of the section, the tumour area was
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encircled on basis of the Melan-A staining when

possible. In the present study, no analyses were

performed with special emphasis on infiltration in

and around necrotic areas. The field of vision was

chosen at random and the computer then system-

atically sampled fields of vision within the entire

encircled area. A minimum number of 85 fields

(85�104) were counted for each sample. Only cells

with staining restricted to the plasma membrane, a

visible nucleus and located within the counting

frame were counted as positive. The diameter of

the cells in question was used to determine the

number of positive cells per volume tumour (mm�3)

for each patient.

Statistics

Absolute cell counts in blood and biopsies were

compared using the Mann-Whitney test with the

clinical outcome dichotomised as response (com-

plete response and partial response) vs no response

(no change and progression). The Mann-Whitney U

statistic divided by the product of the number of

patients in the two groups is presented i.e. estimating

the probability that the first value is less than the

second in randomly selected pairs. All p-values are

two sided. Univariate and multivariate Cox analyses

were performed to investigate the prognostic value of

the variables in relation to survival. Hazards ratios

were calculated to estimate the magnitude and the

direction of the effect. Survival was defined as the

interval from the day of treatment start to the end

point (death or censoring). The simultaneous rela-

tionship of multiple prognostic factors for survival

was assessed with Cox’s proportional hazards model

using the enter method. Variables with a p-value less

than 0.10 were included in the Cox analyses to

identify variables of independent significance. In-

cluded were cell counts in biopsies and blood

dichotomised using the median as well as established

prognostic factors such as WHO performance status,

number of metastatic sites and serum lactate dehy-

drogenase (LDH). Because of multiple testing, the

p-values for the univariate analyses have to be

considered descriptive. All data on duration of

survival were updated as of April 1st 2005. Calcula-

tions were performed using SPSS statistical software,

v 11.5.

Results

Clinical outcome and sampling

A total of 27 patients were evaluable for response

and survival. Patient characteristics are given in

Table I. Three patients achieved complete remission

(CR), 6 patients achieved partial remission (PR), 5

patients achieved stable disease (SD), and 13

patients had progressive disease (PD). The median

survival was 8.9 months (range 1�35 months). A

total of 23 blood samples and 27 biopsies from the

included 27 patients were analysed for the present

study. There were only CD64 results from 25

patients; the remaining biopsy material after staining

for the other markers was too poor (necrosis) to

perform any further staining.

Leukocyte subsets in peripheral blood and tumour in

relation to overall response

Baseline leukocyte subsets in peripheral blood were

quantified by flow cytometry. When comparing

counts of CD4�/ (helper T cells), CD8�/ (cytotoxic

T cells), CD56�/ (NK) cells and monocytes no

significant differences were seen between responding

and non-responding patients (Table II).

The number of leukocyte subsets infiltrating the

tumour CD4�/, CD8�/, CD57�/ (NK) cells and

CD64�/ macrophages were quantified by immuno-

histochemistry. In responding patients, CD4�/ were

most numerous followed by CD8�/, CD64�/, and

CD57�/ (Table III). In contrast, biopsies from non-

responding patients were predominately infiltrated

by CD64�/cells followed by CD8�/, CD4�/ and

CD57�/ cells (Table III). A high number of infiltrat-

ing CD64 cells (Figure 1) was shown to be asso-

ciated with poor response (p�/0.007) with an

estimated probability of 84% that a random count

in the responder group was less than a random count

in the non-responder group (Table III).

Table I. Patient characteristics.

Variable n %

Number of patients 27 100%

Median age, range 49 years (31�65)

Sex

Female 11 41%

Male 16 59%

Performance status

0�1 22 81%

2 5 19%

Site of metastases

Skin/subcutaneous 24 89%

Lymph nodes 15 56%

Lung 13 48%

Liver 4 15%

Other sites 8 30%

No. of metastatic sites

1 6 22%

2 9 33%

3 9 33%

]/4 3 12%
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Leukocyte subsets in peripheral blood and tumour in

relation to overall survival

Univariate analyses for overall survival identified a

performance status of 2, a high number of metastatic

sites, and an elevated serum LDH level as prognostic

factors for poor survival. In the multivariate analysis,

a performance status of 2 (p�/0.02) and a high

number of metastatic sites (p�/0.004) were

independent prognostic factors for poor survival

(Table IV).

Discussion

Various important functions of the immune system

are modulated by IL-2, which plays a pivotal role in

the regulation of lymphocyte activation and prolif-

eration [10,11]. Interleukin-2 also increases the lytic

activity of NK cells and cytotoxic T lymphocytes

[12]. It is, thus, reasonable to assume that the

therapeutic efficacy at least in part depends on the

presence of certain immune cells in peripheral blood

and metastases before treatment is initiated. As T

lymphocytes, NK cells and macrophages have been

associated with the efficacy of IL-2 [13,14], the

presence of these subsets of cells have been analysed

in the present study.

In the present study, we have employed the anti-

CD64 antibody as a marker of tumour-associated

macrophages (TAMs), identifying the high affinity

FcgRI constitutively expressed on the surface of

monocytes/macrophages. This is in contrast to

most other studies in which detection of the in-

tracellular glycoprotein CD68 has been applied [15].

The CD68 glycoprotein is a member of a family

of acidic, highly glycosylated, lysosomal proteins

implicated in antigen processing and expressed

in macrophages, monocytes, neutrophils, baso-

phils and dendritic cells [16,17]. As CD64 seems

more restricted, primarily expressed by monocytes/

macrophages and some dendritic cells, and stain-

ing for CD64 was possible on cryosections, this

antibody was chosen for the present study. In

order to evaluate the possible staining of

neutrophils by the CD64 antibody, comparisons

to staining by CD66b, an antibody detecting a

glycosylphosphatidylinositol (GPI) linked protein

expressed on granulocytes, were performed. We

observed no CD64 positive cells that also

were CD66b positive, thus, CD64 did not stain

granulocytes.

Our study showed that the metastases were

predominately infiltrated by macrophages, followed

by T cells and NK cells. These results are in

agreement with findings by other groups [5,18].

Interestingly, our results demonstrate that a high

number of TAMs were negatively associated with

clinical response to IL-2 based immunotherapy. An

association between high numbers of TAMs and

poor prognosis have been reported in a variety of

human cancer types except melanoma [15].

Tumour-associated macrophages have various and

mutually opposite functions, depending on their

activation state and the intrinsic properties of the

tumour cells [15,19]. They have been shown to play

a key role in tumour angiogenesis, which ultimately

modulates the tumour growth and invasion [19�22].

Moreover, TAMs have been reported to produce

Table II. Leukocyte subpopulations in blood in relation to overall response.

Responders (n1�/9) Non-responders (n2�/14)

Cell counts 109/L Cell counts 109/L Mann Whitney U

Leukocyte subsets Median Range Median Range p Probability*

CD4 (helper T cells) 0.40 0.12�0.63 0.56 0.27�1.51 0.06 73%

CD8 (cytotoxic T cells) 0.41 0.27�1.11 0.48 0.26�0.76 0.73 58%

CD56 (NK cells) 0.29 0.16�0.56 0.32 0.15�0.55 0.61 60%

Monocytes 0.44 0.30�2.48 0.63 0.36�1.47 0.10 64%

Responders (PR�/CR). Non-responders (SD�/PD). *The probability is calculated as U/(n1*n2) and is an estimate of the probability that a

random count from group 1 (responders) is less than a random count from group 2 (non-responder) (50% means no difference).

Figure 1. Immunohistochemical staining of CD64�/tumor-asso-

ciated macrophages in a non-responding patient. Tumor-asso-

ciated macrophages (black arrow) and tumor cells (white arrow).
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angiogenic factors, such as vascular endothelial

growth factor (VEGF), basic fibroblast growth factor

(bFGF), tumour necrosis factor (TNF) and IL-8

[23,24]. In contrast to these pro-tumour properties,

TAMs may also be directly tumoricidal and stimu-

late the anti-tumour properties of T cells [15,19].

Our findings that the level of macrophage infiltra-

tion was significantly associated with progression

may indicate that the macrophage population has

tumour promoting and/or immune suppressing

functions in metastatic melanoma. These results

are in accordance with findings where macrophage

infiltration has been correlated with tumour stage

and angiogenesis in malignant melanoma [22].

Furthermore, increased serum concentrations of

angiogenic factors have been found to correlate

with tumour progression and poor survival in

malignant melanoma [25]. Thus, our results may

reflect a production of angiogenic factors from

TAMs. Further studies will have to be performed

in order to investigate this possibility. In our study

there was no significant impact on survival of TAMs.

The prognostic role of CD64 infiltration in tumour

biopsies with regard to overall survival was analysed

with univariate Cox analysis yielding a hazard ratio

(HR) of 0.7. However, the 95% confidence interval

was not statistically significant. As CD64 was

dichotomised as counts below the median vs. counts

above the median, the HR of 0.7 implies a better

survival for a count below the median. This question

has to be addressed in a larger study.

In conclusion, the present study suggests that

tumour-associated macrophages may correlate nega-

tively with the clinical outcome in patients with

metastatic melanoma undergoing IL-2 based immu-

notherapy. However, these data should be validated

in an independent study.
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