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Abstract

Human γδ T-cells possess regulatory and cytotoxic capabilities, and could potentially influence 

the efficacy of immunotherapies. We analyzed the frequencies of peripheral γδ T-cells, including 

their most prominent subsets (Vδ1+ and Vδ2+ cells) and differentiation-states in 109 melanoma 

patients and 109 healthy controls. We additionally analyzed the impact of γδ T-cells on overall 

survival (OS) calculated from the first dose of ipilimumab in melanoma patients. Higher median 

frequencies of Vδ1+ cells and lower median frequencies of Vδ2+ cells were identified in patients 

Corresponding Author: Kilian Wistuba-Hamprecht, University Clinics Tübingen, Waldhörnlestr. 22, 72072 Tübingen – Germany, 
phone: +4970712980639, Kilian.Wistuba-Hamprecht@uni-tuebingen.de. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Conflicts of Interest
No potential conflicts of interest were disclosed by the other authors

HHS Public Access
Author manuscript
Eur J Cancer. Author manuscript; available in PMC 2017 September 01.

Published in final edited form as:
Eur J Cancer. 2016 September ; 64: 116–126. doi:10.1016/j.ejca.2016.06.001.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



compared to healthy subjects (Vδ1+: 30% vs. 15%, Vδ2+: 39% vs. 64%; both p<0.001). Patients 

with higher frequencies of Vδ1+ cells (≥30%) had poorer OS (p=0.043) and a Vδ1+ 

differentiation-signature dominated by late-differentiated phenotypes. In contrast, higher 

frequencies of Vδ2+ cells (≥39%) were associated with longer survival (p=0.031) independent of 

the M category or lactate dehydrogenase (LDH) level. Patients with decreasing frequencies of 

Vδ2+ cells under ipilimumab treatment had worse OS and a lower rate of clinical benefit than 

patients without such decreases. Therefore, we suggest frequencies of both Vδ1+ and Vδ2+ cells 

as candidate biomarkers for outcome in melanoma patients following ipilimumab. Further studies 

are needed to validate these results and to clarify whether they represent prognostic associations or 

whether γδ T-cells are specifically and/or functionally linked to the mode of action of ipilimumab.
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Introduction

Immunotherapy with checkpoint inhibitors set a milestone in the treatment of melanoma. 

Ipilimumab, an inhibitory anti-Cytotoxic T-Lymphocyte Antigen-4 (CTLA-4) antibody, was 

the first agent proven to prolong overall survival (OS) of melanoma patients in a randomized 

controlled trial setting (1, 2). However, response rates of only approximately 10–20% and a 

risk of severe side effects (3) require careful evaluation of which patients might benefit from 

treatment with ipilimumab.

The identification of prognostic, or preferably predictive, biomarkers to support treatment 

decisions is highly desirable at the present time. Serum lactate dehydrogenase levels (LDH) 

(4–7), frequencies of circulating myeloid-derived suppressor cells (MDSC) (7, 8) and/or the 

abundance of tumor antigen-reactive T-cells (9, 10) have strong prognostic relevance in 

melanoma. Immunosurveillance of tumor cells is likely to involve both subsets of αβ T-

cells, for example CD4+ T helper cell induction of cellular senescence via IFN-γ secretion 

(11), and CD8+ T-cell mediated killing of tumor cells (12).

Less attention has been paid thus far to the numerically minor compartment of T-cells 

expressing the γδ isoform of the T-cell receptor (TCR). These non-MHC-restricted T-cells 

comprising 1–10% of peripheral T-cells possess features of both innate and adaptive 

immunity (13, 14). The majority of circulating γδ T-cells carries the δ2 chain, with usually 

only a minority expressing the δ1 chain (15). Cells expressing other δ chains are rare (16). 

Vδ1+ cells are prominently associated with viral infections, especially with 

Cytomegalovirus (17, 18) but their role in tumor-immunity is controversial (19).

Vδ2+ cells are notably involved in immunity against bacterial infections and tumors (20). 

Thus, Vδ2+ cells have been utilized in the past decade in anticancer immunotherapy (21). 

These cells may be naturally stimulated by the release of phospholipids such as 

isopentenylpyrophosphate (IPP) from malignant cells (22, 23) or 

hydroxymethylbutenylpyrophosphate (HMB-PP) by bacteria (20). Clinical responses and 

increased frequencies of Vδ2+ cells were observed after application of synthetic 
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bisphosphonates and low doses of IL-2 in non-Hodgkin lymphoma/multiple myeloma (24) 

and prostate cancer (25). An alternative approach is the adoptive transfer of in vitro-activated 

Vδ2+ cells as demonstrated in a small cohort of renal cell carcinoma patients (26).

The role of γδ T-cells in melanoma is poorly understood thus far. These cells do infiltrate 

primary melanomas, suggesting that they may be exerting anti-tumor activity (27). Only a 

few studies have reported alterations in frequencies and functional impairment of peripheral 

γδ T-cells in melanoma patients compared to healthy controls but there is as yet no 

consensus on this (28–30). In a pilot study, we recently identified the frequency of 

circulating Vδ1+ γδ T-cells as a negative prognostic marker candidate for advanced 

melanoma patients (31). In contrast, tumor-infiltrating Vδ1+ cells were reported to have a 

positive impact on survival of melanoma patients (32). Vδ2+ cells were decreased in the 

peripheral blood and had impaired functionality in melanoma compared to healthy controls 

in a study by Petrini et al. (29).

The aim of the present study was to investigate the role of γδ T-cells in melanoma patients 

treated with ipilimumab. Frequencies of γδ T-cells in the peripheral blood at baseline and 

changes after starting treatment were analyzed for their potential association with OS. 

Healthy individuals served as controls to investigate melanoma-associated alterations of γδ 
T-cells.

Materials & Methods

Melanoma patients

Cryopreserved peripheral blood mononuclear cells (PBMC) from blood draws within 4 

weeks prior to initiation of ipilimumab treatment, and the relevant clinical data, were 

provided by six centers (Table 1). Additional PBMC samples from later time points during 

and after treatment were provided from 33 patients. Uveal or mucosal melanomas were 

excluded. Clinical responses were categorized as complete response (CR), partial response 

(PR), stable disease (SD) or progressive disease (PD) according to the immune-related 

response criteria (irRC) (33). Clinical benefit was defined for patients experiencing CR, PR 

or SD as the best achieved response from the start of ipilimumab treatment to the date of 

progressive disease or start of a new systemic treatment. All tumor assessments within this 

time period were considered.

The prognostic impact of frequencies at baseline and follow up of other immune cell subsets 

was reported by us in partially overlapping cohorts (7, 34). All patients gave their written 

and informed consent for biobanking, and use of biomaterials and clinical data for scientific 

purposes. This study was approved by the Ethics Committee, University Medical Center 

Tübingen (approval 524/201B01).

Healthy controls

Cryopreserved PBMC samples (n=109) from participants of the Berlin Aging Study II 

(BASE-II) (35) were randomly selected and used as a healthy control cohort after exclusion 

of individuals with a history of cancer. Subjects participated in the BASE-II study with 
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written informed consent and the approval of the Ethics Committee of the Charité-

Universitätsmedizin Berlin (approval EA2/029/09).

Flow Cytometry

Cryopreserved PBMC samples were immediately stained with monoclonal antibodies after 

thawing for the markers of interest, as described in our OMIP-20 panel publication (36). 

Briefly, a pan-γδ TCR antibody identified γδ T-cells within CD3+ T-cells. The γδ T-cell 

compartment was further subdivided via antibodies against the δ1 and the δ2 isoform of 

their TCR followed by the identification of differentiation-phenotypes within these subsets. 

Data were acquired on an LSR-II flow cytometer (Becton Dickinson). Compensation was 

automatically performed with single color controls by FACS-DIVA software 6.1.3 (Becton 

Dickinson). A biological control from the same frozen batch of local control PBMC was 

included in each analytical run to ensure comparability between results from different runs. 

We found that cryopreservation did not significantly alter the frequencies of Vδ1+ and Vδ2+ 

cells relative to their values in freshly-isolated non-cryopreserved samples (Figure A1). 

Analysis of the resulting data was performed with FlowJo 10.0.7 (Tree Star). A threshold of 

minimum 100 events was set for subset analysis of a population. The gating strategy is 

displayed in Figure A2. All patient and control samples were centrally processed and 

analyzed in Tübingen.

Statistics

Disease-specific survival probabilities were estimated using the Kaplan-Meier method and 

compared by log rank testing. Only deaths due to melanoma were considered, whereas 

deaths due to other reasons were censored. The analysis initially included the frequency of 

total γδ T-cells among all CD3+ T-cells, as well as the proportion of the 3 subsets Vδ1+, 

Vδ2+, Vδ1−Vδ2− among total γδ T-cells. Patients were dichotomized according to their 

median frequencies of the cell subsets for analysis of associations of baseline values with 

patients’ OS. The composition of the differentiation-signatures of Vδ1+ and Vδ2+ subsets 

were compared between two groups of patients stratified by median survival (≥9 months OS 

vs. <9 months OS) using the Mann-Whitney U-test in a second step. Associations of the 

proportions of Vδ1+ to Vδ2+ cells and correlations with clinical benefit were analyzed by 

Χ2 and Fisher’s exact tests (two-sided). Nonparametric Spearman correlations were used to 

test for correlations between the identified phenotypes. The Mann Whitney U-test was used 

to compare the frequencies of the populations of interest in patients vs. controls. Cox 

regression modeling and Wald tests were used to test the relative impact of biomarker 

candidates when analyzed together with other factors. Results were reported as hazard ratios 

(HRs). Wilcoxon-matched pairs tests were used to analyze changes in abundance of cell 

populations by comparing baseline to later time-points during and after treatment. 

Throughout the study, p-values <0.05 were considered statistically significant. Statistical 

testing was performed with SPSS 22 (IBM) and Prism 6.d (Graph Pad).
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Results

Participants

γδ T-cells were investigated in 109 stage IV melanoma patients from six different clinical 

centers prior to the first administration of ipilimumab. Patient characteristics are presented in 

Table 1. The M category according to the American Joint Committee on Cancer (AJCC) 

classification (37) was M1c for the majority of patients (n=77). Thirty patients were staged 

as M1a or M1b, while no definite classification was possible for the remaining two. Median 

age was 58 years, 61% were male. The best clinical response after ipilimumab was available 

for 102 patients. Additional samples from blood draws during or after treatment were 

available for 33 of the 109 patients for investigation of treatment-associated alterations in 

cell distribution. Healthy controls (n=109) were used to investigate whether or not the 

abundance of γδ T-cell populations differs compared to melanoma patients. Among healthy 

controls, median age was 65 years and 38% were male.

Associations of γδ T-cell frequencies at baseline with overall survival

The median OS was 9 months after initiation of ipilimumab treatment. The percentage of 

total γδ T-cells among all CD3+ T-cells was found not to be associated with OS (Table 2). 

However, baseline frequencies of both Vδ1+ and Vδ2+ γδ T-cell subsets (CD3+γδTCR

+Vδ1+; CD3+γδTCR+Vδ2+, respectively) within the total γδ T-cell compartment were 

correlated with patients’ OS applying dichotomization based on the median frequency 

(Figure 1; p=0.043, and p=0.031, respectively). Patients with <30% of circulating Vδ1+ 

cells had a median survival of 13 months, and a 1-year survival rate of 53.3%. Patients in the 

reciprocal group (≥30% of Vδ1+ cells) had a shorter median survival of only 8 months with 

a 1-year survival rate of 37.9% (p=0.043).

In contrast to the negative survival association of Vδ1+ cells, the peripheral blood 

frequencies of the Vδ2+ subset were positively associated with patients’ OS. Those patients 

with a Vδ2+ compartment ≥ the median frequency (≥39%) had a median OS of 14 months 

with a 1-year survival rate of 54.2%, whereas those with <39% of Vδ2+ cells had a shorter 

median survival of only 7 months and a 1-year survival rate of 36.8% (p=0.031). No 

correlations with survival were found for the proportion of Vδ1–Vδ2− cells (see overview in 

Table 2).

There was a strong inverse correlation between the proportions of Vδ1+ and Vδ2+ cells 

(Figure 2A: p<0.001, r=0.846), but no correlations were observed for the Vδ1–Vδ2− cells. 

Figure 2B displays the distribution of γδ T-cell subsets at baseline. Not only the abundance 

of Vδ1+ and Vδ2+ cells, but also the balance between both subsets at baseline was 

associated with prognosis. A predominance of Vδ2+ over Vδ1+ cells was observed in 61.4% 

of patients with better OS (survival of at least 9 months), whereas this was 41.2% among 

patients who died earlier (Figure 2B: p=0.053).

Next, we characterized the relative impact of Vδ1+ and Vδ2+ cells on OS in comparison to 

other factors. Due to the strong inverse correlation, Vδ2+ and Vδ1+ cells were not 

independently associated with OS in multivariate analysis if both phenotypes were 
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considered in combination (HR=1.22, p=0.569 for Vδ1+ ≥median; HR=0.73, p=0.368 for 

Vδ2+ ≥median). Thus, we elaborated separate models for Vδ1+ and Vδ2+ subsets (Table 3).

Vδ2+ cells and the M category were found to be independent prognostic factors. HRs were 

0.62 for patients with high frequencies of Vδ2+ cells (p=0.034) and 1.68 for patients with 

M1c as compared to M1a/b (p=0.048) (Model 1). Model 2 identified the Vδ2+ cells and 

increased LDH levels as independent prognostic factors (HRs=0.61, p=0.043 for patients 

with high frequencies of Vδ2+ cells; HR=1.76, p=0.025 for patients with high LDH-levels), 

when accounting for various additional covariates. A strong trend towards an independent 

prognostic impact was also observed (Model 2) for higher frequencies of Vδ1+ cells 

(HR=1.54, p=0.057) in conjunction with the M category M1c (HR=1.65, p=0.058). Analysis 

of the Vδ1+ cells in model 4, which accounted for several additional covariates, showed that 

the LDH-level but not the Vδ1+ cell frequency was an independent predictor for OS (Table 

3).

Next, we investigated whether subsequent treatments may confound OS associations in our 

study. No differences were observed according to subsequent therapy with BRAF/MEK 

inhibitors, or chemotherapy but OS was significantly longer in patients who received anti-

PD-1/PD-L1 antibodies (Figure A3). Thus, confounding of our results by subsequent 

treatment with anti-PD-1/PD-L1 antibodies could not be excluded. However, despite the 

smaller sample size, we still observed a trend for the same associations between frequencies 

of Vδ1+ and Vδ2+ cells and OS when the analysis was limited to patients without 

subsequent anti-PD-1/PD-L1 therapy (Figure A4: p=0.096, Vδ1+; p=0.065 Vδ2+ cells).

There was no correlation between either the Vδ1+ or the Vδ2+ compartment and clinical 

benefit (p=0.312; p=0.317, respectively).

Differentiation phenotypes of the Vδ1+ and Vδ2+ T-cell subsets

The OS-associated Vδ1+ and Vδ2+ subsets were further characterized regarding their 

differentiation-stage through expression profiles of CD27, CD28, and CD45RA. Early- or 

late-differentiated subpopulations were defined by the CD27+CD28+CD45RA+, or the 

CD27−CD28−CD45RA+ phenotype, respectively. Intermediate-differentiated phenotypes 

were defined as CD27+CD28+CD45RA−, CD27−CD28+, CD27+CD28− and 

CD27−CD28−CD45RA−. The differentiation phenotype was analyzed separately for 

patients with high and low proportions of Vδ1+ or Vδ2+ cells (Vδ1+ ≥30% vs. <30%; 

Vδ2+ ≥39% vs. <39%) because of the observed differences in OS between these respective 

groups (Figure A5).

Only minor differences in the differentiation phenotype of Vδ2+ cells were observed 

comparing prognostically favorable patients with high and prognostically unfavorable 

patients with low abundance of total Vδ2+ cells (Figure A5 B). In contrast, there were 

strong variations in the proportions of differentiation phenotypes between the two 

prognostically distinguishable groups of patients for Vδ1+ cells (Figure A5 C). Patients with 

a Vδ1+ subset ≥ median had a significantly higher proportion of a late-differentiated 

phenotype (CD27−CD28−CD45RA+), whereas lower proportions of early-differentiated 

(CD27+CD28+CD45RA+) or intermediate-differentiated (CD27+CD28+CD45RA−, 
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CD27+CD28−) phenotypes were observed compared to the patients with a low abundance of 

Vδ1+ cells (Figure A5 C: all p≤0.001). No CD27−CD28+ subpopulation was detectable in 

the Vδ1+ subset.

γδ T-cell frequencies in melanoma and healthy controls

Next, the frequencies of γδ T-cells were compared between patients and healthy individuals. 

No difference was found for the total γδ T-cell compartment (p=0.205). However, higher 

frequencies of Vδ1+ cells and lower frequencies of Vδ2+ cells were observed in patients 

compared to healthy subjects (median frequencies Vδ1+: 30% vs. 15% and Vδ2+: 39% vs. 

64%; p<0.001 for both). For a comprehensive analysis, melanoma patients were divided into 

two prognostically different groups. Because the median survival according to Kaplan-Meier 

was 9 months for the entire cohort, the prognostically favorable groups comprised patients 

who survived at least 9 months after starting ipilimumab (n=57) while patients in the 

prognostically unfavorable group died earlier (n=51). One patient was censored within 9 

months and was not considered here.

No differences were found comparing proportions of the total γδ T-cell compartment in 

healthy controls with the two groups of patients (Figure 3A). The median abundance of the 

Vδ1+ subset was 15% of all γδ T-cells in healthy donors as compared to 26% in the group 

of patients with ≥9 months OS and 36% in the group of patients with <9 months OS (Figure 

3B: p=0.002; p<0.001 respectively). Among melanoma patients, those with a median OS ≥9 

months had significantly lower frequencies of Vδ1+ cells compared to patients with a 

median OS of <9 months (p=0.029).

The median proportion of the Vδ2+ subset was 64% in healthy subjects compared to 47% in 

the group of patients with ≥9 months OS and 27% in the group of patients with <9 months 

OS (Figure 3C: p=0.005; p<0.001). Patients with a median OS ≥9 months had significantly 

higher frequencies of Vδ2+ cells than patients with a median OS of <9 months (p=0.004). 

Only minor differences between healthy controls and melanoma patients were observed for 

Vδ1−Vδ2-cells (Figure 3D).

Alterations of γδ T-cell frequencies during and after ipilimumab treatment

Next, changes of Vδ1+ and Vδ2+ frequencies at three time points during and after treatment 

with ipilimumab were analyzed relative to baseline in 33 patients with available follow-up 

samples. Early, intermediate, and later alterations were analyzed considering frequencies 

measured ≤21 days, 22–42 days or >42 days after initiation of ipilimumab, respectively.

Alterations during and after treatment in the Vδ1+ subset were found not to be associated 

neither with patients’ OS (Figure 4A) nor with clinical benefit (Figure A6). In contrast, a 

decrease of the Vδ2+ subset at an intermediate and/or later time-point was associated with 

poorer outcome (Figure 4B: p=0.039, p=0.007 and Table A1). Moreover, significant 

correlations with clinical benefit were identified for both time points for patients in the 

prognostically favorable group (Figure A6: p=0.006, intermediate; p=0.019, late). Patients 

with a median OS <9 months had a significant intermediate and later decline of the Vδ2+ 

subset (Figure A7: p=0.005, p=0.012 respectively) and a trend towards an increase of Vδ1+ 
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cells (Figure A7: p=0.094). In contrast, no significant changes were observed in patients 

who survived at least 9 months or longer, neither in the Vδ1+ nor Vδ2+ subsets.

Discussion

In this study, we performed a detailed analysis of the peripheral γδ T-cell compartment in 

melanoma patients receiving ipilimumab. No impact on OS was observed according to the 

frequency of total γδ T-cells in the peripheral blood of melanoma patients, and their 

frequencies were similar to those of healthy controls. This latter finding is in accordance 

with previous studies by ourselves and others (29, 31), but both lower (28) and higher (30) 

abundance of total γδ T-cells in melanoma patients has also been reported. In contrast, the 

prognostic relevance of γδ T-cells as well as differences compared to healthy subjects 

became more evident when analyzing the abundance of the different γδ T-cell subsets 

separately (Vδ1+, Vδ2+ and Vδ1–Vδ2−).

The median frequency of Vδ1+ cells was lowest in the group of healthy subjects, higher in 

patients with an OS of at least 9 months and highest for patients with OS <9 months. 

Patients with higher frequencies of Vδ1+ cells had poorer survival as similarly shown in our 

pilot study (31). The Vδ1+ differentiation-signature in this group of patients was dominated 

by late-differentiated phenotypes. The latter finding is consistent with earlier work 

describing higher abundance of similarly defined late-differentiated γδ T-cells in melanoma 

(29, 30).

In contrast to Vδ1+ cells, the median frequency of Vδ2+ cells was highest for healthy 

controls, lower for patients with favorable survival and lowest for those who died within 9 

months. Additionally, we identified a strong positive correlation of circulating Vδ2+ cells 

with patients’ OS in Kaplan Meier analysis. Similar to our prior study findings on CD4+ and 

CD8+ T-cells (34), unchanged or increasing frequencies of Vδ2+ cells at an intermediate 

and later time point after initiation of ipilimumab were associated with superior OS and a 

higher proportion of patients with clinical benefit. Reduced abundance of circulating Vδ2+ 

cells in melanoma patients has been reported before (28, 31). Baseline frequencies of Vδ2+ 

cells represent a promising predictive biomarker candidate, particularly due to their 

independent impact on OS in addition to established prognostic factors like the M category 

or LDH.

Functional investigations of γδ T-cells suggest an involvement of these cells in immune 

surveillance of cancer, including melanoma, in line with the clinical associations observed 

here. These unconventional T-cells can generally act as antigen-presenting cells, and directly 

prime adaptive immunity (38, 39). In melanoma, in vitro analysis of γδ T-cells revealed 

impaired functionality (28, 29) and poor proliferative capacity (28) after stimulation with 

bisphosphonates which target the Vδ2+, but not the Vδ1+ subset. Vδ2+ cells were reported 

to have immunoregulatory activity (40, 41). Moreover, these cells can produce large amounts 

of IFN-γ and/or TNF-α, reflecting their killing and immunomodulatory function in 

collaboration with other components of the immune system (42, 43).
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The role of Vδ1+ cells in cancer immunology is poorly understood. Separating these 

heterogeneous cells into a cytotoxic and a regulatory sub-compartment might help to clarify 

the situation (19, 21, 44). Subsets of γδ T-cells with prominent innate-like IL-17-producing 

characteristics have been identified (γδ-Th17) and were reported to associate with tumor 

escape in breast cancer (45).

Intra-tumoral γδ-Th17 cells express the δ1 TCR isoform and were suggested to associate 

with expansion of MDSCs in colorectal cancer and to exert negative immunomodulatory 

effects (46). Taken together, several studies indicate that γδ T-cells can induce and facilitate 

both pro- and anti-tumor immune responses (47). Studies focusing on a tentative functional 

link between γδ T-cells and the mode of action of ipilimumab are urgently required.

Based on the results of our study and limited functional studies it is not clear whether the 

associations of the frequencies of circulating Vδ1+ or Vδ2+ cells with OS is prognostic for 

melanoma patients in general or predictive for outcome after treatment with ipilimumab.

Further prospective validation of our findings is needed to confirm and to more 

comprehensively characterize the impact, benefits and limitations of γδ T-cell analysis 

compared to other biomarkers in patients treated with ipilimumab and in other clinical 

situations, e.g. for prognosis of patients with distant metastasis. Potential confounding by 

prior treatments was not analyzed here and needs to be addressed in future studies. Because 

γδ T-cells can express PD-1 under certain conditions (48), the association between the 

frequency of these cells and outcome in patients treated with anti-PD1 antibodies also 

warrants further investigation.

Finally, mechanistic studies are needed to characterize the functional involvement of Vδ1+ 

and Vδ2+ cells in immune surveillance of melanoma and in the mode of action of 

ipilimumab. This is of particular interest as increasing and/or activating Vδ2+ cells in vivo is 

possible, for example by treatment with bisphosphonates such as zoledronate (19, 21, 49). 

The observed associations of Vδ2+ cells with OS provide a rationale to examine therapeutic 

interventions directed to the Vδ2+ cell subset in the preclinical setting.

We conclude that high frequencies of Vδ2+ cells and low frequencies of Vδ1+ cells are 

associated with favorable OS of melanoma patients receiving ipilimumab. Frequencies of 

Vδ1+ cells are higher in melanoma patients compared to healthy controls and no significant 

alterations were observed during ipilimumab treatment. In contrast, frequencies of Vδ2+ 

cells are lower in melanoma patients compared to healthy controls and decreased markedly 

during ipilimumab treatment in those patients who had a worse outcome. Vδ1+ and Vδ2+ 

cells represent novel biomarker candidates which need to be validated, and which also 

warrant further clinical investigation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Frequencies of γδ T-cells are different in melanoma patients and 

controls

• Higher Vδ2+ and lower Vδ1+ T-cell levels in blood are prognostic for 

survival

• Decreasing Vδ2 cells during ipilimumab treatment is associated with 

poorer survival
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Figure 1. Significant associations with overall survival according to frequencies of major γδ T-
cell subsets
Frequencies of Vδ1+ cells (left) and Vδ2+ cells (right) within the total γδ T-cell 

compartment before start of ipilimumab were significantly correlated with patients’ OS. 

Kaplan Meier analysis with log rank estimation was used for statistical analysis. Vertical 

lines indicate censored events.
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Figure 2. Correlations within the γδ T-cell subsets
A) Frequencies of Vδ1+ cells correlate negatively with those of the Vδ2+ cell subset 

(r=0.846, p<0.0001). Correlation is indicated by a fitting curve (line) with the 95% 

confidence interval (dotted lines) B) Signature of the total γδ T-cell compartment (rows) in 

108 patients (lines). One patient was censored because follow-up was less than 9 months. 

Patients were grouped according to median survival (≥9 months and <9 months OS) and 

graded in both groups after declining values for the Vδ1:Vδ2 proportions. Orange lines 

indicate an equilibrium of Vδ1+ and Vδ2+cells.
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Figure 3. Comparison of γδ T-cell subset frequencies between healthy individuals and patients at 
baseline
Patients were stratified into two balanced prognostic groups based on the median OS after 

starting ipilimumab (9 months). A) Frequencies of total γδ T-cells among all T-cells B) 
Proportions of Vδ1+, C) of Vδ2+ and D) of Vδ1–Vδ2− cells among the total γδ T-cells. 

Statistical evaluation was performed with Mann Whitney U test. Median is indicated for 

each group. Annotation: * p≤0.05 ; ** p≤0.005 ; *** p≤0.05 ; **** p≤0.0001
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Figure 4. Prognostic impact of alterations in Vδ1+ and Vδ2+ cell frequencies after starting 
ipilimumab
OS of patients with unchanged/decreased vs. increased frequencies of the Vδ2+ A) or the 

Vδ1+ B) cells was compared. Frequencies as analyzed after starting ipilimumab but before 

day 21 (early alterations – left), between days 22 and 42 (intermediate alterations) and after 

day 42 (late alterations) were compared to baseline findings. Kaplan Meier analysis with log 

rank estimation was used for statistical analysis. Vertical lines indicate censored events.

Wistuba-Hamprecht et al. Page 18

Eur J Cancer. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wistuba-Hamprecht et al. Page 19

Table 1

Patient characteristics

Variable Category

Patients
(n=109)

n %

Center

Amsterdam 36 33

Essen 11 10

Lausanne 9 8

Nantes 3 3

Naples 16 15

New York 34 31

Gender
Male 67 61

Female 42 39

Age

28 – 40 years 14 13

41 – 60 years 45 41

61 – 70 years 25 23

71 – 89 years 25 23

Median age 58 years

Number of doses

1 4 4

2 6 6

3 13 12

4 86 79

LDH

Elevated 45 41.3

Normal 62 56.9

Unknown 2 1.8

Visceral involvement

Soft tissue 15 13.8

Lung 25 22.9

Other organs 69 63.3

M category (AJCC)

M1a 11 10.3

M1b 19 17.8

M1c 77 72.0

Unknown 2

Treatment background

CA-184-169 (3 or 10 mg/kg) 3 2.8

Early access program (3 mg/kg) 50 45.9

Regular prescription (3 mg/kg) 56 51.4

Clinical response (irRC)

Complete response 4 3.9

Partial response 23 22.5

Stable disease 13 12.7

Progressive disease 62 60.8

Unknown 7
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