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CANCER IMMUNOLOGY RESEARCH | RESEARCH ARTICLE

Granulocyte–Macrophage Colony-Stimulating Factor
Influence on Soluble and Membrane-Bound ICOS in
Combination with Immune Checkpoint Blockade
Xiaoyu Li1,2,3, Jingjing Li1,2,3, Yue Zheng4, Sandra J. Lee4, Jun Zhou1,2,3, Anita Giobbie-Hurder2,3,4,
Lisa H. Butterfield5, Glenn Dranoff6, and F. Stephen Hodi1,2,3

ABSTRACT
◥

With the successful development of immune checkpoint
blockade, there remains the continued need to improve efficacy
and decrease toxicities. The addition of granulocyte–macrophage
colony-stimulating factor (GM-CSF) to ipilimumab has previ-
ously demonstrated both an improvement in efficacy
and decrease in the incidence of high-grade adverse events.
ICOSþCD4þ or ICOSþCD8þ peripheral blood T cells are sig-
nificantly greater in the patients treated with ipilimumab plus
GM-CSF than in the patients treated with ipilimumab alone. To
better understand the effects of GM-CSF on inducible T-cell
costimulator (ICOS) and clinical outcomes, the relative roles of

identified soluble ICOS and membrane-bound ICOS were eval-
uated. The ICOS splice variant was secreted and found to have
immunologic suppressive effects. Changes in soluble ICOS splice
variant levels in treated patients correlated with clinical out-
comes. GM-CSF enhanced membrane-bound ICOS in an IL12-
dependent manner but did not increase soluble ICOS levels.
Whereas soluble ICOS plays a role in immune suppression, GM-
CSF efficacy involves increasing membrane-bound ICOS and
induction of dendritic cell development. Thus, soluble ICOS
splice variants may be used as a biomarker for GM-CSF and
immune checkpoint blockade–based therapies.

Introduction
Inducible T-cell costimulator (ICOS), also known as CD278, was

identified as a member of the CD28–CTLA-4 T-cell costimulator
subfamily of B7 superfamily costimulatory molecules (1–3). In con-
trast to CD28, which is expressed constitutively on both na€�ve and
activated T cells, ICOS expression is induced on T cells only upon TCR
cross-linking (1, 4–6). ICOS receptor engagement by its specific ligand,
ICOSL (B7H/B7RP-1; refs. 4, 7) promotes T-cell differentiation,
activation, and proliferation (5, 8, 9). A recent clinical study shows
that dendritic cells (DC) from melanoma patients have reduced
expression of membrane-bound and soluble ICOSL resulting from
defective intrinsic NF-kB signaling, which correlates with the tumor-
specific T-cell immune responses and patient clinical outcomes (10). A
mouse tumormodel ofmelanoma has provided experimental evidence
that antitumor T-cell responses elicited by anti–CTLA-4 are signifi-
cantly impaired in the absence of ICOS (11), suggesting that ICOS/
ICOSL signaling is required for the optimal effect of cancer immu-
notherapy by immune checkpoint blockade.

Two isoforms of human ICOS have been identified, full-length
ICOS (ICOS-FL; ref. 1) and an alternatively spliced variant (12).
Soluble ICOS (sICOS) has been evaluated in patients with autoim-
mune disease (13–16). Upregulation of membrane-bound ICOS on
peripheral blood T cells and downregulation of serum levels of sICOS
are found in patients with neuromyelitis optica spectrum disorder
(NMOSD) compared with healthy donors (13). Nevertheless, the
involvement of sICOS in patients with malignant tumors has not
been extensively studied. Serum levels of sICOS may regulate antitu-
mor immune responses and could potentially be used as a biomarker
for tumor immunity.

Preclinical mouse models, as well as clinical studies, have shown
the role of granulocyte–macrophage–colony-stimulating factor
(GM-CSF) in augmenting antitumor immunity in combination with
immunotherapy, either through systemic administration of GM-CSF
or by vaccination with irradiated autologous tumor cells genetically
engineered to secrete GM-CSF, leading to enhanced tumor-specific
T-cell activation and tumor destruction (17–23). In a randomized
phase II trial [Eastern Cooperative Oncology Group (ECOG) 1608] of
ipilimumab with or without GM-CSF, the addition of GM-CSF to
CTLA-4 blockade prolongs overall survival and reduces toxicity in
patients with metastatic melanoma. Notably, flow cytometry data
demonstrate that the increased percentages of ICOSþCD4þ or
ICOSþCD8þ peripheral blood T cells are significantly greater in the
patients treated with ipilimumab plus GM-CSF than in the patients
treated with ipilimumab alone (21). The present study sought to clarify
the immunologic effects of GM-CSF on ICOS induction and the
potential role of sICOS on clinical outcomes.

Materials and Methods
Cell lines

CHO-K1 cells (CCL-61) were purchased from the ATCC and
maintained in Ham’s F-12K (Kaighn’s) Medium (Thermo Fisher
Scientific, 21127022) supplemented with 10% fetal bovine serum
(FBS, Thermo Fisher Scientific, 10437028), 100 U/mL penicillin, and

1Department of Medical Oncology, Dana-Farber Cancer Institute, Boston,
Massachusetts. 2Melanoma Division, Dana-Farber Cancer Institute, Boston,
Massachusetts. 3Center for Immuno-Oncology, Dana-Farber Cancer Institute,
Boston, Massachusetts. 4Department of Data Sciences, Dana-Farber Cancer
Institute, Boston, Massachusetts. 5Parker Institute for Cancer Immunotherapy and
UniversityofCaliforniaSanFrancisco,SanFrancisco,California. 6Immuno-Oncology,
Novartis Institutes for Biomedical Research, Cambridge, Massachusetts.

Corresponding Author: F. Stephen Hodi, Dana-Farber Cancer Institute, 450
Brookline Avenue, Boston, MA 02215. Phone: 617-632-5053; E-mail:
Stephen_hodi@dfci.harvard.edu

Cancer Immunol Res 2023;11:1100–13

doi: 10.1158/2326-6066.CIR-22-0702

This open access article is distributed under the Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) license.

�2023 TheAuthors; Publishedby theAmericanAssociation forCancerResearch

AACRJournals.org | 1100

http://crossmark.crossref.org/dialog/?doi=10.1158/2326-6066.CIR-22-0702&domain=pdf&date_stamp=2023-7-13
http://crossmark.crossref.org/dialog/?doi=10.1158/2326-6066.CIR-22-0702&domain=pdf&date_stamp=2023-7-13


100 mg/mL streptomycin (Thermo Fisher Scientific, 15140122). 293T
cells (CRL-3216) were purchased from ATCC and maintained in
DMEM (Thermo Fisher Scientific, 10313039) supplemented with
10% FBS, 100 U/mL penicillin, and 100 mg/mL streptomycin. All cell
lines were frozen at passages 2 to 5 after purchase. Experiments were
performed using passages 3 to 15 after removal from liquid nitrogen.
Mycoplasmawas routinely tested using theMycoplasma Detection Kit
(Millipore Sigma). Cell line authentication was done by ATCC.

Ethics approval and consent to participate
The collection and use of patient samples were complied with the

Declaration ofHelsinki and approved by the Institutional ReviewBoard
of the Dana-Farber/Harvard Cancer Center, Cancer Therapy Evalua-
tion Program, and ECOG-American College of Radiology Imaging
Network, and informed written consent was obtained from patients.

Human peripheral blood mononuclear cells isolation and DC
generation

All human studieswere approvedby the Institutional ReviewBoardof
the Dana-Farber/Harvard Cancer Center. Human peripheral blood
mononuclear cells (PBMC) were isolated from the peripheral blood of
12 healthy donors by Ficoll-Hypaque (Sigma-Aldrich) density gradient
centrifugation.CD14þmonocyteswere purified fromPBMCs ofhealthy
donors by positive selection usingCD14magneticmicrobeads (Miltenyi
Biotec, 130-050-201) and MACS separation columns (Miltenyi Biotec,
130-042-401) following the manufacturer’s instructions (Miltenyi Bio-
tec). The components of the MACS buffer: 1X PBS, pH 7.2 (Thermo
Fisher Scientific), 0.5% bovine serum albumin (BSA, Millipore Sigma),
2 mmol/L EDTA (Thermo Fisher Scientific). 3 mL of the MACS buffer
was used for cell wash, and 0.5 mL was used for cell resuspension. The
purity of the isolated CD14þ cells was above 95%, determined by flow
cytometry. CD14þ cells were cultured for 6 days in a 24-well tissue
culture plate at a concentration of 2�105 cells/mL in complete RPMI-
1640 medium (RPMI-1640 medium, 10% FBS, 100 U/mL penicillin,
and 100 mg/mL streptomycin) alone; in complete medium supplemen-
ted with GM-CSF (50 ng/mL, R&D Systems) plus IL4 (5 ng/mL, R&D
Systems) and control IgG (10 mg/mL, BioLegend); in complete medium
supplemented with GM-CSF (50 ng/mL) plus IL4 (5 ng/mL) and anti–
GM-CSFR alpha (CD116, clone 4H1, 10mg/mL, BioLegend) to generate
monocyte-derived immature DCs. On day 3, one half of the culture
medium was replaced with fresh medium containing growth factors
as described above. To induce DC maturation, on day 6 of the cell
culture, LPS (100 ng/mL, Millipore Sigma) was added for 24 hours.
After treatment, DCs were washed in 1x PBS (Thermo Fisher Scien-
tific) and used for subsequent experiments.

Antibodies, flow cytometry, and cell sorting
Monoclonal antibodies specific for CD3 (UCHT1), CD4 (RPA-T4),

CD8 (HIT8a), CD28 (CD28.2), CD25 (BC96), ICOSL (2D3), CD14
(63D3), HLA-DR (L243), CD11C (3.9), CD80 (2D10), CD86 (BU63),
CD83 (HB15e), human IgG1 Fc (QA19A42), GITR (108-17),
CD154 (24–31), CD69 (FN50), ICOS (C398.4A), mouse IgG1 k
istotype control (MOPC-21), mouse IgG2b k isotype control
(MPC-11),mouse IgG2a k isotpe control (MOPC-173), andArmenian
Hamster IgG isotype control (HTK888) were purchased from BioLe-
gend. Monoclonal antibodies specific for ICOS (ISA-3), mouse IgG1 k
isotype control (P3.6.2.8.1), were purchased from Thermo Fisher
Scientific. IL12 (p40/p70) blocking antibody (C8.6) and mouse IgG1
k isotype control antibody (107.3) were purchased from BD Bios-
ciences. Single-cell suspensions were prepared from human PBMCs or
cell lines. The cells were incubated with 2.5 mg of human Fc block (BD

Biosciences, 564219) in 100 mL of FACS buffer (1� PBSþ 2% FBSþ 1
mmol/L EDTA) for 20 minutes on ice followed by staining with the
desired fluorochrome-conjugated antibodies for 30 minutes on ice
using the same FACS buffer. No washing step is needed between the Fc
blocking and staining steps. After washing two times with the FACS
buffer described above, cells were analyzed using an M Fortessa X-20
HTS flow cytometer (BD Biosciences). Data analysis was performed
using FlowJo software (Tree Star). GFPþ cells were sorted using a
FACSAria SORP UV cell sorter (BD Biosciences). Sorted cells were of
>98% purity, as determined by post sort analysis.

Comparison of ICOS-FL and the ICOS splice variant
Two isoforms of human ICOS have been previously identified,

the ICOS-FL (1) and the ICOS splice variant (ICOS-SV; ref. 12).
The cDNA and 50UTR sequences of the two ICOS isoforms were
searched via Ensembl genome browser (http://useast.ensembl.org/
Homo_sapiens/Info/Index). The Ensembl transcript accession
numbers (ID) for ICOS-FL and ICOS-SV are ENST00000316386.11
and ENST00000435193.1, respectively; the Ensembl transcript
names for ICOS-FL and ICOS-SV are ICOS-201 and ICOS-202,
respectively. A comparison was performed in parallel between
the two isoforms using Nucleotide BLAST software (https://blast.
ncbi.nlm.nih.gov/Blast.cgi?PROGRAM¼blastn&BLAST_SPEC¼
GeoBlast&PAGE_TYPE¼BlastSearch) in terms of cDNA sequences
and 50UTR sequences of the two ICOS isoforms. The amino acid
sequences of the two ICOS isoforms were searched via UniProt
(https://www.uniprot.org/). The UniProt accession numbers (ID) for
ICOS-FL and ICOS-SV are Q9Y6W8-1 and Q9Y6W8-2, respectively.
A comparison was performed in parallel between these two isoforms
using Protein BLAST software (https://blast.ncbi.nlm.nih.gov/Blast.
cgi?PROGRAM¼blastp&PAGE_TYPE¼BlastSearch&BLAST_SPEC¼
&LINK_LOC¼blasttab&LAST_PAGE¼blastp).

Two isoforms of human ICOS cloning and construction of
retroviral vectors of ICOS-FL and ICOS-SV

CD3þ pan-T cells were purified from the PBMCs of healthy donors
by negative selection using a human pan-T cell isolation kit (Miltenyi
Biotec, 130-096-535) and MACS separation columns (Miltenyi Bio-
tec, 130-042-401) following the manufacturer’s instructions (Miltenyi
Biotec). The components of the MACS buffer: 1� PBS (pH 7.2,
Thermo Fisher Scientific), 0.5% BSA (Millipore Sigma), 2 mmol/L
EDTA (Thermo Fisher Scientific). The purity of the isolated CD3þ

pan-T cells was above 95%, determined by flow cytometry. The
purified pan-T cells were activated by anti-CD3 (BioLegend, clone
UCHT1) and anti-CD28 (BioLegend, clone CD28.2) for 48 hours. The
final concentration of anti-human CD3 and anti-human CD28
used was 5 mg/mL each. Total RNA from stimulated T cells was
isolated with the RNeasy Mini Kit (Qiagen). cDNA was prepared
by oligo-dT primer using the Superscript III Transcription kit (Invi-
trogen, Thermo Fisher Scientific). The transcript for the ICOS
variant was amplified by PCR with the following primers: Forward
primer-50ATGAAGTCAGGCCTCTGGTATTTC3’; Reverse primer-
50GAGTTCCATATTATAGGGTCACATCTT3’. The transcript of
the ICOS-FL was amplified by PCR with the primers: Forward
primer-50ATGAAGTCAGGCCTCTGGTATTTC3’; Reverse primer-
50 GAGTTCCATATTATAGGGTCACATCTGTGA3’. The PCR pro-
ducts were inserted into a TA TOPO Vector 4 (Invitrogen) for DNA
sequencing analysis (Eton Bioscience, Inc.). The primer used for the
DNA sequencing was: 50 GTAAAACGACGGCCAGT 30 synthesized
from Eton Bioscience. The cDNA of the ICOS-SV and ICOS-FL
were further cloned separately into a retroviral expression vector,
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MSCV-IRES-GFPII (pMIG II), a gift fromDr.DarioVignali (Addgene
plasmid #52107; http://n2t.net/addgene:52107; RRID: Addgene_52107;
ref. 24). The sequences of the primers for the splice variant of ICOS
were: Forwardprimer-50GCACTGAATTCGCCACCATGAAGTCAG-
GCCTCTGGTATT3’. Reverse primer-50GCACTCTCGAGTCACAT-
CTTTTTTGTAAGCCAACAAA3’. The sequences of the primers for
the full-length of ICOS were: Forward primer-50GCACTGAATTC-
GCCACCATGAAGTCAGGCCTCTGGTATT3’; Reverse primer-
50GCACTCTCGAGTTATAGGGTCACATCTGTGAGTCTAGAT3’.
The cloning restriction sites are EcoRI/XhoI.

Retroviral and lentiviral transduction
To produce retrovirus, the pMSCV-IRES-GFPII (pMIG II) expres-

sing splice variant of ICOS or ICOS-FL was cotransfected into 293T
cells with envelope vector encoding VSV-g and packaging vector
encoding gag/pol using lipofectamine 2000 (Invitrogen). The parental
empty retroviral vector was used to produce retrovirus as a negative
control. All retroviral supernatants were harvested, filtered, and
infected into target cells in the presence of 8 mg/mL polybrene (TR-
1003-G, Millipore Sigma). The pLV-GFP-ICOSL lentiviral expression
vector was obtained from Sino Biological. Lentiviral supernatants
were produced by transfection of 293T cells with the lentiviral
vector and envelop/packaging vectors encoding VSV-g, gag/pol,
and REV/RSV using lipofectamine 2000 (Invitrogen, Thermo Fisher
Scientific). Lentiviral supernatants were harvested and filtered with
a 0.45-mm filter. CHO-K1 cells were infected with the ICOSL
lentivirus in the presence of 8 mg/mL polybrene (Sigma-Aldrich).

ICOS-SV-fc fusion protein
ICOS-Va-Fc was a fusion protein consisting of human ICOS-Va

and a fragment (CH2–CH3 domains) of the constant region (Fc) of
human IgG1 (hIgG1, gene ID: 3500). CH2 and CH3 domains are
located in the Fc of the hIgG1 heavy chain. The DNA insert encoding
ICOS-Va-Fc wasmade by overlap extension PCRmethod inwhich the
hIgG1 Fc region was fused to the C-terminus of ICOS-Va. The first
DNA fragment (ICOS-Va) was amplified by PCR using ICOS-Va
cDNA as template, one pair of primers used for the PCRwere designed
as follows: ICOS-Va-Forw-EcoRI: 50GCACTGAATTCGCCACCAT-
GAAGTCAGGCCTCTGGTATT3’, ICOS-Va-Fc-Rev-Lig: 50AGTT-
TTGTCACAAGATTTGGGCATCTTTTTTGTAAGCCAA3’. The
second DNA fragment (hIgG1 Fc) was amplified by PCR using a
hIgG1 Fc fusion plasmid (24) as a template; the pair of primers
used for this PCR were designed as follows: ICOS-Va-Fc-Forw-
Lig: 50TTGGCTTACAAAAAAGATGCCCAAATCTTGTGACA-
AAACT3’; Fc-Rev-XhoI: 50GTACACTCGAGTCATTTACCCG-
GAGACAGGGA 30. The twoPCRDNA fragmentswere then purified
with a PCR purification kit (Qiagen). To fuse the two DNA fragments,
2 mL of each of purified PCR products wasmixed as a template, and the
third PCR was performed by using primer ICOS-Va-Forw-EcoRI and
primer Fc-Rev-XhoI as described above. The fused insert was cloned
into the pMSCV-IRES-GFP II (pMIG II) retroviral vector with EcoRI/
XhoI cloning sites to construct recombinant plasmid MSCV/ICOS-
Va-Fc for expression of ICOS-Va-Fc fusion protein. The ICOS-Va-Fc
was transduced into CHO-K1 cells with 30 mL undiluted retroviral
supernatant in the presence of 8 mg/mL polybrene (TR-1003-G,
Millipore Sigma). The ICOS-Va-Fc fusion protein was purified using
protein G Sepharose 4 Fast Flow according to the manufacturer’s
instructions (17061801, Cytiva). The buffers used for the Fc fusion
protein purificationwere as follows: binding/washing buffer: 20mmol/L
sodium phosphate, pH7.0; elution buffer: 0.1M glycine-HCl, pH2.7;
neutralizing buffer: 1M Tris-HCl, pH9.0. Purified protein was further

verified by SDS-PAGE (4%–12% Bis-Tris gradient gel, Invitrogen),
immunoblotting, and gel staining was performed using a Pierce silver
stain kit according to the manufacturer’s instructions (24612, Thermo
Fisher Scientific). After staining, the gel was analyzed with ChemiDoc
MP Imaging System (Bio-Rad).

Soluble ICOS-SV blocking assays
To evaluate the blocking function of sICOS-SV on ICOS/ICOSL-

mediated T-cell costimulation, CD4þ T cells were isolated from
PBMCs of healthy donors by negative selection using CD4þ T-cell
isolation kit (Miltenyi Biotec, 130-096-533) and MACS separation
columns (Miltenyi Biotec, 130-042-401) according to the manufac-
turer’s instructions (Miltenyi Biotec). The components of the MACS
buffer: 1� PBS (pH 7.2, Thermo Fisher Scientific), 0.5% BSA (Milli-
pore Sigma), and 2 mmol/L EDTA (Thermo Fisher Scientific). The
purity of the isolated CD4þ cells was above 95%, determined by flow
cytometry. Purified T cells were cultured in the RPMI-1640 medium
(11875093, Thermo Fisher Scientific) supplemented with 10% FBS
(Thermo Fisher Scientific, 10437028), 100 U/mL penicillin, and
100 mg/mL streptomycin (Thermo Fisher Scientific, 15140122) and
stimulated with a suboptimal dose of monoclonal anti-CD3 (UCHT1,
BioLegend) at 20 ng/mL for 24 hours. The T cells were then cocultured
with ICOSL-expressing CHO-K1 cells in the presence of either control
Ig (110-HG-100, R&D Systems), PD-1 Ig (1086-PD, R&D Systems), or
ICOS-SV Ig for 24 hours. Both control Ig and PD-1 Ig were used as
negative control.

To determine if sICOS-SV Ig can block the binding membrane-
bound ICOS onT cells with sICOSL Ig, CD3þ pan-T cells were purified
from the PBMCs of healthy donors by negative selection using a
human pan-T cell isolation kit (Miltenyi Biotec, 130-096-535) and
MACS separation columns (Miltenyi Biotec, 130-042-401) following
the manufacturer’s instructions (Miltenyi Biotec) as described above.
The components of theMACS buffer: 1� PBS (pH 7.2, Thermo Fisher
Scientific), 0.5% BSA (Millipore Sigma), 2 mmol/L EDTA (Thermo
Fisher Scientific). The purity of the isolated CD3þ pan-T cells was
above 95%, determined by flow cytometry. The purified CD3þpan-T
cells were cultured in the RPMI-1640 medium (11875093, Thermo
Fisher Scientific) supplemented with 10% FBS (Thermo Fisher Sci-
entific, 10437028), 100 U/mL penicillin, and 100 mg/mL streptomycin
(Thermo Fisher Scientific, 15140122) and stimulated with anti-CD3
(UCHT1, BioLegend) at 5 mg/mL for 48 hours. The activated T cells
were stained with control Ig (0.2 mg) or ICOSL Ig (0.2 mg) in the
presence of buffer, excess ICOS-SV Ig (2 mg) or PD-1 Ig (2 mg) for 30
minutes on ice. After washing three timeswith FACS buffer (1�PBSþ
2% FBS þ 1 mmol/L EDTA), the T cells were then incubated with a
fluorochrome-conjugated anti-human IgG1 Fc (M1310G05, BioLe-
gend) or isotype control antibody (RTK2758, BioLegend) in 100 mL of
FACS buffer for 30 minutes on ice (25). After washing two times with
the FACS buffer as described above, cells were analyzed using an M
Fortessa X-20HTS flow cytometer (BDBiosciences). Data analysis was
performed using FlowJo software (Tree Star).

Immunoprecipitation, SDS-PAGE, and immunoblotting
Cell culture supernatants from 293T cells transduced with the

recombinant retroviral vector encoding either ICOS-SV, ICOS-FL,
empty retroviral vector, or from 293T cells parental cells were collected
and concentrated with a 3K cutoff centriprep spin column (EMD
Millipore). Samples were normalized by cell numbers. The concen-
trated supernatant was incubated with 10 mg of anti-ICOS (clone
C398.4A, BioLegend) plus an 80 mL aliquot of 50% protein A agarose
slurry (Thermo Fisher Scientific) overnight at 4�C. After washing with
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PBS, the precipitates bound to the agarose beads were resuspended in
Laemmli’s reducing buffer (Boston Bioproducts), followed by boiling
for 5 minutes. Immuno-precipitates were subjected to 4%–12% SDS-
polyacrylamide gel electrophoresis (PAGE; Thermo Fisher Scientific)
and transferred onto PVDF membranes (EMDMillipore). The mem-
branes were immunoblotted overnight at 4�C with a goat anti-human
ICOS at 0.2 mg/mL (R&D Systems) and further incubated with
horseradish peroxidase (HRP)-conjugated donkey anti-goat IgG sec-
ondary antibody (Jackson ImmunoResearch) at room temperature for
1 hour. The immunoreactive proteins were detected by enhanced
chemiluminescence (ECL) reagents (GEHealthcare) and ImageQuant
LAS 4000 Imager (GE Healthcare).

For immunoblot analysis, cells were lysed in radioimmunopreci-
pitation assay (RIPA) buffer (Thermo Fisher Scientific) supplemented
with protease inhibitor cocktail (Sigma-Aldrich) or plus phosphatase
inhibitor cocktail (Pierce) for phosphorylated proteins. Lysates (40 mg)
were separated on NuPAGE 4%–12% Bis-Tris gel (Thermo Fisher
Scientific) and transferred onto PVDF membrane (EMD Millipore).
Nonspecific binding was blocked by incubation in a blocking buffer
(5% nonfat milk in TBST), followed by incubation with the primary
antibodies (1:2,000 dilution) and the appropriate HRP-conjugated
secondary antibodies (1:5,000 dilution) diluted in the blocking
buffer. Immunoreactive proteins were detected using enhanced
chemiluminescence (ECL) reagents (GE Healthcare) and Image-
Quant LAS 4000 Imager (GE Healthcare). The polyclonal goat
anti-human ICOS was purchased from R&D Systems. Rabbit
monoclonal antibody for Phospho-Akt (S473), mouse monoclonal
antibody for pan-Akt, secondary anti-rabbit IgG-HRP, and sec-
ondary anti-mouse IgG-HRP were purchased from Cell Signaling
Technology. Secondary anti-goat IgG-HRP was purchased from
Jackson ImmunoResearch.

Allogeneic one-way mixed lymphocyte reaction and
3H thymidine proliferation assay

To evaluate the biological function of monocyte-derived DCs
(MoDC), a mixed lymphocyte reaction (MLR) was performed in
96-well round-bottom plates by coculturing mitomycin C (Millipore
Sigma)-treated MoDCs (50 mg/mL for 45 minutes) as stimulator cells
and allogeneic na€�ve T cells purified with a CD4þ T isolation kit
(Miltenyi Biotec, 130-096-533, as described above) as responder cells.
The ratio of the stimulator cells to responder cells was 1:5 in the
coculture. After 6 days of cell culture with the complete RPMI-1640
medium at 37�C, 5% CO2, cells were pulsed with thymidine (TdR)
(0.5mCi/well, PerkinElmer) for the last 15 hours of culture, and the
incorporated radioactivity was examined in a liquid scintillation
counter (cpm ¼ counts per minute, Wallac 1450 Microbeta Trilux,
PerkinElmer) for determination of T-cell proliferation. Soluble (s)
ICOS levels were detected by enzyme-linked immunosorbent assay
(ELISA) in MLR supernatants as described below. To evaluate the
effects of IL12 cytokine produced by GM-CSF/IL4-driven DCs on the
ICOS expression of MLR T cells, anti-IL12 p70/p40 (C8.6, BD
biosciences) was added to theMLR reaction with GM-CSF/IL4-driven
DCs for 24 hours. The working concentration was 10 mg/mL. The
purified mouse IgG1 k isotype control (MOPC-31C, BD Biosciences)
was used as negative control.

Sera and plasma samples of melanoma patients
A total of 151 Sera and plasma samples were obtained from

melanoma patients in the ECOG phase II randomized trial E1608
sponsored by NCI (NCT01134614) comparing ipilimumab plus sar-
gramostim with ipilimumab alone (21). Inclusion and exclusion

criteria, such as demographic, geographic, and clinic characteristics,
were established for the study participants. The patients’ baseline
characteristics, including age, weight, sex, and pathologic stage, have
been summarized. Sera and plasmawere processed from the peripheral
blood of the patients in the ECOG-ACRIN Immunology Reference
Laboratory at the University of Pittsburgh Cancer Center. Sera and
plasma were collected by centrifugation and stored in a monitored
�80�C freezer. Specimens were analyzed via ELISA from 78 patients
receiving ipilimumab plus sargramostim (arm A) and 73 patients
receiving ipilimumab (arm B used as control; Table 1).

To deplete sICOS protein from patient serum samples with a high
abundance of sICOS, 12 mL of serum sample was diluted to 90 mL with
1� PBS and incubated with 3 mg of ICOS monoclonal antibody
(C398.4A, BioLegend) for 2 hours at 4�C to form an immune complex.
The solution containing the immune complex was then added to the
immunoaffinity protein G Sepharose spin column (Previously equil-
ibrated in 1� PBS; 28903134, Cytiva) and incubated at room tem-
perature for 1 hour. The column was centrifuged at 10,000 rpm for 1
minute, and the flow-through fraction representing the sICOS-
depleted serum was collected in a clean tube. Samples were further
concentrated with Vivaspin 500 centrifugal concentrator (28932218,
Cytiva) to the original volume. To keep other components the same as
in the depleted serum samples, the control serum samples without
depletion of sICOS were processed with the same procedures as
described above, except for replacing the incubation of the ICOS
monoclonal antibody with the incubation of the purified Armenian
Hamster IgG isotype control (HTK888, BioLegend).

ELISA
To evaluate soluble ICOS-SVs in the sera of melanoma patients or

cell culture supernatants, the Human ICOSDuoSet ELISA kit (DY169,
R&D Systems) was used according to the manufacturer’s protocol. In
brief, for sICOS in patient samples, 4 mg/mL of anti-ICOS capture
antibody (R&DSystems)was coated onCostar ELISAplates (Corning)
overnight at 4�C. The plates were thenwashed with PBS supplemented
with 0.05% Tween-20 three times and blocked with protein-free
blocking buffer (Pierce) for 6 hours. Patient sera or plasma were
diluted with PBS in a 1:1 volume ratio. 100 mL of the diluted patient
sample was added to each well and incubated overnight at 4�C. Plates
were then washed with PBS containing 0.05% Tween-20 six times and
incubated with 100 ng/mL of the biotinylated anti-ICOS detection
antibody (R&DSystems) in the protein-free blocking buffer for 2 hours
at room temperature. Plates were then washed with PBS containing
0.05%Tween-20 six times and incubatedwith streptavidin-HRP (R&D
Systems) diluted 1:200 in protein-free blocking buffer for 1 hour
at room temperature. After washing with PBS containing 0.05%

Table 1. Number of patients in each group by treatment arms in
the E1608 clinical trial.

Group
Arm A
(N ¼ 78)

Arm B
(N ¼ 73)

Overall
(N ¼ 151)

sICOS ratio group
High 29 (37.2%) 26 (35.6%) 55 (36.4%)
Low 49 (62.8%) 47 (64.4%) 96 (63.6%)

sICOS pregroup
High 40 (51.3%) 35 (48.0%) 75 (50.0%)
Low 38 (48.7%) 38 (52.0%) 76 (50.0%)

Note: Patients were divided into two groups according to post-/preratio (high/
low) or pretreatment baseline levels (high/low).
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Tween-20 six times, plates were developed by adding TMB (Pierce).
Samples were read at an optical density (OD) of 450 nm on a
Spectramax M3 microplate reader (Molecular Devices Corp). All
samples were assayed in duplicate. A standard curve with recombinant
human ICOS was performed with each assay. For sICOS in cell
supernatants: 4 mg/mL of anti-ICOS capture antibody (R&D Systems)
was coated on Costar ELISA plates (Corning) overnight at 4�C. The
plates were thenwashedwith PBS supplementedwith 0.05%Tween-20
three times and blocked with protein-free blocking buffer (Pierce) for
6 hours. Cell supernatants were diluted with PBS in a 1:1 volume ratio.
100 mL of the diluted samples was added to each well and incubated
overnight at 4�C. Plates were then washed with PBS containing 0.05%
Tween-20 six times and incubated with 100 ng/mL of the biotinylated
anti-ICOS detection antibody (R&D Systems) in the protein-free
blocking buffer for 2 hours at room temperature. Plates were then
washed with PBS containing 0.05% Tween-20 six times and incubated
with streptavidin–HRP (R&D Systems) diluted 1:200 in protein-free
blocking buffer for 1 hour at room temperature. After washing with
PBS containing 0.05% Tween-20 six times, plates were developed by
adding TMB (Pierce). Samples were read at an OD of 450 nm on a
Spectramax M3 microplate reader (Molecular Devices Corp). All
samples were assayed in duplicate. A standard curve with recombinant
human ICOS was performed with each assay.

To determine human IL12 p40, IL12p70, TNFa, and IFNg in cell
culture supernatants, IL12 p40 (430701), IL12 p70 (431701), TNFa
(430201), and IFNg (430101) ELISA kits purchased from BioLegend
were used according to the manufacturer’s protocols, respectively. In
brief, each of the capture antibodies against the proteins (BioLegend)
abovewas 1:200 dilutedwith PBS in 100 mL volume/well and coated on
Costar ELISA plates (Corning) overnight at 4�C. The plates were then
washed with PBS supplemented with 0.05% Tween-20 three times and
blocked with protein-free blocking buffer (Pierce) for 2 hours. Cell
culture supernatants were diluted with PBS in a 1:1 volume ratio.
100 mL of the diluted sample was added to each well and incubated
2 hours at 4�C. Plates were then washed with PBS containing 0.05%
Tween-20 six times and incubatedwith the corresponding biotinylated
detection antibody (BioLegend) 1:200 diluted in the protein-free
blocking buffer for 1 hour at room temperature. Plates were then
washed with PBS containing 0.05% Tween-20 four times and
incubated with streptavidin–HRP (BioLegend) diluted 1:1000 in
protein-free blocking buffer for 0.5 hours at room temperature.
After washing with PBS containing 0.05% Tween-20 four times,
plates were developed by adding TMB (Pierce). Samples were read
at an OD of 450 nm on a Spectramax M3 microplate reader
(Molecular Devices Corp). All samples were assayed in duplicate.
A standard curve with recombinant human IL12-p40, IL12-p70,
TNFa, or IFNg was performed with each assay, respectively.

Statistical analysis
ELISAs were performed in duplicate to determine sICOS levels in

patient serum samples and culture supernatants. Clinical data were
obtained from the ECOG1608 trial (21). Kaplan–Meier plots, along
with log-rank tests, were used to compare overall survival (OS) and
progression-free survival (PFS) between different sICOS ratio groups.
The Fisher exact test was used to compare overall response and
nonprogressive response. For the sICOS ratio of post/pretreatment,
the cutoff values of post-/preratio were explored from median to 75%
quantile with 0.1 increments to dichotomize the ICOS ratio as high
versus low, and 2.2 as the cutoff value was selected. Patients’ samples
were taken before treatment and 3 months posttreatment. All statis-
tical analysis was performedwithPrism software 9.2.0 (GraphPad) and

statistical significance was determined where the P value was less than
�, 0.05; ��, 0.01; ���, 0.001; ����, 0.0001, or ns, not significant, when the
P value was more than 0.05. Standard deviation (SD) is shown in the
graphs. A two-tailed paired t test was used for comparison of two
groups with paired samples. A two-tailed unpaired t test was used for
comparison of two unpaired groups. A one-way ANOVAwas used for
single comparisons with more than two groups.

Data availability
The data generated in this study are available in the article and its

supplementary data files, or upon reasonable request from the corre-
sponding author.

Results
Comparison between ICOS-FL and ICOS-SV

Two isoforms of human ICOS have been previously identified, the
ICOS-FL (1) and the ICOS-SV (12). The cDNA sequences of the two
ICOS isoforms, amino acids, and 50UTR were searched via the
Ensembl genome browser and UniProt. A comparison was performed
in parallel between these two isoforms. The human ICOS-FL consists
of 5 exons and encodes a 199 amino acid protein, and the transmem-
brane domain (TM) is located in exon 3 (Fig. 1A). ICOS-SV harbors a
96-base pair (bp) deletion from nucleotide (nt) 569 to nt 664 of ICOS,
followed by a 3-bp addition, which removes 32 out of 38 amino acid
residues in the C-terminal end of the intracellular domain and adds
one additional residue of methionine to the end of the protein
(Fig. 1B). The splice occurs from the end of exon 3 (encodes the TM
domain) to the beginning of exon 5, deleting entire exon 4 and part of
exon 5, resulting in the removal of most of the cytoplasmic domain.
Furthermore, the 50UTR of ICOS-SV lacks 32 nucleotides compared
with the 50UTR of ICOS-FL.

Secretion of the ICOS-SV
To determine whether the ICOS-SV is a secreted or membrane-

bound protein, the cDNAs of human ICOS-SV and ICOS-FL were
cloned via RT-PCR with total RNA isolated from healthy volunteer’s
peripheral activated T cells (Fig. 2A). The cDNAs were constructed
into a bicistronic GFP retroviral vector and pMSCV-IRES-EGFPII
(pMIG II), respectively. The cDNA sequences of ICOS-FL and ICOS-
SV were validated by Sanger sequencing (Fig. 2B and C). 293T
cells, which lack endogenous ICOS, were transduced with the recom-
binant retroviral vector encoding either ICOS-SV or ICOS-FL. GFPþ

cells were sorted via FACS, and purified cells transduced with different
retroviral vectors were obtained. Sorted GFPþ cells were cultured
to assess cell growth and expansion. Subsequently, immunoblot
analysis, ELISA, immunoprecipitation (IP)-SDS-PAGE-immunoblot,
and flow cytometry analyses were conducted with the sorted GFPþ

cells. ICOS-FL–overexpressing cells exhibited a very strong ICOS
protein signal compared with ICOS-SV-overexpressing cells or
empty vector–transduced cells (Fig. 2D). In comparison, ICOS-SV–
overexpressing cells showed a dim ICOS protein signal with smaller
molecular weight than that of ICOS-FL due to its truncation. A
sandwich ELISA assay was conducted to determine if ICOS protein
can be secreted into the supernatant of the cultured 293T cells
transduced with the ICOS-SV retroviral vector. Supernatant collected
from the cells transducedwithGFP-empty lentiviral vector was used as
a negative control. A high concentration of the sICOS-SV protein was
detected in culture supernatants from ICOS-SV–overexpressing
cells. However, sICOS protein was undetectable in the supernatants
of negative control and ICOS-FL–overexpressing cells (Fig. 2E).
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Moreover, an immunoprecipitation-immunoblot assay was performed
to confirm ICOS-SV protein in the culture supernatants. Truncated
ICOS-SVwas detected in ICOS-SV–overexpressing cells, butnoprotein
was detected in the supernatants derived from the negative control and
ICOS-FL–overexpressing cells (Fig. 2F). In addition, we investigated
whether residual ICOS-SV could be detected and quantified the
protein abundance on the cell surface by flow cytometry using 293T
cells transduced with ICOS-SV retroviral vector. The 293T cells

transduced with ICOS-FL or empty retroviral vector were used as
positive control and negative control, respectively. The fluorescence
intensity of surface ICOS on the cells transduced with ICOS-FL was
significantly higher compared with negative control. In contrast, the
fluorescence intensity on the cells transduced with ICOS-SV was
significantly less than the ICOS-FL–transduced cells (Supplemen-
tary Fig. S1A and S1B). Taken together, these results indicated that
the majority of ICOS-SV can be secreted extracellularly.

Exon 1 Exon 3Exon 2 Exon 4 Exon 5

5’UTR 3’UTR3’UTR

Untranslated region Coding sequence

nt 569 nt 664

Splicing region

ATGAAGTCAGGCCTCTGGTATTTCTTTCTCTTCTGCTTGCGCATTAAAGTTTTAACAGGAGAAATCAATGGTTCTGCCAATTATGAGATGTTTATATTTCACAACGGAGGTGTACAAATTTTATGCAAATATCCTGACATTGTCC
AGCAATTTAAAATGCAGTTGCTGAAAGGGGGGCAAATACTCTGCGATCTCACTAAGACAAAAGGAAGTGGAAACACAGTGTCCATTAAGAGTCTGAAATTCTGCCATTCTCAGTTATCCAACAACAGTGTCTCTTTTTTTCTA
TACAACTTGGACCATTCTCATGCCAACTATTACTTCTGCAACCTATCAATTTTTGATCCTCCTCCTTTTAAAGTAACTCTTACAGGAGGATATTTGCATATTTATGAATCACAACTTTGTTGCCAGCTGAAGTTCTGGTTACCCAT
AGGATGTGCAGCCTTTGTTGTAGTCTGCATTTTGGGATGCATACTTATTTGTTGGCTTACAAAAAAGAAGTATTCATCCAGTGTGCACGACCCTAACGGTGAATACATGTTCATGAGAGCAGTGAACACAGCCAAAAAATCTA
GACTCACAGATGTGACCCTATAA

ATGAAGTCAGGCCTCTGGTATTTCTTTCTCTTCTGCTTGCGCATTAAAGTTTTAACAGGAGAAATCAATGGTTCTGCCAATTATGAGATGTTTATATTTCACAACGGAGGTGTACAAATTTTATGCAAATATCCTGACATTGTCC
AGCAATTTAAAATGCAGTTGCTGAAAGGGGGGCAAATACTCTGCGATCTCACTAAGACAAAAGGAAGTGGAAACACAGTGTCCATTAAGAGTCTGAAATTCTGCCATTCTCAGTTATCCAACAACAGTGTCTCTTTTTTTCTA
TACAACTTGGACCATTCTCATGCCAACTATTACTTCTGCAACCTATCAATTTTTGATCCTCCTCCTTTTAAAGTAACTCTTACAGGAGGATATTTGCATATTTATGAATCACAACTTTGTTGCCAGCTGAAGTTCTGGTTACCCAT
AGGATGTGCAGCCTTTGTTGTAGTCTGCATTTTGGGATGCATACTTATTTGTTGGCTTACAAAAAAG[AAGTATTCATCCAGTGTGCACGACCCTAACGGTGAATACATGTTCATGAGAGCAGTGAACACAGCCAAAAAATCTA
GACTCACAGATGTGACCCTA] ATGTGA

*

MKSGLWYFFLFCLRIKVLTGEINGSANYEMFIFHNGGVQILCKYPDIVQQFKMQLLKGGQILCDLTKTKGSGNTVSIKSLKFCHSQLSNNSVSFFLYNLDHSHANYYFCNLSIFDPPPFKVTLTG
GYLHIYESQLCCQLKFWLPIGCAAFVVVCILGCILICWLTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTL

MKSGLWYFFLFCLRIKVLTGEINGSANYEMFIFHNGGVQILCKYPDIVQQFKMQLLKGGQILCDLTKTKGSGNTVSIKSLKFCHSQLSNNSVSFFLYNLDHSHANYYFCNLSIFDPPPFKVTLTG
GYLHIYESQLCCQLKFWLPIGCAAFVVVCILGCILICWLTKKM stop

[CGAGAGCCTGAATTCACTGTCAGCTTTGAACA]CTGAACGCGAGGACTGTTAACTGTTTCTGGCAAAC

CGAGAGCCTGAATTCACTGTCAGCTTTGAACACTGAACGCGAGGACTGTTAACTGTTTCTGGCAAAC

ICOS full length

ICOS splice variant

A

B

C

b1

b2

b3

b4

b5

b6

*

*

Signal

Extracellular domain Intracellular domainTMSignal

Extracellular domain TM

TM

Splicing region

1 140 161 199

168

20

1 14020

ICOS full length

ICOS splice variant

Figure 1.

Comparison between human ICOS full length and splice variant.A, Schematic representation of full length and spliced variant of human ICOS. The full length of ICOS
consists of 5 exons. The gray boxes denote untranslated regions, and the black boxes denote coding sequences. The transmembrane domain (TM) is located in exon 3
and labeledwith a green bar. The splicing region is shown in red.B,Comparison of cDNAnucleotide sequences, amino acid sequences, and 50UTR sequences between
ICOS-FL and the splice variant. Nucleotide sequences of cDNA for ICOS-FL (b1) and the splice variant of ICOS (b4) are represented; spliced region of ICOS is shown in
red and delineated by red brackets; the nucleotides and amino acids of TM are shown in green. Asterisk indicates the stop codon. Amino acid sequences of full length
of ICOS (b2) and the splice variant of ICOS (b5) are shown. The underline depicts additional differences in amino acid sequence compared with ICOS-FL. “Stop”
represents a stop codon. 50UTR sequences of ICOS-FL (b3) and the splice variant of ICOS (b6) are shown. The 50UTR of the ICOS-SV lacks 32 nucleotides compared
with the 50UTRof ICOS-FL shown in red anddelineatedby redbrackets.C,Schematic diagramof ICOS-FL and the ICOS-SVprotein. Thirty-twoout of 38 amino acids in
the intracellular domain are spliced, as shown in red.
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Suppressive effects of sICOS-SV on T-cell costimulation via the
ICOS/ICOSL axis

Soluble ICOS-SV is capable of binding ICOSL (ICOS ligand) on
cells and competes with membrane-bound ICOS for binding to
ICOSL, thereby inhibiting T-cell proliferation. To study this, a retro-
viral vector overexpressing an ICOS-SV-Fc fusion protein was con-
structed, and the recombinant Fc fusion protein, ICOS-SV Ig, was
successfully purified (Supplementary Fig. S2). In addition, ICOSL-

negative CHO-K1 cells were transduced with either ICOSL-expressing
lentiviral vector or empty lentiviral vector as a control, and expression
of ICOSL on the cell surface was examined by flow cytometry. ICOSL
was highly detectable in transduced CHO-K1 cells (Fig. 3A). Next, the
binding capacity of sICOS-SV Ig, control Ig, or PD-1 Ig to ICOSL-
expressing CHO-K1 cells was evaluated by flow cytometry. Soluble
control Ig was used as a negative control and PD-1 Ig was used as
another negative control because it does not bind to ICOSL. Soluble
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Figure 2.

Secretion of the ICOS-SV from ICOS-SV–overexpressing cells. A, RT-PCR to detect the ICOS-SV in human T cells. Total RNA was isolated from purified T cells in
PBMCs of a healthy donor. Expression of the ICOS variant was examined by RT-PCR with specific primers. RT-PCR of ICOS-FL is shown as a control. B, DNA
sequencing of ICOS-SV cDNA from human T cells. The cDNA of the PCR product was cloned into a TOPO TA vector. The ICOS-SV was confirmed by DNA
sequencing using an M13 forward primer. Splicing point is shown by the red arrow. C, DNA sequencing of ICOS-FL cDNA is shown as a control. No splicing
occurs in the region corresponding to the position in (B), as shown in blue. D, Expression of ICOS-SV and ICOS-FL in 293T cells determined by immunoblot.
293T cells were transduced with recombinant GFP retroviral vector encoding either ICOS-SV or ICOS-FL as a positive control. The parental cells and the
GFP-empty vector–transduced cells were used as negative controls. Sample loading was normalized to actin. E, Cell culture supernatants were collected
from the cells described in (A). Secreted ICOS-SV was examined by ELISA. Two-tailed unpaired t test was used to compare ICOS secretion between the
two groups. ��� , P < 0.001. Standard deviation of the mean (SD) is shown. F, To validate the secreted ICOS variant protein in the cell supernatant,
immunoprecipitation, SDS-PAGE, and immunoblotting assays were performed. Sample loading was normalized to cell numbers.

Li et al.

Cancer Immunol Res; 11(8) August 2023 CANCER IMMUNOLOGY RESEARCH1106



B CA

GFP-ICOSL
 GFP-empty vector

ICOSL

%
 o

f M
ax

GFP+

 IgG1 Ig + CHO-GFP-ICOSL
 PD-1 Ig + CHO-GFP-ICOSL
 ICOS-SV Ig + CHO-GFP-ICOSL

Isotype control stain
Isotype control stain

GFP+

hIgG1 Fc
%

 o
f M

ax
0%

13%

37%

32%

 ICOS-SV Ig + CHO-GFP-Vector

10%

CD154

%
 o

f M
ax

%
 C

D
15

4+  T
 c

el
ls

 

D

E
pAKT

pan-AKT

 CHO-ICOSL−

CHO-ICOSL+

 ICOS-SV Ig

IgG1 Ig

 PD-1 Ig

+ – – –
+ + ++ + – –– – – +– – + –

–

0

2,000

4,000

6,000

 CHO-ICOSL–

CHO-ICOSL+

 ICOS-SV Ig

IgG1 Ig

 PD-1 Ig

+ – – –
+ + ++ + – –– – – +– – + –

–

H

G

Isotype control stain
 IgG1 Ig + CHO-ICOSL−
 IgG1 Ig + CHO-ICOSL+
 PD Ig + CHO-ICOSL+
 ICOS-SV Ig + CHO-ICOSL+

CD69

%
 o

f M
ax

I

%
 C

D
69

+  
T 

ce
lls

 
F

Isotype control stain
 IgG1 Ig + CHO-ICOSL−
 IgG1 Ig + CHO-ICOSL+
 PD Ig + CHO-ICOSL+
 ICOS-SV Ig + CHO-ICOSL+

0

10

20

30

40

50

0

10

20

30

40

0%

6.8%

25.8%

25.6%

9.1%

3H
 T

dR
 in

co
rp

or
at

io
n 

(c
.p

.m
)

Figure 3.

Suppressive effects of sICOS-SV on the costimulation of T cells.A, CHO-K1 cells were transducedwith either ICOSL-expressing lentiviral vector or GFP-empty vector
(CHO-ICOSL�) as a negative control. Expression of ICOSL on the cell surface of CHO-K1was examined byflow cytometry using anti-ICOSL (open histogramwith solid
line) or lentivirus GFP-empty vector (open histogramwith dotted line). Isotype antibodywas used as a negative control (filled histogram).B, ICOSL-expressing CHO-
K1 cells were stained with ICOS-SV Ig (red line), control IgG Ig (blue line), or PD-1 Ig (orange line) and analyzed by flow cytometry. Both soluble control Ig and PD-1 Ig
were used as negative controls. GFP-empty vector-expression CHO-K1 cells stained with ICOS-SV Ig (green line) were used as another negative control for the
binding assay. Isotype antibody control was used as a negative control (grayfilled histogram).C,CD154 expressionwas determined by FACS analysis. Isotype control
antibody is shown in gray. Activated T cells treated with a suboptimal dose of anti-CD3 were incubated with control Ig þ CHO-ICOSL� cells (CHO cells transduced
with GFP-empty vector, blue), control IgþCHO-ICOSLþ cells (green), PD-1 Igþ CHO-ICOSLþ cells (red), or ICOS-SV IgþCHO-ICOSLþ cells (yellow). Both control Ig
and PD-1 Ig were used as negative controls. D, Two-tailed unpaired t test was used to compare expression of CD154 between two groups. �� , P < 0.01; ��� , P < 0.001.
Standard deviation of the mean (SD) is shown. E, CD69 expression was determined by FACS analysis. Isotype control antibody is shown in gray. Activated T cells
treated with a suboptimal dose of anti-CD3 were incubated with control Ig þ CHO-ICOSL� cells (CHO cells transduced with GFP-empty vector, blue), control Ig þ
CHO-ICOSLþ cells (green), PD-1 IgþCHO-ICOSLþ cells (red), or ICOS-SV IgþCHO-ICOSLþ cells (yellow). Both control Ig and PD-1 Igwere used as negative controls.
F, Two-tailed unpaired t test was used to compare expression of CD69 between the two groups. �� , P < 0.01; ��� , P < 0.001. Standard deviation of the mean (SD) is
shown. G, CHO cells transduced with GFP-empty vector (CHO-ICOSL�) were used as negative controls. Sample loading was normalized to total pan-Akt. H, T-cell
proliferation was determined by a [3H]-TdR thymidine incorporation assay. CHO cells transduced with empty vector (CHO-ICOSL�) were used as negative controls.
Two-tailed unpaired t testwas used to compare 3Huptakebetween the twogroups, respectively. � ,P<0.1. Standarddeviation of themean (SD) is shown. I,Schematic
diagram of ICOS/ICOSL costimulatory T-cell proliferation, as well as the blocking function of the sICOS-SV. Depicted are the cytoplasmic tail sequences of ICOS-FL
and sICOS-SV isoforms. The YMFM Src Homology 2 (SH2) binding motif in the cytoplasmic tail of the ICOS-FL is highlighted in pink. Upon ICOS engagement by the
ICOSL on CHO cells, the unique YMFM motif recruits a p85a and a p50a subunits of PI3K, resulting in the elevated phosphorylation of Akt, thereby inducing PI3K
activity. In contrast, the ICOS-SV, a truncated isoform lacking the YMFM motif in its cytoplasmic tail, cannot elicit phosphorylation of Akt. Consequently, it fails to
promote T-cell proliferation. The secreted ICOS-SV (red) competes with membrane-bound ICOS for binding to ICOSL, thereby blocking the interaction between
ICOSL and membrane ICOS. As a result, the sICOS-SV suppresses phosphorylation of Akt and T-cell proliferation, leading to the inhibition of T-cell immunity. The
diagram was created with BioRender.com. All data shown are representative of at least 2 independent experiments.

GM-CSF Effects on Soluble ICOS with Checkpoint Blockade

AACRJournals.org Cancer Immunol Res; 11(8) August 2023 1107



0 10 20 30 40 50
Progression-free survival time (month)

0.0

0.2

0.4

0.6

0.8

1.0

S
ur

vi
va

l p
ro

ba
bi

lit
y

Low levelHigh levelICOS Ratio group

+ Censored

Product-Limit survival estimates

0 10 20 30 40
Progression-free survival time (month)

0.0

0.2

0.4

0.6

0.8

1.0

S
ur

vi
va

l p
ro

ba
bi

lit
y

S
ur

vi
va

l p
ro

ba
bi

lit
y

S
ur

vi
va

l p
ro

ba
bi

lit
y

S
ur

vi
va

l p
ro

ba
bi

lit
y

S
ur

vi
va

l p
ro

ba
bi

lit
y

S
ur

vi
va

l p
ro

ba
bi

lit
y

S
ur

vi
va

l p
ro

ba
bi

lit
y

Low levelHigh levelICOS Ratio group

+ Censored

Product-Limit survival estimates

Product-Limit survival estimates Product-Limit survival estimates

Product-Limit survival estimates Product-Limit survival estimates

Product-Limit survival estimates Product-Limit survival estimates

0 20 40 60 80
Overall survival time (month)

0.0

0.2

0.4

0.6

0.8

1.0

Low levelHigh levelICOS Ratio group

+ Censored

0 20 40 60 80
Overall survival time (month)

0.0

0.2

0.4

0.6

0.8

1.0

Low levelHigh levelICOS Ratio group

+ Censored

KM plot for PFS in arm B (P = 0.3920)

KM plot for OS in arm A (P = 0.1296) KM plot for OS in arm B (P = 0.9418)

KM plot for PFS in arm A (P = 0.0052)

ICOS ratio high level
ICOS ratio low level

B

A

C

D

0 10 20 30 40 50
Progression-free survival time (month)

0.0

0.2

0.4

0.6

0.8

1.0

Low levelHigh levelICOS pre-group

+ Censored

0 10 20 30 40
Progression-free survival time (month)

0.0

0.2

0.4

0.6

0.8

1.0

Low levelHigh levelICOS Pre group

+ Censored

KM plot for PFS in arm B (P = 0.3084)

0 20 40 60 80
Overall survival time (month)

0.0

0.2

0.4

0.6

0.8

1.0

Low levelHigh levelICOS pre-group

+ Censored

0 20 40 60 80
Overall survival time (month)

0.0

0.2

0.4

0.6

0.8

1.0

Low levelHigh levelICOS pre-group

+ Censored

KM plot for PFS in arm A (P = 0.9598)

KM plot for OS in arm A (P = 0.3723) KM plot for OS in arm B (P = 0.7519)
ICOS pre–high level
ICOS pre–low level

Li et al.

Cancer Immunol Res; 11(8) August 2023 CANCER IMMUNOLOGY RESEARCH1108



ICOS-SV Ig, but not control Ig or PD-1 Ig, could specifically bind to
cell-surface ICOSL (Fig. 3B). Additionally, sICOS-SV Ig specifically
blocked the binding of ICOSL to cell-surface ICOS induced on
activated T cells isolated from healthy donor PBMCs (Supplementary
Fig. S3).

To investigate the effects of sICOS-SV Ig on T-cell costimulation
induced by ICOS/ICOSL engagement, T cells were purified from
human PBMCs of healthy donors and stimulated with a suboptimal
dose of monoclonal anti-CD3 for 24 hours for the induction of
membrane-bound ICOS. The activated T cells were then cocultured
with ICOSL-expressing CHO-K1 cells in the presence of either control
Ig, PD-1 Ig, or ICOS-SV Ig. PD-1 Ig was used as the second negative
control instead of CTLA-4 Ig because CTLA-4 has been reported to
bind to ICOSL (26). The functional effects of ICOS-SV Ig on CD154
(CD40 ligand), CD69, phosphorylation of PI3K/Akt, and T-cell
proliferation were determined by flow cytometry analysis, immuno-
blot, and incorporation of [3H] TdR, respectively. Upregulation of
CD154, CD69, PI3K/pAkt, and T-cell proliferation induced by ICOS/
ICOSL signaling pathway was eliminated by ICOS-SV Ig, but not
control Ig or PD-1 Ig, indicating that the competition of ICOS-SV Ig
was specific (Fig. 3C–H). These data indicate that sICOS-SV Ig
inhibits ICOS/ICOSL axis-mediated costimulatory effects on T cells.
To summarize the ICOS/ICOSL costimulatory T-cell proliferation and
the blocking function of the sICOS-SV on this pathway, a schematic
diagram was drawn (Fig. 3I).

Changes in sICOS correlate with clinical outcomes in melanoma
patients treated with ipilimumab plus GM-CSF but not
ipilimumab alone

We next investigated the immunologic function and characteriza-
tion of sICOS-SV and assessed whether the changes in sICOS had
clinical significance in melanoma patients treated with ipilimumab
plus GM-CSF versus ipilimumab alone. We previously reported that
upregulation of membrane ICOS expression on peripheral CD4þ and
CD8þ T cells was greater in the patients treated with GM-CSF plus
ipilimumab (arm A) versus ipilimumab alone (arm B; ECOG 1608;
ref. 21), suggesting that GM-CSF enhances membrane ICOS expres-
sion on T cells. Here, to study how GM-CSF influenced the sICOS
isoform in melanoma patients, plasma specimens from 78 patients at
pretreatment and 3 months posttreatment in arm A and from 73
patients in arm B were evaluated to assess the relationship between
sICOS ratio (post/pre) and PFS and OS (Table 1). In arm A, but not
arm B, the sICOS ratio (post/pre) dichotomized at 2.2 negatively
correlated with PFS (P¼ 0.0052; Fig 4A). Similarly, in arm A, but not
arm B, there is a trend toward a negative correlation between sICOS
ratio (cutoff 2.2) and OS (P ¼ 0.1296; Fig. 4B). Our data suggest that
patients in arm A with increased sICOS ratios had poorer clinical
outcomes. To evaluate if pretreatment sICOS affected clinical out-
comes, PFS and OS for the E1608 clinical trial were analyzed in the
context of baseline sICOS (high vs. low). Kaplan–Meier plots for PFS
or OS and corresponding P values in each arm are shown in Fig. 4C

andD, respectively. This result indicated that the baseline sICOS levels
did not correlate with clinical outcomes in the clinical trial (Fig. 4C
and D). The median PFS and OS for patients in the E1608 trial are
listed in Supplementary Table S1.

GM-CSF plays an essential role in the differentiation and
development of MoDCs

Previous findings (21) prompted us to investigate themechanism by
which GM-CSF promoted T-cell activation/proliferation and induced
membrane-bound ICOS expression in T cells. GM-CSF is known to
play an important role inDCdevelopment, and it has been investigated
in variousmodel systemswithdifferent precursor cell types (17, 27, 28).
Here, an MLR was used to evaluate T-cell reactivity and ICOS
induction by allogeneic MoDCs generated by GM-CSF/IL4. First, we
investigated whether GM-CSF/IL4 had a stimulatory effect on the
differentiation and development of immature DCs (iDC) in vitro,
which served as the prerequisite for downstream experiments evalu-
ating allogenic T-cell reactivity. CD14þ monocytes were purified with
magnetic beads from human PBMCs isolated from the peripheral
blood of healthy donors and cultured in vitro with GM-CSFþ IL4 for
6 days. The Mo-iDCs were matured with LPS for 24 hours. On day 7,
costimulatory molecules CD80, CD86, mature DC marker CD83, and
ICOSL were assessed. Gating on the CD14�HLA-DRþCD11cþ cells,
the expression ofCD80,CD86, andCD83 inGM-CSF/IL4–drivenDCs
was much higher than that in control monocytes (Supplementary
Fig. S4A–S4F). To verify the specificity of GM-CSF’s impact on the
generation of MoDCs, anti-CD116 (GM-CSF receptor alpha) was
added to the purified CD14þ monocytes in the presence of GM-CSF/
IL4. Anti-CD116 abrogated the effects ofGM-CSF on the development
of DCs (Supplementary Fig. S4A–S4F). Significantly higher levels of
IL12p70 (Supplementary Fig. S4G) and IL12p40 (Supplementary
Fig. S4H) were detected in the supernatants of GM-CSF/IL4-driven
DCs compared with control and anti-CD116–treated cells. To deter-
mine if ICOSL expression could be regulated by GM-CSF in the DCs,
we determined cell-surface ICOSL protein levels on CD14�HLA-
DRþCD11Cþ cells by flow cytometry. Our data showed that ICOSL
was not upregulated by GM-CSF (Supplementary Fig. S5).

GM-CSF enhancesmembrane-bound ICOS expression on T cells
and promotes T-cell priming by DCs

To evaluate T-cell activation in the MLR assays, the expression of
membrane-bound ICOS, GITR, and CD25 on the activated CD4þT
cells was examined by flow cytometry. Purified CD4þ from PBMCs,
used as “responders,” were cocultured with various allogeneic DCs
(control DCs, GM-CSF/IL4þ hIgG-driven DCs, GM-CSF/IL4þ anti-
CD116–driven DCs) serving as “stimulators” for 6 days. GM-CSF/IL4
þ hIgG-driven DCs induced significantly higher levels of ICOS, GITR,
and CD25 expression on CD4þ T cells compared with control DCs
(Fig. 5A and B). The allogeneic DCs generated by GM-CSF/IL4 þ
anti-CD116 showed similar effects on T-cell activation compared with
control DCs.

Figure 4.
Kaplan–Meier (KM) survival curves for PFS and OS in the E1608 clinical trial. A, KM plot for the correlation between progression-free survival (PFS) and sICOS ratio
(post/pre) for patients in arm A and arm B of the E1608 clinical trial. Left, red curve represents 29 patients; blue curve represents 49 patients. Right, red curve
represents 26 patients; blue curve represents 47 patients. B, KM plot for the correlation between overall survival (OS) and sICOS ratio (post/pre) for patients in the
E1607 trial. Left, red curve represents 29 patients; blue curve represents 49 patients. Right, red curve represents 26 patients; blue curve represents 47 patients.C,KM
plot for the correlation between PFS and sICOS pretreatment baseline levels in arm A (P¼ 0.9598) and arm B (P¼ 0.3084). Left, red curve represents 40 patients;
blue curve represents 38 patients. Right, red curve represents 35 patients; blue curve represents 38 patients. D, KM plot for the correlation between OS and sICOS
pretreatment baseline levels in arm A (P¼ 0.3723) and arm B (P¼ 0.7519). Left, red curve represents 40 patients; blue line curve represents 38 patients. Right, red
curve represents 35 patients; blue curve represents 38 patients. Log-rank was used for PFS and OS analysis. Arm A: ipilimumabþ GM-CSF treatment group; arm B:
ipilimumab-alone treatment group. The cutoff value of the sICOS ratio (post-/pretreatment) was 2.2.
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To evaluate the impact of IL12 produced by GM-CSF/IL4–driven-
DCs on ICOS expression by allogenic CD4þT cells, blocking anti-IL12
(p70/p40) was administered in the MLR assay of GM-CSF/IL4-driven
DC group. The results show that ICOS expression was reduced in the

presence of anti-IL12 compared with the control group (Supplemen-
tary Fig. S6A). IFNg and TNFa secretion was significantly greater in
MLRs containingGM-CSF/IL4–drivenDCs than thosewith otherDCs
(Supplementary Fig. S6B–S6C). To determine if GM-CSF/IL4–driven
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Figure 5.

sICOS frommelanoma patients inhibits T-cell activation and proliferation induced by GM-CSF–driven DCs in MLRs. A, CD4þ T cells (responders) were stimulated by
allogeneic GM-CSF–driven MoDCs (stimulators: negative control DCs, DCs generated by GM-CSF/IL4þ anti-IgG, or DCs generated by GM-CSF/IL4þ anti-CD116) in
MLRs. T cells were assessed for activation via flow cytometry using anti-ICOS (blue), anti-GITR (green), or anti-CD25 (gray). Isotype control antibodies were used as
negative controls.B, Statistical analysis of the percentage of CD4þICOSþ, CD4þGITRþ, andCD4þCD25þT-cell populations fromdifferent groups as described above.
C,Soluble ICOS levelswere determinedbyELISAusing supernatants from theMLRs described above.D–E,Serum from sICOS-high and sICOS-negative patientswere
added to theMLRs, and T-cell proliferation (D) andCD69expression (E)were evaluated. Additionally, sICOSwasdepleted from sICOS-high serum to assess its effects
on T cells. F, Statistical analysis of the percentage of CD4þCD69þ T-cell populations from different groups as described above. All data shown are representative of
at least 2 independent experiments. Two-tailed unpaired t test was used between the two groups. �� , P < 0.01; ��� , P < 0.001; ���� , P < 0.0001; ns, not significant
(P > 0.05). Standard deviation of the mean (SD) is shown.
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DCs induced sICOS levels in CD4þ T cells from the MLRs, ELISAs
were performed. Soluble ICOS was increased with GM-CSF/IL4–
driven DCs compared with the other DCs, but was not statistically
significant (P > 0.05; Fig. 5C).

Next, the allogeneic proliferation of T cells by GM-CSF/IL4–driven
DCs was examined in theMLRs. The allogeneic stimulator cells (DCs)
were treated with mitomycin C before coculturing with T cells. Cells
were pulsed with [3H] TdR. Allogeneic GM-CSF/IL4–driven DCs
induced T-cell proliferation compared with control DCs, and anti-
CD116 almost completely suppressed the ability of GM-CSF/IL4–
driven DCs to induce allogeneic T-cell proliferation (Supplementary
Fig. S6D).

We further investigated whether the ICOS/ICOSL axis was involved
in allogeneic T-cell proliferation, CD69 activation, and IFNg secretion
elicited by GM-CSF/IL4–driven DCs. To address this, sICOS-SV Ig
was used in the MLR assays. ICOS-SV Ig significantly inhibited T-cell
proliferation as determined by [3H] TdR incorporation (Fig. 5D),
CD69 expression by flow cytometry (Fig. 5E and F), and IFNg
production by ELISA (Supplementary Fig. S6E). We also examined
if sICOS from the sera of patients with melanoma showed similar
results. A representative patient’s serum with a high concentration of
sICOS and a representative patient’s serum negative for sICOS were
added to the above MLRs, respectively. Serum with high sICOS
exhibited a significant inhibitory effect on T-cell activation, similar
to that obtained by the addition of sICOS-SV Ig (Fig. 5E and F;
Supplementary Fig. S6E). In contrast, a negligible inhibition was
observed when the patient’s serum was negative for sICOS. Moreover,
to highlight the immunomodulatory capacity of serum sICOS from
patients with melanoma, serum with high sICOS levels was sICOS-
depleted and then used in the MLR assays. The depleted serum was
ineffective at inhibiting T-cell responses induced by GM-CSF–driven
DCs, as measured by [3H] TdR incorporation, flow cytometry, and
ELISA. These findings suggest that the ICOS/ICOSL axis constitutes a
critical costimulatory signaling pathway in the alloreactive T-cell
responses and that sICOS from patient serum is able to inhibit T-
cell stimulation.

Discussion
Although the alternatively spliced variant of ICOS was previously

identified (12), an improved understanding of its subcellular location,
biological effects, immunologic function, and clinical impact on cancer
immunotherapy is needed. In the current study, we demonstrated that
the majority of ICOS-SV can be secreted extracellularly, which is
consistent with the assertion in the UniProtKB (Q9Y6W8) stating it is
a secretory protein, whereas a minority remains on the cell surface.
Nevertheless, the minority of surface ICOS-SV would be nonfunc-
tional for T-cell activation and proliferation because the ICOS-SV is a
truncated isoform lacking the YMFMmotif in its cytoplasmic tail. The
YMFM motif has been shown to play an important role in enhancing
PI3K activity and T-cell activation (29, 30). In general, alternative
splicing of membrane proteins can cause an altered reading frameshift
and creates a premature stop codon before the transmembrane
domain, thereby resulting in the secretionof splice variants (24, 31–34).
In this ICOS variant, lacking most of the intracellular domain due to
splicing also results in secretion, implying that the intracellular domain
plays an important role in stabilizing ICOS on the cell surface. A
possible biological mechanism by which ICOS-SV with a transmem-
brane domain can be secreted includes a protein conformational
change due to the truncation of the cytoplasmic domain, resulting in
glycosylation and secretion. Likewise, our recent study identified

several secreted, soluble PD-L1 splice variants (24). In one of the
variants, named PD-L1-1, the splicing takes place in the cytoplasmic
tail following the TM domain. The resulting PD-L1-1 variant isoform
has a truncated short cytoplasmic tail and is expressed in both secreted
and membrane-bound forms (24).

ICOS-FL is a type I transmembrane glycoprotein containing an
extracellular immunoglobulin domain, a transmembrane domain, and
a cytoplasmic tail. Despite the overall similarity in the T-cell costi-
mulatory function between ICOS and CD28, ICOS exerts specific
functions on immune responses (1, 4, 5, 29, 30). The FDPPPF
consensus sequence located in the extracellular domain of ICOS is
essential for ICOSL-specific binding (1), whereas the MYPPPY con-
sensus sequence, which is not conserved in ICOS, is involved in the
binding of CD28 and CTLA-4 to B7-1 (CD80)/B7-2 (CD86; ref. 35).
ICOS-FL possesses the unique YMFM Src Homology 2 (SH2) binding
motif in its cytoplasmic tail. Upon ICOS ligation by the ICOSL, the
YMFM motif recruits a p85a catalytic subunit and a p50a regulatory
subunit of PI3K. Interestingly, ICOS ligation has been shown to
preferentially recruit the p50a to the immunologic synapse over the
p85a subunit (5, 29), leading to the increased phosphorylation of Akt,
and thereby inducing PI3K activity. Similarly, CD28 has a YMNMSH2
binding motif in the cytoplasmic tail. Although both ICOS and CD28
costimulation can activate the PI3K–Akt axis, ICOS/ICOSL engage-
ment is more robust than the CD28/B7 interaction in its capacity to
augment phosphorylation of Akt and PI3K activity (29, 30). The
PI3K/Akt signaling pathway is important for T-cell growth and
immune responses (36, 37). Thus, costimulation mediated by the
ICOS/ICOSL pathway is a potent activator and enhances T-cell
activation, proliferation, and survival, which has been evidenced in
previous investigations (4, 38, 39).

In contrast to ICOS-FL, ICOS-SV, a truncated isoform lacking the
YMFM motif in its cytoplasmic tail, would not be able to elicit the
phosphorylation of Akt and PI3K activity andwould fail to promote T-
cell proliferation and survival, even if the variant is partially expressed
on the cell membrane. We investigated the immunoregulatory effects
of sICOS in multiple signaling pathways. Our data demonstrated that
sICOS-SV competes with membrane-bound ICOS for binding to
ICOSL, thereby blocking the interaction between ICOSL and the
cell-surface ICOS-FL and significantly abrogates the upregulation of
CD154, CD69, Akt phosphorylation/PI3K activity, and T-cell prolif-
eration induced by the ICOS/ICOSL interaction, resulting in inhibition
of T-cell immunity.

In the current study, the circulating ICOS-SV ratios of post-/
pretreatment in patients with advanced melanoma treated with
GM-CSF in combination with immune checkpoint blockade (arm
A) correlated with survival outcomes but did not correlate in patients
treated with immune checkpoint blockade alone (arm B). The mech-
anism may involve sICOS-SV blocking activity to inhibit costimula-
tion via the ICOS/ICOSL axis. AlthoughGM-CSF in combinationwith
IL4 is used conventionally for the generation of MoDCs in vitro, it
has been reported that GM-CSF plays an essential role in the
differentiation of DC, whereas IL4 is known as an inhibitor of
macrophage colony formation, allowing optimal DC growth and
differentiation (40). GM-CSF enhanced IL12 cytokine production
by MoDCs, as well as the antigen-presenting potency of DCs,
reflected by the upregulation of membrane ICOS, GITR, and CD25
expression on the allo-stimulatory T cells, increased IFNg and
TNFa production, and the increased T-cell activity. Due to the
limitations of using PBMCs from the ECOG clinical trial, further
cellular analyses from patient samples, such as the determination of
the membrane ICOS on peripheral T cells, were not permitted.
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GM-CSF was able to enhance membrane-bound ICOS expression
but not sICOS-SV. GM-CSF exerts its biological functions through
binding to the GM-CSF receptor (GM-CSFR), a member of the type I
cytokine receptor superfamily composed of alpha and beta subunits.
The GM-CSF alpha chain is the major GM-CSF–binding subunit and
is specific for GM-CSF (41). CD116 antibody was capable of fully
blocking DC differentiation and maturation generated by GM-CSF/
IL4, as indicated by the downregulated expression of costimulatory
molecules, such as CD80, CD86, and CD83. In addition, administra-
tion of the CD116 antibody suppressed T-cell proliferation, inhibited
IFNg and TNFa production, and downregulated membrane-bound
ICOS, GITR, and CD25 expression on the alloreactive T cells after
MLR, suggesting that GM-CSF can specifically promote membrane-
bound ICOS induction on T cells via enhancing DC development and
differentiation. Moreover, IL12 has been reported to enhance cell-
surface ICOS expression on activated human CD4þ T cells (42).
Therefore, we proposed that GM-CSF could increase surface ICOS
expression levels through IL12 secreted by DCs. When IL12-neutral-
izing antibody was added to the GM-CSF/IL4 MLR cell cultures,
surface ICOS expression was significantly downregulated compared
with the isotype-matched control antibody group, suggesting thatGM-
CSF’s effect on the membrane-bound form of ICOS is partially
dependent on IL12.

In the present study, serum derived from melanoma patients with
high sICOS-SV levels blocked T-cell proliferation induced by MLR.
This supports the possible immunoregulatory functions of ICOS-SV
in vivo. Clinical correlates revealed that changes in the soluble ICOS-
SV were associated with patient outcomes in patients receiving GM-
CSF. The regulation of sICOS on T cells could be critical for the
mechanisms of sICOS-mediated immunosuppression that contrib-
ute to clinical outcomes. It is important to further investigate if
regulatory T cells or exhausted T effectors generate increased sICOS
levels compared with activated effector T cells. Although these
analyses are limited to a single data set in one clinical trial, data
warrant further investigation into sICOS-SV as a potential marker
for GM-CSF cytokine-directed treatments, as a prognostic biomark-
er for immunotherapy and as a potential target for future combi-
natorial approaches.
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