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The current study compared the levels and possible associations between systemic soluble immune checkpoints
(sICPs, n = 17) and a group of humoral modulators of immune suppressor cells (n = 7) in a cohort of patients
with basal cell carcinoma (BCC, n = 40) and a group of healthy control subjects (n = 20).

The seven humoral modulators of immunosuppressor cells were represented by the enzymes, arginase 1 and
fibroblast activation protein (FAP), the chemokine, RANTES (CCL5) and the cytokines, interleukin-10 and
transforming growth factor-p1 (TGF-p1), as well as the M2-type macrophage markers, soluble CD163 (sCD163)
and sCD206.

The plasma levels of six co-inhibitory sICPs, sCTLA-4, sLAG-3, sPD-1, sPD-L1, sTIM-3 and sPD-L2 were
significantly elevated in the cohort of BCC patients (p<0.001-p<0.00001), while that of sSBTLA was significantly
decreased (p<0.006). Of the co-stimulatory sICPs, sCD27 and sGITR were significantly increased (p <0.0002 and
Pp<0.0538) in the cohort of BCC patients, while the others were essentially comparable with those of the control
participants; of the dual active sICPs, sHVEM was significantly elevated (p<0.00001) and TLR2 comparable with
the control group. A correlation heat map revealed selective, strong associations of TGF-f1 with seven co-
stimulatory (z = 0.618468-0.768131) and four co-inhibitory (z = 0.674040-0.808365) sICPs, as well as with
sTLR2 (z = 0.696431).

Notwithstanding the association of BCC with selective elevations in the levels of a large group of co-inhibitory
sICPs, our novel findings also imply the probable involvement of TGF-p1 in driving immunosuppression in this
malignancy, possibly via activation of regulatory T cells. Notably, these abnormalities were present in patients
with either newly diagnosed or recurrent disease.

Background

Basal cell carcinomas (BCCs) are common, low-grade, localized cuta-
neous malignancies of keratinocytic origin. They are amenable to eradi-
cation by surgical excision as the preferred first-line treatment, as well as
by topical and systemic pharmacotherapy, radiotherapy, photodynamic
and other therapies [1]. Notwithstanding excessive exposure to ultraviolet
radiation, most prominently UVB, other immunosuppressive risk factors
for development of BCCs, include genetic predisposition and iatrogenic-
and age-related immune dysfunction. In the case of exposure of the skin to

UVB, this results in excessive release of epidermal neuropeptides from
neuronal c-fibers, which, in turn, trigger the release of histamine and other
pro-inflammatory/immunosuppressive mediators from dermal mast cells.
These events contribute to the development of various types of cutaneous
pathologies, including the non-melanoma cancers, BCC and squamous cell
carcinoma [2-5].

Because early disease is mostly responsive to standard treatments,
implementation of expensive and often prolonged immunotherapies is
usually considered unnecessary in the treatment of BCC, unlike that of
advanced, invasive solid and hematological malignancies. This scenario
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must, however, be viewed against the backdrop of BCC remaining the
most frequently diagnosed cancer globally, together with a rising inci-
dence among those aged 50 years and older [6,7]. Moreover, those who
have experienced frequent occurrences (>6) are at increased risk for the
development of malignancies at other anatomical sites [8,9]. Mecha-
nistically, this association of BCC with development of other types of
cancer has been linked to an increased prevalence of germline mutations
in DNA repair genes. These underpin and are indicative of “frequent BCC
development as an external marker of inherited cancer risk”. A potential
caveat, however, is that defective repair of damaged tumor DNA,
particularly defective mismatch repair, results in augmentation of tumor
immunogenicity due to an increased tumor mutational burden (TMB).
This, in turn, potentiates the anti-tumor efficacy of co-inhibitory im-
mune checkpoint (ICP)-targeted immunotherapy [10,11].

Immune checkpoints are of two major types, co-inhibitory and co-
stimulatory, with the former representing the primary targets of
monoclonal antibody (mAb)-based cancer immunotherapy. These are
most commonly PD-1 (programmed cell death protein 1, CD274) and its
ligand (PD-L1, CD279), as well as CTLA-4 (cytotoxic T-lymphocyte-
associated protein 4, CD152), and, more recently LAG-3 (lymphocyte
activation gene 3, CD223) and TIM-3 (T cell immunoglobulin and mucin
domain 3, CD366). These co-inhibitory ICPs are expressed on various
cell types in the tumor microenvironment (TME), including immune
suppressor cells of the adaptive and innate immune systems, as well as
tumor cells per se and cancer-associated fibroblasts, among others
[12-14]. In addition, co-inhibitory soluble ICPs (sICPs) have also been
detected in the systemic circulation of cancer patients with various types
of advanced malignancies, including, but not limited to, melanoma and
cancers of the breast, esophagus, head and neck, lung and stomach
[15-20].

These cell-free soluble variants of co-inhibitory ICPs are likely to
originate from the tumor per se, as well as from the heterogeneous
resident and infiltrating cells that populate the TME. They are derived
from proteolysis of the membrane-associated forms, or by formation of
functional, secreted isoforms resulting from alternative splicing of pre-
cursor mRNA [21,22]. Importantly, these systemic co-inhibitory sICPs
not only retain their immunosuppressive activities, but can also atten-
uate the therapeutic efficacy of ICP-targeted monoclonal antibodies
[23].

We have previously reported that the plasma levels of five co-
inhibitory sICPs, namely, CTLA-4, LAG-3, PD-1, PD-L1 and TIM3, are
markedly elevated in BCC patients compared to those in the plasma of a
group of healthy control participants [24]. However, measurements of
co-stimulatory sICPs, or of dual-active checkpoints were not undertaken
in this study [24]. Accordingly, the current study encompasses simul-
taneous measurement of an extended panel of all three categories of
sICPs using stored plasma from the same cohort of BCC patients and a
group of healthy control participants recruited to the original study
[24]. In addition, we have measured the plasma levels of seven humoral
immunosuppressive factors, which are positively linked to the activities
of various types of immune suppressor cells, namely the enzymes,
arginase 1 [25] and fibroblast activation protein (FAP) [26,27], the
chemokine, Regulated upon Activation Normal T cell Expressed and
Presumably Secreted (RANTES, CCL5) [28] and the cytokines, inter-
leukin (IL)—10 [29] and transforming growth factor-p1 (TGF-p1) [30],
as well as the M2-type macrophage markers, soluble CD163 (sCD163)
[31] and sCD206 [32]. These were correlated with the levels of the
various sICPs.

Patients

Ethics approval was granted by the Research Ethics Committee of the
Faculty of Health Sciences, University of Pretoria (Ethics Committee
Approval Number: 356/2020). Advance written informed consent was
obtained from all patients and control participants. The study popula-
tion consisted of 40 South African patients (12F:28 M; mean age +SD:
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Table 1
Numbers of patients with: a) distinct clinical types of basal cell carcinoma (BCC);
and b) basal cell carcinomas at distinct anatomical sites.

a. Clinical subtype of BCC b. Anatomical site

Adenoid (n = 1)* Cheek (n = 3)*
Basosquamous (n = 3) Chest (n = 2)
Infiltrating (n = 22) Ear (n=4)

Infiltrating with squamous differentiation (n = 4)”
Keratotic (n = 1)""

Micronodular (n = 2)

Nodular (n = 5)

Pigmented, nodular (n = 1)""""

Superficial (n = 1)°

Forearm (n = 4)

Forehead (n = 2)

Lower limb (n = 5)

Neck (n = 2)

Nose (n = 13)0

Shoulder (n = 1)

Temple (n = 2)

Upper anterior chest (n = 2)

" Numbers of patients are shown in parenthesis;.

T African patient; OAsian patient.

# Infiltrating with squamous differentiation = the presence of histopatho-
logical features of BCC with squamous differentiation;.

## Keratotic = BCC with focal areas of keratinization;.

### The pigmented BCC was nodular.

69.13 + 11.20 years) with BCC attending the Dermatology Screening
Clinic at Steve Biko Academic Hospital, Pretoria, South Africa. Patients
aged 18 years and older, with a histologically confirmed diagnosis of
BCC of varying subtypes were included. Those with known active acute
or chronic infections were excluded. Patients with a diagnosis of other
malignant tumors, which could potentially elevate the plasma levels of
soluble ICPs, were also excluded. Patients were almost exclusively of
Caucasian ethnicity (n = 38; 11F:27 M), as well as one female and one
male of African and Asian ethnicity, respectively. The various histo-
logical diagnoses [33] and anatomical sites of the malignancy are shown
in Table 1. Of these, 27 patients had newly diagnosed disease, and 13
patients had recurrent disease (8 patients with second lesions, 4 patients
with third lesions and 1 patient with a fourth lesion). As described by
Pampena et al., “infiltrative BCC mostly appeared on the head and neck
as an amelanotic hypopigmented plaque or papule, displaying ulcera-
tion on dermoscopic examination, along with arborizing and fine tel-
angiectasia. Shiny white structures were also frequently observed.
Multivariate analysis allowed us to define a clinical-dermoscopic profile
of infiltrative BCC” [34]. The control group consisted of 20 participants
(5F:15 M; mean age +SD: 49.95 + 14.59 years). The age difference
between patients and control participants was significantly different (p
= 0.00001), underscoring the difficulty in recruiting healthy, older
age-matched control subjects.

Micrographs of representative samples from three of our BCC pa-
tients with different subtypes of disease (infiltrating BCC with squamous
differentiation; micronodular BCC; and nodular BCC) are shown in
Supplementary Figures 1, 2 and 3.

Methods

Venous blood was collected in ethylenediaminetetraacetic acid
(EDTA) vacutainers in the morning between 08HOO and 10HOO and
processed within 30 min to separate the plasma component by centri-
fugation, which was then aliquoted and stored at minus 70 °C. Plasma
was used as the matrix for analysis of the sICPs and the other seven
biomarkers viz., arginase 1, FAP, RANTES, IL-10, TGF-p1, CD163 and
CD206, resulting in a total of 24 different biomarkers, as opposed to the
5 biomarkers analyzed in our original study.

Measurement of the soluble immune checkpoint proteins

A Human Immuno-Oncology Checkpoint Protein Panel (Milliplex®
MAP Kit, Merck, KgaA, Darmstadt, Germany), which included an
expanded range of sICPs relative to that which we had used previously in
the setting of BCC was applied to simultaneously determine the plasma
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concentrations of seven co-inhibitory sICPs, namely BTLA, CTLA-4, PD-
1, PD-L1, PD-L2, LAG-3 and TIM-3; eight co-stimulatory sICPs, namely
CD27, CD28, CD40, CD80, CD86, GITR, GITRL, and ICOS; and two dual-
active sICPs, namely HVEM and TLR2. The methodology was followed
as per the manufacturer’s instructions and as described previously [24].
The levels of the 17 sICPs were assayed using a Bio-Plex Suspension
Array platform (Bio-Rad Laboratories Inc., Hercules, CA, USA). The
Bio-Plex Manager software 6.0 was used for bead acquisition and anal-
ysis of median fluorescence intensity. The results are reported as pico-
grams (pg)/mL plasma. In addition to comparing plasma levels of the
soluble co-inhibitory and co-stimulatory immune checkpoints between
the entire cohorts of BCC patients and healthy controls, the following
additional sub-group analyses were also performed: i) a comparison of
the levels of the sICPs in BCC patients with newly diagnosed (n = 27) and
recurrent disease (n = 13); recurrent disease was defined as malignancy
that had returned at any site after a period of time during which the
patient was in remission following treatment; ii) associations of age with
plasma levels of the individual soluble immune biomarkers in the entire
cohort of BCC patients using age cut-off values of <70 and >70 years (n
= 20 in each sub-group with respective mean ages of 61+10 years and
77+3 years); and iii) measurement of the levels of the sICPs in BCC
patients with aggressive disease (infiltrative, infiltrative with squamous
differentiation, basosquamous and micronodular, n = 31) versus less
aggressive disease (nodular, adenoid, keratotic, pigmented and super-
ficial n = 9)

Measurement of arginase 1

A Human ARG1 ELISA Kit (E-EL-H0497, Elabscience, Houston, TX,
USA) was employed for measuring the levels of arginase 1 present in the
stored plasma samples. The methodology was followed as outlined by
the manufacturer. Briefly, standards and samples (100 uL) were added to
the appropriately designated wells of a 96-well plate. The plate was
sealed and incubated at 37 °C for 1.5 h. Following the incubation period,
the well contents were aspirated and 100 uL of biotinylated detection
antibody was immediately added to each well and the plate incubated
for an additional one hour at 37 °C. The plate was washed three times
using an automated plate washer (BioTek Instruments Inc. Winooski,
Vermont, USA). Horseradish peroxidase (HRP) conjugate working so-
lution (100 pL) was added to each well, and the plate incubated at 37 °C
for 30 min. The plate was then washed five times using an automated
plate washer, followed by the addition of 90 uL of substrate reagent to
each well, and the plate was incubated at 37 °C for an additional 15 min
protected from light. The reaction was stopped by the addition of stop
solution (50 uL) to each well and the optical density (OD) was measured
immediately at 450 nm using a plate spectrophotometer (BioTek In-
struments Inc.).

A standard curve, generated from the ODs obtained for the standards
of known concentration, was used to determine the concentration of
arginase 1 in the individual samples. Results are presented as nanograms
(ng)/mL.

Measurement of fibroblast activation protein

Fibroblast activation protein levels were determined in the stored
plasma samples using a Human Circulating Cancer Biomarker Kit (Mil-
liplex® MAP Kit, Merck, KgaA, Darmstadt, Germany). The methodology
was followed as described above for the immune checkpoint proteins.
The results are reported as pg/mL

Measurement of regulated upon activation normal T cell expressed and
presumably secreted

Levels of RANTES present in the stored plasma samples were deter-
mined using a Human RANTES ELISA Kit (E-EL-H6006, Elabscience,
Houston, TX, USA). The samples were diluted 20-fold and the

Translational Oncology 42 (2024) 101867

methodology was followed as outlined by the manufacturer and briefly
described above for the measurement of arginase 1. Results are pre-
sented as ng/mL.

Measurement of transforming growth factor-f1

Prior to the analysis of the plasma samples for TGF-p1 concentra-
tions, latent TGF-p1 was activated to the functional immuno-reactive
form by the addition of 40 pL 1 N hydrochloric acid (HCI) to 280 pL
of plasma diluted 8-fold. Following 10 min of incubation at room tem-
perature, the samples were neutralized by the addition of 40 pL 1.2 M
sodium hydroxide (NaOH)/ 0.5 M HEPES [4-(2-hydroatentxyethyl)—1-
piperazineethanesulfonic acid]. Samples were then immediately assayed
for TGF-f1 levels using a Human TGF- betal ELISA Kit (E-EL-0162,
Elabscience, Houston, TX, USA). The same methodology was followed as
described above for the arginase 1 ELISA. Results are presented as ng/
mL.

Measurement of interleukin-10

Plasma levels of IL-10 were determined using a Human IL-10 ELISA
Kit (E-EL-H6154, Elabscience, Houston, TX, USA). The samples were
diluted 2-fold and the methodology was followed as outlined above for
the measurement of arginase 1. Results are presented as pg/mL.

Measurement of CD163

A Human CD163 SimpleStep ELISA (ab274394, Abcam, Cambridge,
UK) was used to determine the concentration of CD163 in the stored
plasma samples. The methodology was followed as instructed by the
manufacturer. The standards and diluted samples (50 pL) were added to
the appropriate wells followed by the addition of 50 pL of antibody
cocktail. The plate was sealed and incubated at room temperature for
one h with gentle agitation (Thomas Scientific, Swedesboro, NJ, USA).
Following the incubation period, the plate was washed three times using
an automated plate washer (BioTek Instruments Inc.). A 100 uL volume
of 3,3,5,5-tetramethylbenzidine (TMB) development solution was
added to each well and the plate incubated, protected from light, for 10
min at room temperature. The reaction was stopped by the addition of
100 pL stop solution and the OD was measured immediately at 450 nm
using a plate spectrophotometer (BioTek Instruments Inc.). The results
are presented as pg/mL.

Measurement of CD206

Levels of CD206 were measured by means of a Human Mannose
Receptor ELISA (ab277420, Abcam). Following dilution (20-fold), the
samples and standards (100 pL) were added to the appropriate wells of
the antibody-coated plate provided. The plate was sealed and incubated
for 2.5 h at room temperature with gentle shaking (Thomas Scientific).
The plate was washed four times using an automated wash station
(BioTek Instruments Inc.) followed by the addition of 100 uL of bio-
tinylated antibody. The plate was incubated for a further one hour as
described above followed by an additional four washes. Prepared
streptavidin solution (100 pL) was added to each well and the plate
incubated for 45 min at room temperature with shaking whereafter the
plate was washed a final four times. A 100 uL volume of TMB substrate
reagent was added to each well and the plate incubated, protected from
light, at room temperature for 30 min. The reaction was stopped by the
addition of 50 uL stop solution and the OD was measured immediately at
450 nm using a plate spectrophotometer (BioTek Instruments Inc.). The
results are presented as ng/mL.

Expression and statistical analysis of results

The primary hypothesis was that there was a significant difference in
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Table 2

Comparison of the systemic concentrations of soluble co-stimulatory, co-inhib-
itory and dual immune checkpoint molecules in patients with basal cell carci-
noma and control participants.

Translational Oncology 42 (2024) 101867

Table 3

Comparison of the systemic concentrations of soluble co-stimulatory, co-inhib-
itory and dual immune checkpoint molecules in patients with newly diagnosed
and recurrent basal cell carcinoma.

Soluble immune Patients with basal cell Control p< Soluble immune Patients with newly Patients with recurrent ~ p<
checkpoints (pg/mL) carcinoma (n = 40) participants (n = checkpoints (pg/ diagnosed BCC (n = 27) BCC (n =13)
20) mL)
CD27 3360 (2363 - 4970) 1410(1259-2172) 0.0002 CD27 4306 (3144 - 5051) 3096 (1157 - 8215) 0.6754
CD28 17,047 (8487 - 30,677) 11,314 (7236 - 0.2523 CD28 20,005 (16,492 - 13,023 (10,431 - 0.7728
14,883) 33,239) 28,652)

CD40 1308 (968 - 1779) 1222 (769 - 1349) 0.4148 CD40 358 (1160 —1721) 1149 (922 —1785) 0.8061
ICOS 15,359 (7591 - 20,308) 12,902 (7980 - 0.3428 COS 17,225 (12,361 - 9564 (7258 - 19,701) 0.4105
15,316) 21,737)

GITR 1217 (664 - 1795) 698 (228 - 1222) 0.0538 GITR 1303 (1155 - 2248) 964 (562 - 1967) 0.3122
GITRL 2527 (1470 - 3599) 2107 (1784 - 2724) 0.3799 GITRL 3034 (2240 - 3866) 2480 (1439 - 3754) 0.5159
CD86 2215 (793 - 3292) 1636 (781 - 2144) 0.2427 CD86 2610 (2008 - 4287) 978 (864 - 3777) 0.4356
CD80 1450 (863 - 2161) 1212 (781 - 1590) 0.3428 CD80 1674 (1294 - 2172) 1209 (796 - 2279) 0.5539
PD-1 10,978 (5714 - 14,351) 2524 (1832-3038) 0.0000 PD-1 12,733 (9610 - 17,047) 7721 (5164 - 16,156) 0.4974
PD-L1 1740 (773 - 1980) 228 (139 - 274) 0.0000 PD-L1 1812 (1334 - 2308) 832 (719 - 1989) 0.4271
PD-L2 14,705 (13,102 - 12,008 (10,670 - 0.0011 PD-L2 14,795 (13,919 - 14,704 0.7617

16,375) 14,023) 16,660) (13,013-17,174)
CTLA-4 744 (422 - 1129) 126(56- 241) 0.0000 CTLA-4 885 (722 - 1543) 537 (420 - 1257) 0.5734
TIM-3 7519 (6619 - 8157) 2328(1967 - 2667) 0.0000 TIM-3 7855 (7063-9053) 6974 (4824-9507) 0.0912
LAG-3 388,288 (243,248 - 11,106 (6595 - 0.0000 LAG-3 414,401 342,947 0.4703
540,480) 15,093) (328,221-524,201) (256,669-512,433)
BTLA 12,284 (8754 - 19,151) 25,439 (17,274 - 0.0061 BTLA 14,866 (11,737-22,199) 9624 (6957-20,039) 0.4441
32,427) TLR-2 19,498 (15,524-26,115) 11,036 (1463-3898) 0.4974
TLR-2 17,696 (10,473 - 15,731 (12,262 - 0.6437 HVEM 2028 (15,524-26,115) 2112 (1463-3898) 0.8511
24,211) 19,913) . . . . . .
HVEM 2052 (1894 - 2317) 1299 (1263-1458)  0.0000 *Results are expressed as the median values with 95 % confidence intervals in

*Results are expressed as the median values with 95 % confidence intervals in
parenthesis.

the plasma levels of the co-inhibitory sICPs and other systemic test
biomarkers between BCC patients and healthy controls. Descriptive
statistics were used to tabulate patient characteristics. The Shapiro-Wilk
test was used to test for normality. All the variables tested were not
normally distributed and therefore non-parametric statistics were used
(see supplementary Table 1). Accordingly, non-parametric methods
were used to compare levels of the various test biomarkers between BCC
patients and healthy controls. A correlation matrix report was used to
identify correlations between variables (or subsets of variables) within
the subset, using Spearman p-values to define significance. A p-value of
<0.05 was considered statistically significant. NCSS 2021 software for
Windows (USA) was used for statistical analyses.

Results
Soluble immune checkpoints

These results are shown in Table 2. The plasma concentrations of 6
co-inhibitory sICPs (PD-1, PD-L1, PD-L2, CTLA-4, TIM-3, and LAG-3)
and two co-stimulatory sICPs (CD27, and GITR) and one dual (HVEM)
sICP were significantly elevated in the cohort of BCC patients relative to
those of the group of control participants (p < 0.0538 -p < 0.0000). The
fold increases in the median values were 15.9, 34.9, 4.3, 7.6, 3.2 and 1.2
for CTLA-4, LAG-3, PD-1, PD-L1, TIM-3 and PD-L2, respectively. The
fold increases in the median values were 3.9 and 1.7, for CD27 and GITR
respectively. The plasma concentrations of BTLA were significantly
decreased in the cohort of BCC patients relative to those of the group of
control participants (p < 0.0061), with a fold decrease in the median
value of 2. Most notable were the differences in the median plasma
levels of CTLA-4 in BCC patients (744 pg/mL compared to healthy
controls 126 pg/mL; p<0.0000); those of LAG-3 (388,288 pg/mL
compared to 11,106 pg/mL; p<0.0000); and those of TIM-3 (7519 pg/
mL compared to 2328 pg/mL; p<0.0000).

parenthesis.

Table 4

Comparison of the systemic concentrations of soluble co-stimulatory, co-inhib-
itory and dual-active immune checkpoint molecules in patients with basal cell
carcinoma stratified according to age.

Soluble immune Patients with age < Patients with Age > p<

checkpoints (pg/mL) 70 years (n = 20) 70 years (n = 20)

CD27 3544 (1900 - 4971) 3325 (2082 - 5520) 0.6588

CD28 21,282 (7773 - 13,820 (6923 - 0.9031
30,896) 33,697)

CD40 1237 (821 - 1737) 1335 (923 - 1978) 0.6980

1COS 13,053 (4306 - 16,339 (7435 - 0.6017
22,638) 25,667)

GITR 1005 (357 - 2085) 1295 (564 - 2214) 0.5978

GITRL 2494 (962 - 4273) 3010 (1338 - 4947) 0.4291

CD86 2007 (581 - 3928) 2478 (856 - 4792) 0.4651

CD80 1383 (704 - 2515) 1596 (864 - 2573) 0.4989

PD-1 10,611 (4673 - 12,011 (4850 - 0.5117
18,676) 20,983)

PD-L1 1341 (684 - 2375) 1830 (774 - 2634) 0.4612

PD-L2 14,548 (12,745 - 14,904 (13,030 - 0.6395
16,929) 16,875)

CTLA-4 602 (231 - 1291) 854 (295 - 1579) 0.9246

TIM-3 7690 (5988 - 8349) 7445 (6416 - 8496) 0.9680

LAG-3 351,057 (195,176 - 425,233 (243,248 - 0.2184
549,470) 655,803)

BTLA 12,171 (6311 - 12,285 (7390 - 0.9676
22,207) 21,837)

TLR-2 17,004 (7192 - 17,696 (9240 - 0.7584
27,211) 32,146)

HVEM 2048 (1755 - 2318) 2105 (1832 - 2572) 0.6017

Arginase 1 27 (26 - 55) 26 (26 - 30) 0.0785

FAP 135 (117 - 161) 90 (49 - 111) 0.0012

RANTES 187 (116 - 234) 96 (62 - 132) 0.0128

CD163 223,990 (194,810 - 215,175 (181,406 - 0.8709
302,356) 316,999)

CD206 223 (191 - 272) 232 (175 - 285) 0.9246

1L-10 0(0-0) 0(0-0.1) 0.6799

TGF-p1 7543 (4549 -12,017) 6849 (3458 - 11,687)  0.6456

*Results are expressed as the median values with 95 % confidence intervals in

parenthesis.
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Fig. 1. Associations of the soluble co-inhibitory immune checkpoints, PD-1, PD-L1, CTLA-4, TIM-3, LAG-3, and PD-L2, with age.

Comparison of soluble immune checkpoints between patients with newly
diagnosed and recurrent basal cell carcinoma

These results are shown in Table 3. There were no significant dif-
ferences in the plasma concentrations of the 17 sICPs tested between

concentrations of six co-inhibitory sICPs (CTLA-4, PD-1, PD-L1, PD-L2,
LAG-3 and TIM-3), revealed no statistically significant associations.
These data exclude confounding effects of older age as a potential
contributor to our findings of immune dysfunction in our cohort of BCC
patients.

patients with newly diagnosed and recurrent BCC.

Effects of age on the plasma levels of the soluble inmune checkpoints and

other biomarkers

Comparisons of the effects of age (<70 and >70 years) on the plasma
levels of the sICPs and other test biomarkers in patients with BCC are
shown in Table 4. Except for RANTES, which decreased significantly
with age, no significant age-related differences were found between the
various sICPs and other biomarkers with respect to age. Similarly, as

Effects of disease aggression on the plasma levels of the soluble immune
checkpoints and other biomarkers

These results are shown in Table 5. Although no statistically signif-
icant differences were evident, patients with less aggressive disease
showed a tendency towards higher levels of several of the sICPs and
TGF-f1, possibly due to the smaller number of patients in this sub-group.
Alternatively, albeit speculatively, this may reflect a more effective
immune response in the setting of less aggressive disease.

shown in Fig. 1, measurement of correlations of age with the plasma
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Table 5

Comparison of the systemic concentrations of soluble co-stimulatory, co-inhib-
itory and dual-active immune checkpoint molecules in patients with aggressive

and less aggressive basal cell carcinoma.

Soluble immune Patients with Patients with Less p<

checkpoints (pg/ Aggressive types of aggressive types of

mL) BCC (n = 31) BCC(n=9)

CD27 3096 (1923 - 4932) 5181 (2364 - 5520) 0.3076

CD28 13,023 (7773 - 31,684 (7907 - 49,048) 0.0672
24,361)

CD40 1149 (821 - 1780) 13131170 - 2677) 0.2008

1COS 12,865 (4738 - 20,309 (6256 - 34,575) 0.1589
18,595)

GITR 1080 (467 - 1796) 1447 (564 - 3410) 0.4466

GITRL 2480 (962 - 3359) 4107 (1325 - 5492) 0.1162

CD86 1619 (581 - 3245) 3564 (856 - 5960) 0.0775

CD80 1383 (731 - 2161) 1757 (864 - 3036) 0.1405

PD-1 10,668 (4673 - 16,171 (5104-23,587)  0.1789
13,081)

PD-L1 1408 (684 - 1967) 2070 (759 - 3234) 0.1589

PD-L2 14,618 (13,030 - 15,102 (12,927 - 0.3731
16,759) 16,983)

CTLA-4 667 (226 - 1072) 1291 (295 - 1987) 0.2779

TIM-3 7820 (6130 - 8496) 7411 (5078 - 8158) 0.4862

LAG-3 359,168 (195,176 - 549,470 (243,248 - 0.1089
531,667) 655,803)

BTLA 12,081 (7313 - 15,585 (8968 - 31,095)  0.2007
19,152)

TLR-2 17,207 (8466 - 23,003 (10,473 - 0.1589
24,211) 41,316)

HVEM 2018 (1832 - 2438) 2121 (1584 - 2942) 0.7831

Arginase 1 26 (26 — 32) 26 (26 — 35) 0.3501

FAP 115 (93 - 145) 122 (4 -179) 0.9354

RANTES 132 (91 - 207) 131 (61 - 234) 0.9483

CD163 238,292 (194,810 - 204,962 (137,052 - 0.0744
316,999) 235,419)

CD206 220 (191 - 272) 240 (51 - 285) 0.8586

1L-10 0(0-0) 0(0-0.64) 0.7575

TGF-p1 5731 (4142 - 11,687) 9012 (3536 - 12,925) 0.6156

*Results are expressed as the median values with 95 % confidence intervals in
parenthesis.

Table 6

Comparison of the systemic concentrations of arginase 1, RANTES, TGF-p1, FAP,
IL-10, CD206, and CD163 in patients with basal cell carcinoma and control
participants.

Biomarker  Patients with basal cell Control participants p<
carcinoma (n = 40) (n=20)

Arginase 25 (25 - 29) 25(25-72) 0.2897
RANTES 131 (97 - 175) 91 (71 - 149) 0.2097
TGF-p1 7543 (4549 - 10,795) 5829 (4184 - 6834) 0.1469
IL-10 0(-0) 0(0-4) 0.1322
FAP 116 (94 - 130) 109 (71 - 127) 0.2425
CD206 227 (192 - 251) 188 (143-278) 0.502
CD163 218,017 (194,810 - 298,215) 216,818 (133,047 - 0.2266

272,483)

Results are expressed as median values with 95 % confidence limits in paren-
thesis.

Results for arginase 1, RANTES and CD206 are presented as ng/mL while those
for TGF-p1, FAP, IL-10 and CD163 are presented as pg/mL.

Arginase 1, RANTES, TGF-$1, FAP, IL-10, CD206, and CD163

The comparison of the systemic concentrations of arginase 1,
RANTES, FAP, TGF-p1, IL-10, CD206, and CD163 in patients with BCC
and control participants are shown in Table 6. The plasma concentra-
tions of RANTES (131 ng/mL compared to 91 ng/mL, p < 0.2097) and
TGF-f1 (7.5 ng/mL compared to 5.8 ng/mL; p < 0.1469) were numer-
ically increased in the cohort of BCC patients relative to those of the
group of control participants. The plasma concentrations of arginase 1,
FAP, IL-10, CD163, and CD206 were not significantly different in the

Translational Oncology 42 (2024) 101867

cohort of BCC patients from those of the group of the control participants
(p < 0.2897, 0.2425, 0.1322, 0.2266, and 0.5020, respectively).

Correlations between TGF-f1 and the other biomarkers with the soluble
immune checkpoint molecules

As shown in the heat map in Fig. 2 and in Figs. 3-5, moderate-to-
strong positive correlations were detected between TGF-f1, and eleven
of the sICPs (LAG-3, r = 0.8083; PD1, r = 0.7409; PDL-1, r = 0.7559,
CTLA-4, r = 0.6740; CD80, r = 0.7674; CD86, r = 0.7580; ICOS, r =
0.6885, CD28, r = 0.6184, GITR, r = 0.7649 and; GITRL r = 0.7681;
TLR-2, r = 0.6963; all p values were <0.0000).

No correlations between the sICPs and arginase 1, RANTES, FAP,
IL10, CD163, and CD206 were detected in the cohort of BCC patients.

Discussion

The current study, in which the plasma concentrations of 24 different
soluble immune biomarkers were measured in patients with BCC, rep-
resents one of the most comprehensive with respect to immune
checkpoint-mediated immune dysfunction in this condition. We
confirmed our earlier findings that BCC is associated with significantly
increased plasma levels of the co-inhibitory sICPs, sCTLA-4, sLAG-3,
sPD-1, sPD-L1 and sTIM-3 [24] and extended these to include sPD-L2
and sBTLA, the levels of which were significantly elevated and
decreased, respectively. As an additional extension of our earlier study,
we also measured the plasma concentrations of the co-stimulatory sICPs,
CD27, CD28, CD40, CD80, CD86, GITR, GITRL, and ICOS, as well as
those of the dual-active sICPs, sHVEM (herpes virus entry mediator,
CD270) and sTLR2 (Toll-like receptor 2, CD282). With respect to the
co-stimulatory sICPs, the plasma levels of the majority of these were
similar to those of the control subjects, with the exceptions of CD27 and
GITR, the concentrations of which were significantly elevated, as was
the level of the dual-active sICP, HVEM. Although speculative, the lower
concentrations of SBTLA in the BCC group may relate to its interactions
with HVEM, possibly complicating detection [35].

In addition to the seventeen soluble immune checkpoints, we also
measured the plasma levels of seven humoral immune factors linked to
the activation of various types of pro-tumorigenic immune suppressor
cells. These are the enzymes arginase 1 (PMN-MDSC), FAP, RANTES/
CCL5, sCD163 and sCD206 (all four linked to M2-type macrophages), as
well as IL-10 and TGF-p1 (both linked to Tregs) [27-33,36]. Although
the median plasma concentrations of all seven of these biomarkers did
not differ significantly from those of the control group, a correlation heat
map revealed selective, mostly strong correlations, of TGF-p1 with four
of the co-inhibitory sICPs, namely (in order of the strength of the cor-
relations), sSLAG-3 >sPD-L1 >sPD-1 >sCTLA-4. These associations are
particularly noteworthy since all four of these biomarkers are constitu-
tively expressed by, and are prominent mediators of the immunosup-
pressive functions, of Tregs; TGF-$1 maintains Foxp3 expression and the
immune regulatory functions of Tregs [36-42].

Given that the plasma levels of 6/8 of the co-stimulatory sICPs were
comparable in the BCC and control groups, the increased levels of sCD27
and sGITR in the BCC cohort seemed counterintuitive. However, as
shown previously, CD27, which mediates its co-stimulatory effects on T
cells, B cells, and natural killer (NK) cells via interactions with CD70, is
also expressed on murine Tregs, driving Treg-mediated suppression of
anti-tumor immunity [43]. If evident in humans, this activity of CD27
may explain the unexpected increase in the systemic levels of sCD27 in
the cohort of BCC patients [43]. However, no correlation of CD27 with
TGF-pl was evident in the current study. In the case of GITR, this
co-stimulatory ICP is highly expressed on human solid tumors, partic-
ularly non-small cell lung carcinoma, renal cell carcinoma, and mela-
noma, which are associated with increased numbers of GITR-expressing
CD4"Foxp3™ Tregs in the TME [44]. In this context, CD4" Foxp3™ Tregs,
which co-express high levels of GITR and CTLA-4, have been reported to
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Fig. 2. Correlations between IL-10, RANTES, CD206 CD163, FAP, Arginase 1, and TGF-$1 with the soluble immune checkpoint molecules.

suppress anti-tumor immunity in humans with either primary hepato-
cellular carcinoma or liver metastases from colorectal cancer [45]. Un-
like CD27, the associations of GITR and GITRL with TGF-p1 were strong.

Although TGF-f1 is produced by many different cell types, only
Tregs, as well as B cells, megakaryocytes and platelets, possess the
cellular machinery to produce and convert latent, inactive TGF-1 to its
biologically active, immunosuppressive form [46,47]. The mechanisms
utilized by Tregs do, however, differ somewhat from those used by the
other cell types. They involve binding of the latency-associated peptide
of the cytokine to the trans-membrane protein, glycoprotein-A repeti-
tion predominant (GARP) protein, via disulfide linkage, enabling
interaction of this complex with membrane aVp6 and aVB8 integrins,
resulting in the presentation and release of active TGF-p1. These are key
events in the pro-tumorigenic activity of the Treg/TGF-f1 axis in the
TME and are achieved via suppression of the anti-tumor reactivity of
cells of both the adaptive and innate immune systems, as well as by
interactions with structural cells [47-49]. In the case of structural cells,
TGF-B1 has been reported to induce cancer-associated fibroblasts to
promote fibrosis and immunosuppression via expression and release
sPD-L1 packaged in extracellular vesicles [50,51].

Notwithstanding those observed with sGITR and sGITRL, somewhat
surprisingly, strong heat map correlations of four other co-stimulatory
sICPs with TGF-p1 were also evident in the current study, the order of
strength of the correlations being sCD80> sCD86> sICOS> sCD28.
Although these findings are somewhat more difficult to explain, they
may represent a compensatory mechanism to counteract the immuno-
suppressive activity of the Treg/TGF-f1 axis.

Clinically, BCC is the most common cancer in the USA, with more
than 2 million cases diagnosed annually [52]. Localized disease is
typically cured with minimally invasive treatment modalities, including
surgery and topical or photodynamic therapy, and is associated with
good long-term outcomes [53]. However, some BCC patients may
develop recurrent, local invasion, or metastatic disease, resulting in
substantial morbidity or mortality [54]. Management of these BCC

patients may be clinically challenging. There are no standard treatment
guidelines for locally advanced or metastatic BCC. Current treatments
include surgery, local treatment with topical creams, radiation therapy,
and targeted therapies with hedgehog inhibitors, and immune check-
point inhibitors [55]. In this latter context, Lipson et al. have confirmed
that the majority of BCC patients express elevated levels of PD-L1 in TME
and/or tumor cells. These researchers who analyzed 40 biopsies from
BCC patients, demonstrated expression of PD-L1 on tumor cells in 9/40
(22 %) cases. PD-L1 was also detected on tumor-infiltrating lymphocytes
(TILs) and associated macrophages in biopsies of 33/40 (82 %) BCC
patients [56].

The findings of the aforementioned study resulted in the evaluation
of the PD-1 antagonist, cemiplimab-rwlc, in BCC patients with
advanced, or refractory disease. This phase 2 study demonstrated
favorable activity in patients with metastatic or locally advanced BCC
with progressive disease, or those who were intolerant of prior hedgehog
inhibitor treatment in the second line setting. No predictive biomarker
for response to cemiplimab-rwlc treatment was reported [57]. Based on
the results of this phase 2 study, in February 2021, the USA Food and
Drug Administration approved cemiplimab-rwlc for the management of
the categories of BCC patients included in the above study [58]. Sub-
sequently, cemiplimab-rwlc was also approved in Europe in June 2021
for the same indication (Libtayo®) [59]. Experts currently propose
cemiplimab-rwlc as a first-line systemic alternative [60].

The present study documented high plasma levels of CTLA-4, LAG-3,
PD-L1, PD-L2 and TIM-3, in the cohort of BCC patients, which correlated
positively with TGF-p1. Concerning LAG-3 and TIM-3, the former is
expressed by T cells, including Tregs, as well as by B cells, natural killer
(NK) cells, and plasmacytoid DCs [61]. LAG-3 interacts with several li-
gands, including MHC class II and galectin-3, via interactions with MHC
IT expressed by T cells and tumor-infiltrating, LAG-3-expressing tolero-
genic plasmacytoid DCs. These cells inhibit T cell proliferation and
promote differentiation towards a Treg phenotype. Tregs which express
LAG-3 interact with non-tolerogenic MHC class II+ DCs, resulting in
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Fig. 3. Associations of the soluble co-inhibitory immune checkpoints, LAG-3, PD-1 and PD-L1, CTLA-4 with TGF-f1.

attenuation of both, the development and protective anti-tumor prop-
erties of these cells [61]. TIM-3, on the other hand is present in activated
CD4+ and CD8+ T cells and interacts with various ligands, such as
galectin-9, present on tumor cells and Tregs [62].

TGF-p1 is a multifunctional cytokine that acts as a tumor promoter or
suppressor in a cell- and context-dependent manner. As a tumor pro-
moter, the TGF-f1 pathway enhances cell proliferation, migratory in-
vasion, and metastatic spread within the TME and suppresses
immunosurveillance. TGF-B1 signaling contributes both to drug resis-
tance and tumor escape and is also associated with poor clinical
response to treatment. Several small molecules, such as TGF-f receptor
kinase inhibitors, have been created to interact with the ATP-binding
domain of the enzyme, inhibiting enzyme activity, and blocking the
downstream signaling cascade [63]. Vactosertib (EW-7197) is a small
molecule, orally available inhibitor of the kinase activity of TGF-p
RI/ALK-5 [64]. Galunisertib (LY21557299) is a TGF-BRI kinase antag-
onist, which demonstrated activity by reducing lung and breast cancer
cell growth and was safe in patients with various solid tumors in phase I
studies [65]. TGF-pl-directed antibodies, which block ligand activation
or prevent ligand-receptor binding activity are also under development.

Fresolimumab (GC1008) is a human monoclonal antibody (mAb) that
neutralizes TGF-B1 and TGF-B2. This agent was investigated in a phase 1
trial in 28 patients with malignant melanoma and one with renal cell
carcinoma (RCC). Encouraging activity was shown in seven patients
with partial responses.

Bintrafusp alfa (GSK-4045154, M7824, MSB0011359C) is an inno-
vative first-in-class bifunctional fusion protein composed of a mono-
clonal antibody against PD-L1 fused to the extracellular domain of the
TGF-BRII [66]. A multi-center, global single-arm phase II study
(NCT04246489) will be conducted to assess the clinical activity and
safety profile of Bintrafusp alfa in platinum-exposed cervical cancer
[67].

Limitations of the study include: i) this was a single center study with
potential selection bias; ii) no post-treatment follow-up; iii) lack of
correlation with the same biomarkers in the TME; iv) the sample size
was adequate for comparison of the BCC cohort and controls; however,
to compare the various sICPs in the different BCC subsets a larger patient
cohort would be required to be adequately powered; v) validation of our
findings might require a larger number of patients in a multi-center
setting. We intend addressing these issues in future studies.,with a
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Fig. 4. Associations of the soluble co-stimulatory immune checkpoints, CD80, CD86, GITR, GITRL, CD28, and ICOS, with TGF-p1.

particular focus on the TME.

In closing, the current study has indicated the likely involvement of
the TGF-p1/co-inhibitory ICP axis as being a driver of pro-tumorigenic,
pro-invasive immunosuppression in advanced BCC. As a progression of
our current research, our future BCC research program will focus on
correlating the presence of Tregs in the circulation and TME with the
systemic levels of sICPs and TGF-p1. The rationale underpinning this
strategy is based on the findings of the current study and supported by
published data, which have described the predominance of Tregs in both
the TME and peritumoral skin of these patients [68-70]. Importantly,
our study also provides a rationale for investigating the role of
anti-PD-1-targeted mAbs in combination with other mAbs that target
other co-inhibitory ICPs, such as CTLA-4 or LAG-3, or TIM-3, as well as
in combination with anti-TGF-f1 strategies as recently proposed by van
den Bulk et al. [71]. These agents may enable effective co-blockade. To
our knowledge, anti-TGF-f agents have not been investigated in patients
with advanced or metastatic BCC. Identification of predictive bio-
markers of response in this clinical setting represents a crucial, unmet

medical need.
Conclusion

High plasma levels of co-inhibitory sICPs, and a positive correlation
with TGF-f1, were detected in BCC patients. These features are sug-
gestive of prominent pro-tumorigenic immunosuppressive activity.
Inhibitory sICPs and plasma levels of TGF-f1 should therefore be
investigated as possible predictors of response to treatment, as well as
prognostic biomarkers in these patients. The current study provides a
rationale for conducting clinical trials combining anti-PD-1 mAbs with
anti-CTLA-4, anti-LAG-3 and anti-TIM-3 mAbs, or with anti-TGF-p1
mADbs in advanced BCC patients. Our findings also support investigating
the use of these antibodies earlier in the course of this disease.

Data availability

Data are available upon reasonable request. The data generated in
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this study are available on request from the corresponding author.
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