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ARTICLE INFO ABSTRACT

Keywords: Twenty-one styryl carbamates have been designed, synthetized and characterized by their physical properties.
Carbamate Afterwards, their potential activity as tumor microenvironment disruptors has been evaluated. First, anti-
Styryl unit proliferative studies on tumor cell lines HT-29, A-549 and MCF-7 and on non-tumor cell line HEK-293 were
f]?;‘l carried out. Then, the antiproliferative activity of some selected compounds was evaluated on co-cultures of A-
TNF-o 549 and immune cells, Jurkat T or monocytes THP-1. To determine their potential as oncoinflammation regu-
SAA-1 lators, the secretion levels of IL-6, TNF-a and SAA-1 were, also, determined from these co-culture assays. Then,
THP-1 the effect on the expression levels of anticancer targets PD-L1 in both A-549 and monocytes THP-1 were
T cells established and, finally, the expression of CD80 and CD11b in THP-1. Compounds 9-13 bearing halophenyl
Monocyte carbamate units exhibited promising results as TME disruptors and inflammation regulators.

Tumor microenvironment
Antiproliferative activity
Anti-inflammatory effect

1. Introduction

Over the last decade there have been remarkable progress and
improvement in cancer treatment approaches. One of the most
outstanding advances in developing more effective therapies has been to
consider not only the tumor cell as a target but also the entire ecosystem
that surrounds it [1,2]. The first reason is that chemotherapies tradi-
tionally aimed at killing tumor cells are compromised by their own
inaccessibility and secondly because tumor cells are not the only cells
that might change their patterns of gene expression and metabolism
during cancer progression [3]. Other cells that surround and interact
with the tumor, such as endothelial or immune cells, play a vital role in
determining how the tumor behaves. A full understanding of this tumor
microenvironment (TME) includes the neoplastic cells and those cells
that are recruited to help tumor cells survive and disseminate. It is this
spread of cancer cells, or metastasis, that is the main cause of cancer-
related mortality [4]. Unfortunately, once cancer cells have started
their metastatic journey, standard medical interventions often only slow
the progression of the disease. As a result, there remains a significant gap
in the availability of therapies capable of disrupting this metastatic
process [5,6,7]. It is therefore imperative to disrupt the intricate and
intertwined networks that facilitate metastasis in TME. Although much
remains to be discovered, regarding the intricate communication
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networks among diverse cell types within the tumor microenvironment
(TME), emerging categories of therapies are focusing on these systems
that sustain cancer [8,9]. Immune checkpoint inhibitors, antiangiogenic
agents or compounds reducing the levels of some cytokines within TME
exploit aspects of the TME to eliminate cancerous cells [10,11]. Notably,
the inhibition of immune regulatory checkpoints, like the PD-1/PD-L1
axis, poses a significant challenge and opportunity in the realm of
innovative oncology immunotherapies [12]. A prime illustration is
pembrolizumab (Keytruda), an immune checkpoint inhibitor, which is
an antibody used in clinical practice to hinder the activity of PD-L1, a
protein that impedes the immune system. This interference enables
immune cells to effectively target and eliminate cancer cells. PD-L1 can
be present in cancer cells at levels exceeding 90 %, making it an
exceptionally viable target. This class of immunotherapeutic drugs has
been employed to treat various cancer types, occasionally inducing
remission even in advanced cases. Nonetheless, its efficacy remains
limited to only 20-30 % of patients [13]. However, these therapies may
even fall short because they overlook the intricate tumor microenvi-
ronment (TME), where the secretion of pro-inflammatory and pro-
angiogenic factors by tumor cells, coupled with the influx of inflam-
matory immune cells, fundamentally alters the TME’s composition. This
alteration obstructs anti-tumor immune responses [9] and fundamen-
tally reshapes the behavior of immune cells like macrophages, better
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known as tumor-associated macrophages (TAMs) [14]. Within TAMs,
pro-inflammatory cytokines, such as Interleukin-6 (IL-6) [9], which are
excessively produced within the TME due to their release by tumor cells,
assume a pivotal role in tumor growth and metastasis. Several in-
vestigations have indicated that IL-6 plays a role in the initiation and
progression of tumors. IL-6 serves as a soluble mediator with diverse
impacts on inflammation, the immune response and hematopoiesis
[15,16]. Following its synthesis at a localized site during the initial
stages of inflammation, IL-6 prompts the generation of a wide array of
acute phase proteins [17], including SAA-1 [18]. It has been confirmed
that there is a strong correlation between the levels of SAA-1 and IL-6 in
the tumor microenvironment (TME) and the prognosis of cancer patients
[17]. Furthermore, both SAA and IL-6 contribute to malignant pro-
gression in certain cancers such as gastric cancer (GCa) and non-small
cell lung cancer (NSLC) [19,20,21].

Therefore, by targeting PD-L1 these therapies can help activate the
immune system to recognize and attack cancer cells, potentially leading
to more effective and durable anti-cancer responses.

In prior research, we developed scaffold structures for potential
multitarget inhibitors through docking studies involving PD-L1 protein
[22]. We based on crystal structure of BMS-202, a PD-L1 inhibitor,
bound to the protein [23]. Compounds like BMS-202, created by Bristol-
Myers Squibb, disrupt PD-1 and PD-L1 interaction by binding to a hy-
drophobic groove on PD-L1 comprising amino acids Tyr56, Met115,
Ile116, Ala121 and Tyr123. This binding hampers PD-L1 dimerization,
inhibiting the interaction through a two-fold process: obstructing the
PD-1/PD-L1 connection and altering the PD-L1 dimer’s conformation,
preventing binding to PD-1. This results in the inactivation of PD-1 and
PD-L1 interaction [24]. With this data and docking studies, we designed
some scaffolds for the development of potential dual-targeting agents.
Some of the designed molecules contained styryl urea units such as
structures I and II in Fig. 1 [25,26]. These compounds reduced more
than 80 % of the total PD-L1 compared to non-treated cancer cells. Be-
sides, they exhibited immunomodulatory effects as they reduced the
proportion of living cancer cells when co-cultured with T cells (Fig. 1).

More recently we have also been investigating the potential effect of
these new molecules on TME [27,28]. Our aim in the present work was
to make some structural modifications to our previously studied
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molecules such as styryl ureas I and II to study their effect on TME.
Concretely, we aimed to study their effect on biological target PD-L1,
their effect on the release of pro-inflammatory cytokines such as IL-6,
TNF-a [29] and SAA-1 and their immunomodulatory effect. Our previ-
ous docking data on PD-L1 binding sites showed similar key data for
urea and carbamate styryl units. Carbamate-bearing molecules play an
important role in modern drug discovery and medicinal chemistry,
mainly due to their chemical stability and capability to permeate cell
membranes together with their unique ability to modulate inter- and
intramolecular interactions with the target enzymes or receptors. We,
therefore, decided to replace the urea with a carbamate group. We also
decided to check the effect of the relative position of the amine group in
the styryl unit by preparing a set of molecules with a para-amino group
in the styryl group and another one with a meta-amino styryl unit (see
Fig. 2). Fig. 3.

2. Results and discussion
2.1. Synthesis of styryl carbamate derivatives

The synthesis of the carbamate derivatives investigated in this study
(see Scheme 1) was carried out in two steps. First, 1-methoxy-4-vinyl-
benzene was submitted to Heck reaction with 4-bromoaniline and 3-bro-
moaniline, in triethanolamine as solvent and in the presence of Pd
(AcO)y, as catalyst. After heating the reaction mixture at 100 °C for 72 h
the intermediate (methoxystyryl)anilines 1 and 2 were achieved [30].
To obtain the carbamates, two procedures were applied. The vast ma-
jority of carbamates (see Fig. 1) were prepared by one-pot method (see
conditions b in Scheme 1) in which the corresponding (methoxystyryl)
aniline (1 or 2) was converted into trichloromethylcarbamates upon
reaction with triphosgene and trimethylamine in THF. Then, tri-
chloromethylcarbamates were transformed into carbamates by reaction
with a range of phenols [31]. Carbamates 11, 14, 20 and 23 (see Fig. 1)
were obtained upon reaction of the corresponding (methoxystyryl)ani-
line (1 or 2) with commercially available aryl chloroformates in THF in
the presence of pyridine (see conditions c in Scheme 1). [32].
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ICso values for A-549 and HEK-293 and PD-L1 protein expression.

A-549 (uM) | HEK-293 (uM) t-PD-L1 (%)
Sorafenib 27 +2 50+0.7 ---
BMS-8 34+2 16 +3 62+3
(E)-p-Br 3.0+04 0.7+0.3 18+5
(Z)-p-Br 12+2 10+2 175

Fig. 1. Outstanding results from previously designed compounds compared to reference compounds.
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BMS-8 (PD-L1 inhibitor)

Fig. 2. New proposed structures as potential TME-disrupting agents.

o

15. R = 2-CH; (method b, 43%)
16. R = 3-CH, (method b, 37%)
17. R = 4-CHj; (method b, 40%)
18. R = 2-F (method b, 52%)
19. R = 3-F (method b, 54%)
20. R =4-F (method ¢, 58%)
21. R =2-Cl (method b, 47%)
22. R = 3-Cl (method b, 50%)
23. R =4-Cl (method ¢, 60%)

o
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3. R =2-CHj (method b, 37%)
4.R =3-CH, (method b, 48%)
5. R =4-CHj; (method b, 45%)
6. R =2-OCH, (method b, 37%)
7. R =3-OCHj (method b, 41%)
8. R =4-OCH; (method b, 39%)
9. R = 2-F (method b, 65%)

10. R = 3-F (method b, 47%)

11. R = 4-F (method ¢, 35%)

12. R = 2-Cl (method b, 64%)
13. R = 3-Cl (method b, 45%)
14. R = 4-Cl (method ¢, 36%)

Fig. 3. Structures of the carbamates investigated in this study.

2.2. Biological evaluation

2.2.1. Study of the effect on cell proliferation in monocultured cell lines
The ability of all the synthetized compounds to affect cell viability

was studied by MTT assay using several human cell lines: HEK-293

(human embryonic kidney cells), HT-29 (colon adenocarcinoma), A-

N
o

549 (pulmonary adenocarcinoma) and MCF-7 (breast adenocarcinoma).
We determined the corresponding ICsy values,expressed as
pMconcentration, at which 50 % of cell viability, compared to non-
treated one, is achieved. ICsy values are shown in Table 1 which also
includes ICs( values for the reference compounds sorafenib and BMS-8.
In general, none of the compounds exhibited effect on HEK-293 at
concentrations below 100 pM. Besides, compounds are more active
against A-549 than in MCF-7 and HT-29. Moreover, it is observed that
the para-aryl carbamate type derivatives are more active than the meta-
aryl carbamate type and, furthermore, within each type, the haloaryl
carbamate derivatives are the most active ones while the methylaryl
carbamate are the less active of all the synthetized compounds. As
regards the effect on A-549, we observed that most of the derivatives
exhibited high nanomolar or low micromolar ICsy values, while in HT-
29 only para-halophenyl carbamates are in the very low micromolar
ICsp range. Finally, we observed that in MCF-7, again, para-halophenyl
carbamates, together with para-o-methoxyphenyl 6 and meta-p-fluo-
rophenyl carbamate 20, exhibited high nanomolar ICsq values.

The morphology of the cells changed when treated with the com-
pounds together with a reduction of the number of cells in the cultures.
We observed that some cells had fibroblastic appearance (i) with
shrinkage of the cytoplasm (ii) and chromatin condensation (iii) (see
arrows in Fig. 4).

Q

Dy (Do e

15-23

Reagents and conditions: a: Pd(AcO)2, N(CH2CH20H)3, 100°C, 72 h. b: (i) Triphosgene, EtsN, THF, rt, 10 min;
(ii) ArOH, THF, 45°C, 1 h. c: ArOCOCI, pyridine, THF, 0°C 30 min then rt 1 h.

Scheme 1. Synthesis of styryl carbamates 3-23. Reagents and conditions: a: Pd(AcO),, N(CH,CH>0H)3, 100 °C, 72 h. b: (i) Triphosgene, Et3N, THF, rt, 10 min; (ii)

ArOH, THF, 45 °C, 1 h. c: ArOCOC], pyridine, THF, 0 °C 30 min then rt 1 h.
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Table 1

ICsp values (uM) for BMS-8 and derivatives 3-23.
Compound HEK-293 A-549 HT-29 MCEF-7
3 >100 17+5 23+10 4+1
4 >100 1849 32+2 4+2
5 >100 4+2 8+1 1.5+0.2
6 >100 0.34+0.04 5+2 0.3£0.2
7 >100 0.6+0.5 34+4 11+1
8 >100 0.31+0,25 25+2 14+6
9 >100 0.22£0.10 1.3+0.2 0.20£0.17
10 >100 5+2 20+4 9+3
11 >100 0.27+0.16 3+1 0.24+0.12
12 >100 0.24+0.15 1.4+0.3 0.12+0.07
13 >100 0.14+0.08 0.68+0.34 0.24+0.14
14 >100 0.28+0.11 0.60+0.19 0.36+0.24
15 >100 38+1 87+12 27+8
16 >100 96+4 >100 26+10
17 >100 3442 >100 12+5
18 >100 0.76+0.06 8+1 25+6
19 >100 1.1+0.7 19+3 25+4
20 >100 12+4 2446 0.29+0.07
21 >100 0.15+0.05 9+4 6+4
22 >100 2.51£1.60 39+7 25+11
23 >100 0.10+0.08 >100 1.2+1
BMS-8 60+10 6+1 19+2 20+3

ICs¢ values are expressed as the compound concentration that inhibits the cell
growth by 50 %. Data are the average (+SD) of three experiments.

2.2.2. Effect on cell viability in A549 monoculture and co-cultures with
Jurkat T cells

To establish the immunomodulatory activity of the selected com-
pounds, first, we studied the effect on tumor cell proliferation in the
presence of Jurkat T cells. This assay was carried out using interferon y
stimulated A-549 as the cancer cell line and an excess of immune T cells,

Results in Chemistry 7 (2024) 101372

1 to 5 respectively. Assays were performed for 24 h of treatment, using
the same doses shown in Table 2 for the selected compounds and BMS-8
as the reference compound. We considered non-treated cells as a control.

We used flow cytometry for the selection of both cell populations and
the establishment of living cells for each one. Fig. 5 shows the per-
centage of living cells related to non-treated ones that is related to
control. Interferon y stimulated cancer cells were treated for 24 h with
the compounds at 0.5 pM, except for compound 10 whose dose was 5
uM, in the presence of Jurkat T cells. Then, the different populations of
viable cells were detected by using flow cytometry.

The results showed that the tested compounds have a significant
immunomodulatory effect. The most outstanding results were found
with p-chlorophenyl carbamate (14) that, when tested at 0.5 pM in
monocultures of INF-y stimulated A-549 cells, did not affect cell
viability, while the percentage of living cells related to non-treated ones
in the cocultures with Jurkat T cells was reduced to around 40 %. Similar
effect was found with o-chlorophenyl carbamate (12). Moreover, the
effect on Jurkat T cell viability is mild with no significant reduction
except for compounds o-fluoro and p-chloro-phenyl carbamates.

2.2.3. Effect on cancer cell viability in co-cultures with monocytes THP-1
To establish the immunomodulatory activity of the selected com-
pounds, we studied the effect on INF-y stimulated tumor cell

Table 2
Working doses of the selected compounds in further biological studies.

Comp. BMS-  BMS- [C)] (10) an 12) 13) a4

8 8 o-F m-F p-F 0-Cl m-Cl p-Cl
Dose 20 100 5 0.5 0.5 0.5 0.5 0.5
M M pM M pM M pM M

Fig. 4. Morphology of A-549 cells after 48 h of incubation with the corresponding carbamates (a) Control (DMSO-treated cells), (b) m-Fluorophenylcarbamate 10 at
5 uM; (c) p-Fluorophenylcarbamate 11 at 0.5 pM; (d) m-Chlorophenylcarbamate 13 at 0.5 pM.
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Fig. 5. Relative amount of living cells after treatment with the selected compounds.

proliferation in the presence of human monocytic leukemia cell line
THP-1. This assay was carried out using A-549 as the cancer cell line and
an excess of monocytes, 1 to 5 respectively. Assays were performed after
24 and 48 h of treatment, using the adequate doses of the selected
compounds and BMS-8 as the reference compound.

The results in Fig. 6(a) show that the effect on cancer cell viability
was higher after 24 h than after 48 h. All the tested compounds were
active causing a reduction above 50 % of viable cancer cells in the
presence of monocytes, while in the absence of immune cells compounds
exhibited no effect on the living cells related to non-treated cells. In this
assay, we included compounds 21 and 23, bearing the urea unit in meta-
relative position in the stilbene scaffold, in order to compare the
immunomodulatory activity in relation to their structure. Fig. 6(b)
showed that in this case the effect is very mild compared to the rest of
studied derivatives with a reduction of cancer viable cells around 15 %
after 48 h of treatment. Again, the compounds exerted no effect on
immune cells when co-cultured with A-549.

2.2.4. Effect on PD-L1 surface cell expression in A-549 monocultured and
co-cultured with immune cells

Next step was to determine the effect exerted by the selected com-
pounds on surface PD-L1 expression of cancer cells in similar conditions
to the ones in tumor microenvironment. For this, we use the same
conditions for the co-cultures described in the previous paragraphs.

That is briefly, interferon-y stimulated A-549 cells were treated for
24 h with the compounds in the presence of Jurkat T cells or in the
presence of THP-1. Then, cells were fixed and treated with anti-PD-L1
conjugated to AlexaFluor®647. We used flow cytometry for the selec-
tion of both cell populations and the establishment of living cells for
each one where proportion of PD-L1 expression was measured related to
non-treated cells.

Fig. 7 shows the percentage of PD-L1 in the different cell populations
related to control at 24 h.

Results showed that chlorophenyl carbamates were the most active
as they were able to inhibit about 30 % of PD-L1 surface on cancer cells.
On the other hand, when compared with monocytes, fluoroderivatives
exhibited a milder effect when cancer cells were co-cultured with T cells.

2.2.5. Study of the blocking effect on the binding of the PD-1/PD-L1
binding

After having established the immunomodulatory action of the de-
rivatives on A-549 co-cultures with immune cells, we study their effect
on PD-1/PD-L1 binding by competitive ELISA assay [30]. This assay is
based on the high affinity between PD-1 and PD-L1 and it was carried
out at 20 pM concentration in DMSO for all derivatives.

The results, depicted in Fig. 8, show that BMS-8, which is our
reference compound, is the most active one with inhibition rates around
80 %, while compounds 9 (o-F), 11 (p-F) and 14 (p-Cl) are the most
active blocking about 30 % the binding between both proteins.

2.2.6. Effect on monocytes surface cell expression of CD80, CD11b and PD-
L1 when co-cultured with A-549

Cancer and its associated therapies have been shown to induce
functional changes in monocytes, including acquiring immunosuppres-
sive activity in the tumor microenvironment, which is associated with
the expression of CD11b. This cluster of differentiation is an integrin
that, when it binds to CD18, accelerates the invasiveness and metastasis
of cancer cells and promotes systemic inflammation of the TME [33].
Reducing the expression of CD11b has been identified as a promising
target for immunomodulation in anti-cancer therapies [34]. Therefore,
we decided to investigate the effect of our compounds on CD11b in THP-
1 cells co-cultured with A-549 together with CD80, a common marker
for these cells, and also on PD-L1 that can be present in the pro-
inflammatory monocytes cell surface [35].

For this, we use the same conditions for the co-cultures described in
the previous sections. In this case, the study was performed on the
collected cell culture from each well and gating living THP-1 cell pop-
ulation. Fig. 9 shows the results obtained when we determined the
percentage of CD80, CD11b and PD-L1 expression in membrane THP-1,
related to non-treated cells, when they were co-cultured with A-549 and
with our compounds.

It can be observed that neither of the compounds have any effect on
CD80 expressions but our derivatives were able to reduce the presence of
CD11b pro-inflammatory marker in the monocyte cell surface. Com-
pounds 10 (p-F), 9 (0-F) and 12 (0-Cl) were the most active ones with
inhibition rates above 70 %. Besides, all the compounds had a mild effect
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Fig. 6. Relative amount of living cells after treatment with the selected compounds in co-cultures of A-549 and THP-1 at 24 and 48 h. (a) A-549 living cells; (b) THP-

1 living cells.

on the expression of PD-L1, outstanding 10, 12 and 13 with around 65 %
of expression.

2.2.7. Study of the effect on the secretion of pro-inflammatory cytokines
TNF-q, IL-6 and SAA-1

We selected some of three representative compounds according to
the results obtained along all the previous studies to determine their
effect on the secretion of IL-6, SAA-1 and TNF-«a into the cell medium.
Compounds selected were carbamates 10 (m-F), 11 (p-F) and 13 (m-Cl).
We measured the level of the secreted cytokines into the cell medium
from monocultures of A-549, monocultures of THP-1 and, also, from co-
cultures of A-549 and THP-1 after 24 h of treatment with the selected
compounds at doses of 5 pM for 10 and 0.5 pM for 11 and 13. Mea-
surements were carried out by ELISA assay (see Fig. 10).

As regards TNF-q, it was only detected on sample media from mon-
ocultured THP-1 and, as it can be seen in Fig. 10, none of the compounds
hardly affected the levels of secretion when compared to non-treated
cells.

In line with the results obtained for the THP-1 monoculture samples,
we observed that compounds 10 and 13 did not affect the level of IL-6
secretion by monocytes, whereas compound 11 slightly stimulated

secretion. This slight stimulation of IL-6 secretion was also observed in
monocultures of cancer cells, but in co-cultures compounds 10 and 13
were able to reduce the secretion of the cytokine by 30 %.

On the other hand, as for SAA-1, compounds did not affect the level
of secretion of this protein in monocyte monocultures, showing a very
weak inhibitory effect on secretion in cancer cell monocultures, while
again the maximum inhibitory effect was observed in co-cultures of A-
549 and THP-1. In these cases, all three compounds achieved a reduction
of approximately 35 % of SAA-1 in the co-culture medium.

3. Conclusion

In this study we have synthesized a set of compounds bearing a p-
methoxystyryl and an aryl carbamate motif in both 1,3 and 1,4 relative
positions and we have identified 1,4-[p-(methoxystyryl)] fluor and
chlorophneylcarbamates 9-14 as potential oncoimmunomodulary drug
candidates. When screening for in vitro activity, these derivatives
significantly inhibited A-549 and MCF-7 cell proliferation at high
nanomolar concentrations and, moreover, they reduced till 60 % the
number of A-549 living cells when co-cultured in the presence of Jurkat
T-cells or monocytes THP-1, with no effect on immune -cell
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proliferations. In addition, we have also shown that compounds 9-14
exhibited good anti-inflammatory profiles with secretion levels of the
inflammatory factors TNF-o, IL-6 and SAA-1 around 70 % compared to
non-treated cells. In terms of mechanism of action, these compounds can
effectively downregulate the expression of PD-L1 in cancer and the
expression of both PD-L1 and CD-11b monocytes altogether with a
blockage of the PD-1/PD-L1 binding interaction.

This may be an important molecular mechanism by which these
compounds reduce dramatically the immunosuppressive atmosphere in
the TME.

4. Experimental section
4.1. Chemistry

4.1.1. General procedures

'H and '3C NMR spectra were measured at 25 °C. The signals of the
deuterated solvent (CDCl3 and DMSO-dg) were taken as the reference.
Multiplicity assignments of 3¢ signals were made by means of the DEPT
pulse sequence. Complete signal assignments in *H and 3C NMR spectra
were made with the aid of 2D homo- and heteronuclear pulse sequences
(COSY, HSQC, HMBCQ). Infrared spectra were recorded using KBr plates.
High resolution mass spectra were recorded using electrospray ion-
ization-mass spectrometry (ESI-MS). Experiments which required an
inert atmosphere were carried out under dry Ns in oven-dried glassware.
Commercially available reagents were used as received.
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Fig. 10. Relative amount of secreted cytokines IL-6 TNF-a and SAA-1 into the cell medium.

4.1.2. Experimental procedure for synthesis of styryls by method a

A solution of the corresponding bromoaniline (1 eq.), 4-methoxy
styrene (1 eq.) and Pd(AcO); (0.01 eq.) in triethanolamine (1.2 mL/
mmol) was stirred, under Ny, at 100 °C for 72 h. After cooling at room
temperature, the reaction mixture was extracted with AcOEt (3x15 mL)
and the combined organic layers were washed with brine, dried on
anhydrous MgSO4 and concentrated under reduced pressure. The res-
idue was purified by column chromatography on silica gel using mix-
tures of Hexanes-EtOAc as eluent (7:3—1:1).

4.1.3. Experimental procedure for the synthesis of carbamates by method b
A solution of the stilbene (1 eq.) in THF (4 mL/mmol) was added to a

solution of triphosgene (2.1 eq.) in THF (0.7 mL/mmol). The resulting
mixture was stirred in the dark for 10 min at rt. Then Et3N (30,7 eq.) was
slowly added and the resulting residue was resuspended in THF (5.7
eq.). The corresponding phenol (5.7 eq.) was added to the mixture which
was stirred in the dark for 1 h at 45 °C. After this time, volatiles were
removed under reduced pressure and the remaining residue was dis-
solved in acetone. The precipitated was discarded by simple filtration
and the filtrate was concentrated under reduced pressure. The residue
was purified by column chromatography on silica-gel using mixtures of
Hexanes-EtOAc as eluent (9:1-1:1).
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4.1.4. Experimental procedure for synthesis of carbamates by method c

A solution of the stilbene (1 eq.) in THF (5 mL/mmol) was cooled at
0 °C and anhydrous pyridine (2.4 eq.) and the corresponding phenyl
chloroformate (1.4 eq.) were added under N3 atmosphere. The resulting
mixture was stirred in the dark for 20 min at 0 °C and then for 1 h at rt.
After this time, HoO (5 mL/mmol) and HCI 1 M (2.5 mL/mmol) were
added to the reaction mixture, which was then extracted with CH,Cl,
(83%x20 mL). The organic layer was washed with brine and then dried on
anhydrous NajSO4. Removal of volatiles under reduced pressure affor-
ded a residue which was purified by column chromatography on silica-
gel using mixtures of Hexanes-EtOAc as eluent (9:1-1:1).

4.2. Biological studies

4.2.1. Cell culture

Cell culture media were purchased from Gibco (Grand Island, NY).
Fetal bovine serum (FBS) was obtained from Harlan-Seralab (Belton, U.
K.). Supplements and other chemicals not listed in this section were
obtained from Sigma Chemical Co. (St. Louis, MO). Plastics for cell
culture were supplied by Thermo Scientific BioLite. All tested com-
pounds were dissolved in DMSO at a concentration of 20 mM and stored
at —20 °C until use.

HT-29, A-549, MCF-7 and HEK-293 cell lines were maintained in
Dulbecco’s modified Eagle’s medium (DMEM) containing glucose (1 g/
L), glutamine (2 mM), penicillin (50 pg/mL), streptomycin (50 pg/mL),
and amphotericin B (1.25 pg/mL), supplemented with 10 % FBS. For the
HMEC-1 cell line, it was used Dulbecco’s modified Eagle medium
(DMEM)/Low glucose containing glutamine (2 mM), penicillin (50 pg/
mL), streptomycin (50 pg/mL, and amphotericin B (1.25 pg/mL) sup-
plemented with 10 % FBS. For the development of the antiangiogenesis
test, the HMEC-1 cells were seeded on matrigel in EGM-2MV Medium
supplemented with EGM-2MV SingleQuots (Lonza, CA, USA).

4.2.2. Cell proliferation assay

5x10° cells per well were incubated in 96-well plates with serial
dilutions of the tested compounds in a total volume of 100 pL of their
growth media. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT; Sigma Chemical Co.) dye reduction assay in 96-well
microplates was used. 10 pL of MTT (5 mg/mL in phosphate-buffered
saline, PBS) was added to each well after 2 days of incubation (37 °C,
5 % CO> in a humid atmosphere). The plate was incubated for a further
3 h (37 °C). After that, the supernatant was discarded and 100 uL of
DMSO were added in order to dissolve formazan crystals. The absor-
bance was read at 550 nm by spectro-photometry. For all concentrations
of compound, cell viability was expressed as the percentage of the ratio
between the mean absorbance of treated cells and the mean absorbance
of untreated cells. Three independent experiments were performed, and
the ICso values (i.e., concentration half inhibiting cell proliferation)
were graphically determined using GraphPad Prism 4 software.

4.2.3. PD-L1, CD80 and CD-11b relative quantification by flow cytometry

To study the effect of the compounds on every biological target in
cancer cell lines compounds were used at the doses shown in Table 2. For
the assay, 10° cells per well were incubated for 24 h with the corre-
sponding dose of the tested compound in a total volume of 500 pL of
their growth media. To detect membrane PD-L1, CD80 or CD-11b, after
cell treatments, they were collected, fixed with 4 % in PBS para-
formaldehyde and stained with FITC Mouse monoclonal Anti-Human
CD80 (ab18279), Alexa Fluor® 647 Rabbit monoclonal Anti-CD11b
(ab307523) and Alexa Fluor® 647 Rabbit monoclonal Anti-PD-L1
(ab215251).

4.2.4. Cell viability evaluation in co-cultures

To study the effect of the compounds on cancer cell viability in co-
culture with Jurkat T or with THP-1 cells, 10° of A-549 cells line per
well were seeded and incubated for 24 h. Then, medium was changed by
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a cell culture medium supplemented with IFN-y (10 ng/ml; human,
Invitrogen®) containing 5x10° of Jurkat T or THP-1 cells per well and
the corresponding compound at adequated dose in pM. For the positive
control DMSO was added. After 24 or 48 h of incubation, supernatants
were collected to determine immune living cells. Besides, stained cancer
cells were collected with trypsin. Both types of suspension cells were
fixed with 4 % in PBS paraformaldehyde and counted by flow cytometry.

4.2.5. Secretion of cytokines quantification by ELISA assay

To study the effect of the compounds on secreted cytokines, 10° cells
per well were incubated for 24 h with the corresponding dose of the
tested compound in a total volume of 500 pL of their growth media.
These media were collected from monocultures or from co-cultures and
used as a sample in the Invitrogen® Human IL-6 ELISA Kit (cat:
KHCO0061), Invitrogen® Human TNF-a ELISA Kit (cat: KHC3014)
Human SAA-1 ELISA Kit (ab100635).

4.2.6. Statistical analysis

Statistical significance was evaluated using one-way ANOVA. Data
were expressed as means + SD for triplicates. The level of statistical
significance differences was set as P values of p < 0.05.
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