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ARTICLE INFO ABSTRACT

Keywords: We report here that synthetic cannabinoid WIN 55,212-2 inhibits tumor cell proliferation and induces cell death
WIN 55,212-2 of oral and pancreatic tumor cells, and the effect is much more pronounced on stem-like/poorly differentiated
Cancer stem cells (CSCs) 0SCSCs and MP2 cells when compared to well-differentiated OSCCs, and PL-12 tumor cells. In addition, WIN
lé)gie(r;r;g?tlon 55,212-2 decreases cell surface expression of CD44, CD54, MHC class I and PD-L1 on oral and pancreatic tumor

cells with the exception of PD-L1 expression on well-differentiated PL-12 pancreatic tumor cells which exhibits
an increase in the expression rather than a decrease. Overall, we demonstrate that WIN 55,212-2 has an
increased targeting activity against cancer stem cells/poorly differentiated oral and pancreatic tumor cells when
compared to well-differentiated tumor cells, and furthermore, such differences in function do not correlate with
the levels of CB1 and CB2 receptor expression on tumor cells, suggesting it’s function either through post-
receptor mediated activation and/or yet-to-be identified novel receptors. Intraperitoneal (IP) delivery of WIN
55-212-2 in humanized BLT mice is found to impart an activating potential for NK cells demonstrating increased
NK cell mediated cytotoxicity and secretion of IFN-y in our preliminary experiments. These results not only
suggest a direct targeting of CSCs/poorly differentiated tumors by WIN 55-212-2 but also by indirect targeting of
such tumors through the activation and increased functions of NK cells.

migration and invasion of tumors in several studies, such as glioblas-
toma [6], renal cell carcinoma [7], hepatocellular carcinoma [8], oste-

1. Introduction

Cannabinoid-based drugs have been used as palliative treatments
along with conventional therapy for amelioration of side effects of radio-
and chemotherapy to reduce nausea and stimulate appetite in cancer
patients [1]. Cannabinoids were shown to act through activating
cannabinoid receptors, CB1 and CB2. Both of these receptors were
shown to be increased on tumor cells of multiple origin, including
prostate, glioblastoma, hepatocarcinoma [2], breast [3], and non-small
cell lung cancer [4]. Components of endocannabinoid system has been
shown to have anti-tumor effects by inhibiting the proliferation and
inducing cell death through apoptosis [5]. WIN 55,212-2, a potent
cannabinoid receptor agonist with a chemical structure shown in
Fig. 1A, was previously reported to mediate anti-tumor effect through
inducing caspase-independent apoptosis, in addition to inhibiting

osarcoma [9], tumorigenic epidermal tumors [10], prostate tumors
[11], human Kaposi’s sarcoma tumors [12], mantle cell lymphoma [13],
melanoma [14] and breast cancers [15-17]. It was also reported that
WIN 55,212-2 synergistically increased the effects of radiotherapy in
breast cancer cell lines but not in normal breast epithelium, whereas
other cannabinoids such as CBD, nabilone and THC failed to enhance
anti-proliferative effects of radiation [15]. Furthermore, WIN 55,212-2
was shown to reduce tumor burden, lung metastasis and tumor induced
angiogenesis in vivo in mouse models of breast cancer [3], non-small cell
lung cancer [4] and nonmelanoma skin cancer [10].

Tumors contain a population expressing CD133, ALDH and CD44
phenotype, with a specific genetic signature known as cancer stem-like
cells, which sustain tumor growth because of self-renewal capacity and
high rates of proliferation [18-21]. In addition, CSCs/undifferentiated
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Abbreviations

CSC cancer stem cells

MHC class I Major Histocompatibility Complex Class I
PD-L1  Program Death Ligand 1

CBD Cannabidiol

THC Tetrahydrocannabinol

PD-1 Program Death-1

EDTA  Ethylenediamine tetraacetic acid
0SCC Oral Squamous Carcinoma Cells
OSCSC  Oral Squamous Carcinoma Stem Cells
CDDP cis-diamminedichloroplatinum(II)

MP2 Mia-PaCa2
PI Propidium Iodide

or poorly differentiated tumors are known to have aggressive phenotype
with a potential to give rise to metastatic growth after implantation of
few tumor cells in mice [19,22-24]. We, as well as others, have previ-
ously demonstrated that NK cells target both normal healthy [25-27], as
well as a number of different CSCs/poorly differentiated tumors [28,29].
Indeed, it is possible that NK cells are important in selecting and dif-
ferentiation of many different types of stem cells, including adipose
tissue stem cells [30,31]. In addition, our recent work based on several

A B OSCCs
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different CSCs/undifferentiated tumors such as pancreatic, oral, mela-
noma, glioblastoma and lung has established NK cells as the major im-
mune effectors responsible for targeting and differentiation of these
tumors [32-34]. Indeed, we have recently found that all of the generated
invasive clones of breast tumors with different genetic/epigenetic and
phenotypic abnormalities were not only enriched by CSCs but also they
were highly susceptible to NK cell mediated cytotoxicity, and increased
secretion of IFN-y, as compared to their parental lines [35]. In addition,
in all different types of CSCs which we have examined and reported
previously, a generalized profile of surface receptor expression was
identified, demonstrating a lack or a decrease in the levels of MHC-class
I, CD54 and PD-L1 and an increase in CD44 expression [33,34]. We have
used these surface markers to successfully differentiate between a
number of distinct stem-like/poorly differentiated and well differenti-
ated tumor types [32,36-39]. In addition, CSCs/undifferentiated tumors
have the ability to proliferate significantly and give rise to much larger
numbers of tumor cells, whereas their differentiated counterparts
proliferated less and gave rise to much lower numbers of tumor cells
[34]. Consequently, CSCs/undifferentiated tumors form larger tumors
and were able to invade and metastasize to other organs, whereas their
differentiated counterparts formed smaller tumors and were not able to
metastasize [34,40]. Interestingly, although CSCs/undifferentiated tu-
mors were highly susceptible to NK cell mediated cytotoxicity, they were
greatly resistant to the effect of chemotherapeutic drugs [32,40].
Therefore, due to significant heterogeneity in tumor cells, it is quite

OSCSCs

Fig. 1. WIN 55,212-2 treatment induced more pronounced shift in morphology and decreased viability in stem-like OSCSCs more than in differentiated
0SCCs. Chemical structure of WIN 55,2122 (A). Tumor cells were cultured at 3 x 10° cells per ml in 12 well plates and treated with different concentrations of WIN
55,212-2 as shown in the figure, and images of the cells were taken under 400 x magnification using DMI6000 B inverted microscope and LAS X software. OSCCs and
OSCSCs were treated with CDDP (50 pg/mL) and different concentrations of WIN 55,212-2 for 24 h before the microscopic images were taken. Scale bar = 50 pm (B).
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challenging to eliminate tumors and predict the disease outcome [41].
Despite numerous studies on the anti-tumor effect of WIN 55,212-2, its
effect on differentiated vs stem-like tumor cells still remains to be
elucidated. In this study, by using the four surface markers of CD44,
MHC class I, CD54 and PDL-1we investigated the effects of WIN 55,
212-2 on poorly differentiated/cancer stem like cells (CSCs) and their
counterpart, differentiated tumor cells in oral and pancreatic tumors.
For the first time, we demonstrate that the anti-proliferative and the
direct cytotoxic effect of WIN 55,212-2 are more pronounced on poorly
differentiated/CSC-like =~ tumors when compared to their
well-differentiated counterparts, even though they can also inhibit the
growth and proliferation of well-differentiated tumors. In addition, in
our preliminary experiments, by activating NK cells in humanized BLT
mice, WIN 55,212-2 was able to increase the cytotoxic function of NK
cells against OSCSCs/poorly differentiated tumors.

2. Materials and methods
2.1. Cell lines and reagents

RPMI 1640 (Gibco, Thermo Fisher Scientific, USA) complete medium
with 10% fetal bovine serum (FBS) (Gemini Bio-Products, San Diego,
CA, USA), 1.4% of non-essential amino acid (Gibco, Thermo Fisher
Scientific, USA), 1.4% sodium pyruvate (Gibco, Thermo Fisher Scienti-
fic, USA), 0,15% of sodium bicarbonate (Fisher Scientific, Waltham, MA,
USA) and 1% antibiotics/antimycotics (Gemini Bio-Products, San Diego,
CA, USA) was used for oral tumor culture. DMEM (Gibco, Thermo Fisher
Scientific, USA) supplemented with 10% FBS and 1% antibiotics/anti-
mycotics was used for pancreatic tumor cell culture. Oral squamous
carcinoma cells (OSCCs) and oral squamous carcinoma stem cells
(OSCSCs) were isolated from cancer patients with tongue tumor at UCLA
[36-38]. Human pancreatic cancer cell lines MIA PaCa-2 (MP2) and
PL-12 were generously provided by Dr. Guido Eibl (UCLA David Geffen
School of Medicine) and by Dr. Nicholas Cacalano (UCLA Jonsson
Comprehensive Cancer Center), respectively [42]. Antibodies to CD44,
MHC class-I, CD54 and PD-L1 used for flow cytometry were purchased
from BioLegend (San Diego, CA). Propidium iodide (PI) was purchased
from Sigma-Aldrich (St. Louis, MO). WIN 55,212-2 mesylate was pur-
chased from Tocris Bioscience (Bristol, UK). CDDP was purchased from
Ronald Reagan UCLA Medical Center Pharmacy. PE conjugated CB1R
and Alexa fluor 488 conjugated CB2R antibodies were purchased from
Biotechne (NE, MN). TNF-a and IFN-y were purchased from Peprotech
(Rockyhill, NJ).

2.2. Microscopy

Tumor cells were cultured at 3 x 10° cells per ml in 12 well plates
and treated with different concentrations of WIN 55,212-2 and CDDP as
described in the figure legends and images of the cells were taken under
400x magnification using DMI6000 B inverted microscope and LAS X
software (both Leica, Wetzlar, Germany).

2.3. Cell count

Tumor cells were cultured at 3 x 10° cells per ml in 12 well plates
and treated with different concentrations of WIN 55,212-2 and CDDP as
described in the figure legends, and the detached cells were collected
before the wells were washed with 1 x PBS and the attached cells were
harvested with trypsin-0.25% EDTA (Gibco, Thermo Fisher Scientific,
PA, USA) and they were combined with detached cells and counted. The
number of viable cells was counted under light microscope using Trypan
Blue staining (Sigma, MO, USA).

2.4. Surface staining and cell death assays

Tumor cells were cultured at 3 x 10° cells per ml in 12 well plates
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and treated with different concentrations of WIN 55,212-2 and CDDP as
described in the figure legends, and the detached cells were collected
before the wells were washed with 1 x PBS and the attached cells were
harvested with trypsin-0.25% EDTA (Gibco, Thermo Fisher Scientific,
PA, USA) and they were combined with detached cells before they were
stained with the antibodies and Propidium Iodide (PI) (Sigma, Aldrich).
Cell surface receptor staining was performed by labeling the cells with
PE-conjugated antibodies against CD44, CD54, PD-L1, CB1R and MHC
class I or propidium iodide (PI) and Alexa fluor 488 conjugated CB2R as
described previously [43,44]. Attune NxT flow cytometer (Thermo
Fisher Scientific, MA, USA) were used to run the samples and the results
were analyzed using FlowJo vX software (BD, OR, USA).

2.5. Statistical analysis

A paired or unpaired, two-tailed Student t-test was performed for the
statistical analysis using Prism-7 software (Graphpad Prism, CA, USA) to
compare different groups. The following symbols represent the levels of
statistical significance within each analysis, *** (p-value < 0.001), ** (p-
value 0.001-0.01), * (p-value 0.01-0.05)

3. Results

3.1. WIN 55,212-2 inhibited cell proliferation and induced cell death in
oral tumor cells, and the effect was more pronounced in stem-like OSCSCs

Oral squamous carcinoma cells (OSCCs) and oral squamous carci-
noma stem like tumor cells (OSCSCs)/poorly differentiated tumors were
treated with different concentrations of WIN 55,212-2 (50-100 pM) and
cis-diamminedichloridoplatinum (II) (CDDP) (50 pg/mL) for 24 h. CDDP
is a chemotherapeutic drug shown to be more cytotoxic to well-
differentiated tumor cells previously [32], and was used to compare
it’s effect to the killing ability of WIN 55,2122 in this study. No dif-
ferences in either Forward/Side scatter of the tumor cells representing
the health of the tumor cells nor the levels of cell death could be seen
between untreated or those treated with the highest concentrations of
DMSO vehicle used to solubilize WIN 55,212-2 (Fig. SIA and S1B).
When treated with low concentrations of WIN 55,212-2, OSCCs
remained viable (data not shown). After treatment with 50 pM or higher
concentrations of WIN 55,212-2, some of the OSCCs still remained
viable but others rounded up and detached and were not viable
(Fig. 1B). OSCSCs, the stem-like tumor cells, became detached from the
culture plates when treated with WIN 55,212-2 (Fig. 1B). On the other
hand, CDDP caused OSCCs’ loss of morphology, and the majority were
detached from the plates. Despite the loss of some morphology in
OSCSCs, the majority of these cells were still attached to the cell culture
plate after CDDP treatment (Fig. 1B).

Cell growth of OSCCs and OSCSCs was evaluated after WIN 55,212-2
(10-100 pM) and CDDP (50 pg/mL) treatments by visually counting the
numbers of viable cells using microscopy. WIN 55,212-2 decreased the
cell numbers of OSCC by 10-25% after 24 h of treatment, whereas a
greater decrease was observed in the cell numbers of OSCSC, ranging
from 40% to 65% (Fig. 2). In contrast, CDDP was found to inhibit cell
growth of OSCCs more than those seen with OSCSCs (Fig. 2). In addition,
we have observed significant dose dependent decrease in forward scat-
ter/side scatter in OSCCs treated with different concentrations of WIN
55,212-2 (Fig. S1B), demonstrating the decrease in the size of these
tumors by WIN 55,212-2, a criteria which were previously used to
determine the early stages of apoptosis in the cells [45].

Cell death was then evaluated after WIN 55,212-2 and CDDP treat-
ment by using propidium iodide (PI) staining and flow cytometric
analysis. Concentrations of 75 and 100 pM WIN 55,2122 induced cell
death in OSCCs up to 10% after 24 h of treatment, however, higher cell
death was detected in OSCSCs at all concentrations tested (Fig. 3 and
S1C-S1G). As expected, CDDP triggered more cell death in OSCCs when
compared to OSCSCs (Fig. S1C, S1E and S1F). Although on average,
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Fig. 2. WIN 55, 212-2 treatment induced a greater decrease in the growth
of stem-like/poorly differentiated OSCSCs. Tumor cells were cultured at 3 x
10° cells/ml in 12 well plates and treated with different concentrations of WIN
55,212-2 and CDDP as shown in the figure for 24 h, and the detached cells were
collected before the wells were washed with 1 x PBS and the attached cells
were harvested using trypsin-0.25% EDTA, and they were combined with de-
tached cells and counted. The number of viable cells was counted under light
microscope using Trypan Blue staining. Data are shown as Mean + SD.
Compiled data from three independent experiments performed as shown. An
unpaired, two tailed Student t-test was performed for the statistical analysis
using Prism-7 software to compare within treatment group. The following
symbol represent the levels of statistical significance within each analysis, **
(p-value 0.001-0.01).
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Fig. 3. WIN 55,212-2 induced greater cell death in stem-like OSCSCs
when compared to differentiated OSCCs. Tumor cells were cultured at 3 x
10° cells per ml in 12 well plates and treated with different concentrations of
WIN 55,212-2 and CDDP as shown in the figure for 24 h, and the detached cells
were collected before the wells were washed with 1 x PBS and the attached
cells were harvested using trypsin-0.25% EDTA, and they were combined with
detached cells. PI staining was used to determine the cell death by flow
cytometry. Data are shown as Mean + SD. Compiled data from four indepen-
dent experiments performed is shown. An unpaired two-tailed Student t-test
(was performed for the statistical analysis using Prism-7 software.

higher cell death was observed in OSCSCs by WIN 55,212-2 treatment
when compared to OSCCs in each single experiment, when considering
all the independent experiments between the two different tumors, the
values obtained did not achieve statistical significance due to variability
between the experiments carried out in different days. The average
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amount of cell death induced by CDDP was higher in OSCCs when
compared to OSCSCs, and the amounts of cell death induced at higher
concentrations of WIN 55,212-2 (25-100 pM) in OSCSCs were either
similar or higher when compared to those induced by CDDP (Fig. 3 and
S1C and S1F). Therefore, WIN 55,212-2 is a potent inducer of cell death
in poorly differentiated oral tumor cells.

3.2. WIN 55,212-2 decreased cell surface expression of CD44, CD54,
MHC class I and PD-L1 on oral tumor cells

Next, we analyzed cell surface receptor expression of CD44, CD54,
MHC class I and PD-L1 on oral tumor cells after different concentrations
of WIN 55,212-2 treatment. Decreased expression of CD44, CD54, PD-
L1 and MHC class I was detected in OSCCs after WIN 55,212-2 treat-
ment when compared to untreated controls. The effect was most pro-
nounced with the highest concentrations of WIN 55,212-2 (50 pM)
(Fig. 4 and S2). Similarly, the expression of CD44, CD54 and PD-L1 in
OSCSCs decreased after WIN 55,2122 treatments. In contrast to OSCCs,
MHC class I expression in OSCSCs remained unchanged after WIN
55,212-2 treatment (Fig. 4 and S2). Significantly greater decrease in cell
surface MHC class I expression after WIN 55,212-2 treatment was
detected in OSCCs when compared to OSCSCs since OSCCs express much
higher levels of MHC class I on their surface (Fig. 4).

3.3. Decrease in cell proliferation and induction of cell death by WIN
55,2122 in stem-like MP2 tumor cells when compared to differentiated
PL-12 tumor cells

Well-differentiated PL-12 and poorly differentiated/stem like MP2
pancreatic tumor cells were treated with different concentrations of WIN
55,212-2 for 24 h before their respective cell images were taken by
microscopy. The results were compared to the treatment of the tumors
with CDDP (Fig. 5). PL-12 tumor cells maintained their morphology and
remained viable after WIN 55,2122 treatment, although some floating
and non-viable cells were seen in the culture plates at the highest con-
centration of WIN 55,212-2 (Fig. 5). In contrast, MP2 tumor cells had
largely lost their shape and morphology, and had detached from the
plates, and were sickly after treatment with WIN 55,212-2 (Fig. 5). In
comparison to WIN 55,212-2, CDDP affected both PL-12 and MP2 tu-
mors morphologically (Fig. 5).

Viable cell numbers in the cell cultures were determined after
treatment of tumors with different concentrations of WIN 55,212-2
using microscopy. Decreased numbers of viable cells were seen in both
PL-12 and MP2 tumors cells by 50-70% and 60-85%, respectively
(Fig. 6). Therefore, there was a significantly greater decrease in cell
numbers, in two concentrations, after WIN 55,2122 treatment in MP2
tumor cells when compared to PL-12 tumors when the independent
experiments were compiled from different days. In addition, decreased
numbers of MP2 tumor cells by the highest concentrations of WIN
55,212-2 (75 and 100 pM) was similar to those seen in CDDP treated
groups (Fig. 6).

Next, we determined the levels of cell death induced by
WIN55,212-2 and CDDP using PI staining and flow cytometric analysis.
Significantly higher percentages of dead cells were seen in poorly
differentiated/stem-like MP2 (approximately 30%) when compared to
differentiated PL-12 (up to 20%) after treatment with different con-
centrations of WIN 55,212-2 (25-100 pM)(Fig. 7 and S3A-S3E). In
contrast, cell death induced by CDDP was higher in PL-12 in the
representative experiment (Fig. S3A) and similar in compiled data when
compared to MP2 tumors due to variability we see among the different
experiments (Fig. 7 and S3A-S3D). In the paired compiled experiments,
when compared within the same concentration of WIN 55-212,2, PL12
has lower cell death than MP2 tumor cells across treatment groups
(Fig. S3D).
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Fig. 4. Significant decrease in MHC class I
expression was seen on OSCCs after treatment
with different concentrations of WIN
55,212-2. Tumor cells were cultured at 3 x 10°
cells per ml in 12 well plates and treated with
different concentrations of WIN 55,212-2 as
shown in the figure, and the detached cells were
collected before the wells were washed with 1 x
PBS and the attached cells were harvested with
trypsin-0.25% EDTA, and they were combined
with detached cells before they were stained with
the PE conjugated antibodies to CD44, CD54,
MHC class-I and PD-L1. Attune NxT flow cytom-
eter were used to assess stained samples and the
results were analyzed using FlowJo vX software.
Closed symbols represent OSCSCs and open sym-
bols represent OSCCs and a variety of symbols
represent different concentrations of WIN
55,212-2 as indicated in the figure (circle: 5 pM,
square: 10 pM, triangle: 25 pM, diamond: 50 pM).
The results of two independent experiments are

shown across a number of different concentra-
tions of WIN 55,212-2. Data are shown as Mean
+ SD. An unpaired, two tailed Student t-test was

CDhs4 MHC1

3.4. Cell surface expressions of CD44, CD54, PD-L1 and MHC class I
were down-regulated in pancreatic tumor cells after WIN 55,212-2
treatment

Cell surface expressions of CD44, CD54, PD-L1 and MHC class I were
analyzed on PL-12 and MP2 tumor cells after WIN 55,212-2 and CDDP
treatments. Decreased cell surface expression of CD44 was seen on both
PL-12 and MP2 tumor cells after 48 h of treatment with WIN 55,212-2
(Fig. 8 and S4). Similar to oral tumors, WIN 55,212-2 treatment
decreased the expression of CD54 on both MP2 and PL-12 tumor cells.
However, the expressions of PD-L1 were seen to be increased on PL-12
but decreased on MP2 tumor cells after WIN 55,212-2 treatment
(Fig. 8 and S4). MHC class I expressions were found to be either not
changed or slightly decreased on PL-12 tumor cells but decreased on
MP2 tumor cells (Fig. 8 and S4)

Taken together, WIN 55,212-2 treatment down-regulated expression
of all cell surface receptors in differentiated PL-12 and poorly
differentiated/stem-like MP2 tumor cells with the exception of PD-L1, in
which expressions were up-regulated on PL-12 tumor cells after treat-
ment. Also, the extent of decrease in all surface receptor expressions on
MP2 tumor cells was significantly greater than those seen on PL-12
tumor cells after WIN 55,212-2 treatments (Fig. 8).

3.5. Surface expression of CB2R but not CBIR on oral and pancreatic
tumors

To determine whether there is a correlation between the expression
of the CB1 and CB2 receptors and higher sensitivity to WIN 55,212-2
effect in tumor cells, we assessed the levels of these receptors on the
surface of both stem-like/poorly differentiated and well-differentiated
oral and pancreatic tumor cells. We did not observe expression of CB1
receptors on any of the tumor cells tested (Fig. 9A). Surface expressions
of CB2 receptors were seen on both oral and pancreatic tumor cells, with
well-differentiated tumors having higher expressions than stem-like/
poorly differentiated tumor cells (Fig. 9A). As shown in Fig. 9A the
levels of differentiation in OSCCs and PL-12 tumor cells is correlated
with decreased surface expressions of CD44 when compared to those
expressed on the surface of OSCSCs and MP2 tumor cells. We next

FD-L1

performed for the statistical analysis using Prism-
7 software to compare within tested cell lines. The
following symbol represent the levels of statistical
significance within each analysis, * (p-value

0.01-0.05). Mean Flourescence Intensity (MFI).

differentiated the stem-like/poorly differentiated tumor cells with IFN-y
and TNF-a treatment as established in a number of previous publications
[36,37,40,42,46], and assessed the levels of receptor expression.
Treatment with IFN-y and TNF-a increased CB2 receptor expression on
differentiated stem-like/poorly differentiated tumor cells (Fig. 9B).
Therefore, no correlation could be observed for increased CB2 receptor
expression and increased cell death in both oral and pancreatic tumor
cells. In contrast, we observed an increased CB2 receptor expression on
well-differentiated tumor cells with lower induction of cell death after
WIN 55, 212-2 treatment in comparison to stem-like/poorly differen-
tiated tumors with lower expression of CB2 receptors but higher in-
duction of cell death after WIN 55, 212-2 treatment.

4. Discussion

Mounting evidence indicates that cannabinoids have profound anti-
proliferative and anti-tumor effect against a variety of tumor types.
Several studies have also reported the underlying mechanisms of anti-
tumor activity of cannabinoids. However, previous studies did not
differentiate the effect of cannabinoids on tumor cells in different stages
of differentiation. We sought to determine the effect of cannabinoid on
both well-differentiated as well as poorly differentiated tumor cells. We
and others have previously demonstrated that several CSCs and poorly
differentiated tumor cells were resistant to the effects of chemotherapy,
whereas their well-differentiated tumor cells were relatively more sus-
ceptible [32,37]. Indeed, the primary NK cells activated with IL-2 were
the only cell type that was found to target CSCs/poorly differentiated
tumor cells but not the well-differentiated tumor cells [47]. Therefore, it
is extremely important to find drugs or other factors that can target
resistant CSCs/poorly differentiated tumor cells since these tumors seed
the cancer and have metastatic potential, unlike the well-differentiated
tumor cells [37,47-51]. We report here that synthetic cannabinoid WIN
55,212-2 has the potential to target and kill CSCs/poorly differentiated
tumor cells. Although WIN 55,212-2 can also target the
well-differentiated tumor cells, its effect is more pronounced on
CSCs/poorly differentiated tumor cells. This is different from those seen
by chemotherapeutic drugs since these drugs have a greater ability to
target well-differentiated tumor cells and in certain tumors they do not
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PL-12

affect the course of CSCs/poorly differentiated tumor cells [37,47-51].

In our previous studies we have identified and characterized a
number of oral and pancreatic tumor lines in different stages of differ-
entiation [36,37,40,42,46]. By using four surface receptors of CD44,
CD54, MHC class I and PD-L1, we were able to differentiate between
CSCs/poorly differentiated tumor cells, moderately differentiated tumor
cells and well-differentiated oral and pancreatic tumor cells [36,37,40,
42,46] CSCs/poorly differentiated tumor cells exhibited higher CD44
and lower or no expression of CD54, MHC class I and PD-L1, whereas
well-differentiated tumor cells expressed lower CD44 and higher ex-
pressions of CD54, MHC class I and PD-L1 [36,37,40,42,46]. These
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Fig. 5. WIN 55,212-2 treatment induced
more pronounced shift in morphology and
decreased viability in stem-like MP2 tumor
cells more than in well-differentiated PL-12
tumor cells. Tumor cells were cultured at 3 x
10° cells per ml in 12 well plates and treated with
different concentrations of WIN 55,212-2 as
shown in the figure, and images of the cells were
taken under 400 x magnification using DMI6000
B inverted microscope and LAS X software. MP2
and PL-12 tumor cells were treated with CDDP
(50 pg/mL) and different concentrations of WIN
55,212-2 for 24 h before the microscopic images
were taken. Scale bar = 50 pm.

studies formed the basis, and facilitated the work reported in this paper
with WIN 55,212-2 since we used these four surface antigens to study
the effect of WIN 55,212,2 on oral and pancreatic tumor cells. We
observed that tumor cell surface expressions of these four receptors were
greatly modulated/decreased on both oral and pancreatic tumors by
WIN 55,212-2, likely due to the ability of this compound to block pro-
liferation, induce cell death and/or modulate the surface receptors. The
ability to decrease cell surface expression by WIN 55,212-2 were seen
on both well-differentiated and CSCs/poorly differentiated tumor cells,
even though, WIN 55,212-2 had greater ability to induce decrease in cell
numbers and increase cell death in CSCs/poorly differentiated tumor
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Fig. 6. WIN 55,212-2 caused a greater
decrease in cell numbers of stem-like MP2
when compared to PL-12. Tumor cells were
cultured at 3 x 10° cells per ml in 12 well

100 plates and treated with different concentra-
® PL12 tions of WIN 55,212-2 and CDDP as shown
St Oj% in the figure for 24-48 h, and the detached
o
= 80— & °o MP2 cells were collected before the wells were
g washed with 1 x PBS and the attached cells
Z were harvested using trypsin-0.25% EDTA,
% 60— and they were combined with detached cells
Q 5 and counted. The number of viable cells was
= ? counted under light microscope using Try-
o pan Blue staining. Data are shown as Mean
[72] . .
s 40— + SD. Compiled data from three experiments
.'a performed is shown. An unpaired, two tailed
s Student t-test was performed for the statisti-
20— cal analysis using Prism-7 software. The
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tistical significance within each analysis, *
(p-value 0.01-0.05).
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Fig. 7. WIN 55,212-2 induced higher cell death in stem-like MP2 cells
compared to differentiated PL-12, whereas the effects of CDDP were pro-
nounced on both PL-12 and MP2. Tumor cells were cultured at 3 x 10° cells
per ml in 12 well plates and treated with different concentrations of WIN
55,212-2 and CDDP as shown in the figure for 24-48 h, and the detached cells
were collected before the wells were washed with 1 x PBS and the attached
cells were harvested using trypsin-0.25% EDTA, and they were combined with
detached cells. PI staining was used to determine the cell death by flow
cytometry. Data are shown as Mean + SD. Compiled data from two experiments
is shown. An unpaired two-tailed Student t-test was performed for the statistical
analysis using Prism-7 software. The following symbols represent the levels of
statistical significance within each analysis, * (p-value 0.01-0.05), ** (p-
value 0.001-0.01).

cells when compared to well-differentiated tumor cells. This may sug-
gest that perhaps WIN 55,212-2 can also sensitize the
well-differentiated tumor cells to NK cell mediated cytotoxicity since it
will decrease the levels of MHC class I expression which are known to

Fig. 8. Surface expressions of CD44, CD54 and MHC class I was decreased
on MP2 and PL-12 tumor cells, while PD-L1 was increased on PL-12 and
decreased on MP2 tumors after WIN 55, 212-2 treatment. Tumor cells were
cultured at 3 x 10° cells per ml in 12 well plates and treated with different
concentrations of WIN 55,212-2 as shown in the figure, and the detached cells
were collected before the wells were washed with 1 x PBS, and the attached
cells were harvested with trypsin-0.25% EDTA, and they were combined with
detached cells before they were stained with the PE conjugated antibodies to
CD44, CD54, MHC class I and PD-L1. Attune NxT flow cytometer were used to
run the samples and the results were analyzed using FlowJo vX software. Closed
symbols represent PL-12s and open symbols represent MP2s and a variety of
symbols represent different concentrations of WIN 55,2122 treated as indi-
cated (circle: 25 pM, square: 50 pM, triangle: 75 pM, diamond: 100 pM). The
results of two independent experiments are shown across a number of different
concentrations of WIN 55,212-2. Data are shown as Mean + SD. An unpaired,
two tailed Student t-test was performed for the statistical analysis using Prism-7
software to compare within tested cell lines. The following symbols represent
the levels of statistical significance within each analysis, * (p-value 0.01-0.05),
** (p-value 0.001-0.01). Mean Flourescence Intensity (MFI)
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Fig. 9. Surface expressions of CB2R but not CBIR on differentiated and stem-like/poorly differentiated tumor cells with differentiated tumors having
higher expression of CB2R. Tumor cells were cultured at 3 x 10° cells per ml in 12 well plates before the wells were washed with 1 x PBS and the tumors were
harvested with trypsin-0.25% EDTA before they were stained with the PE conjugated antibodies to CB1R and CD44 and Alexa fluor 488 conjugated CB2R (shown in
red). Isotype control antibodies were used to exlcude non-specific staining (shown in blue). Attune NxT flow cytometer were used to run the samples and the results
were analyzed using FlowJo vX software. One of two independent experiments is shown in (A). OSCSCs were cultured at 3 x 10° cells per ml in 12 well plates before
they were treated with the combination of IFN-y (10 ng/ml) and TNF-a (10 ng/ml) for 48 h. The tumors were then washed with 1 x PBS and detached by the use of
trypsin-0.25% EDTA before they were stained with Alexa fluor 488 conjugated CB2R antbodies. The stained sample were assessed using Attune NxT flow cytometer,

and the results were analyzed using FlowJo vX software (B).

inhibit the function of primary activated NK cells. Indeed, in our pre-
liminary experiments in Hu-BLT mice, intraperitoneal injection of WIN
55,212-2 increased the cytotoxic function of NK cells in PBMCs
(Fig. S5A and S5B) and augmented IFN-y secretion (Fig. S5C) and
immune-spots in PBMCs (Fig. S5D), and IFN-y immune-spots in bone
marrow (Fig. S5E), spleen (Fig. S5F) and purified CD3" T cells
(Fig. S5G), similar to those observed by the peritoneal injection of IL-15
or feeding with AJ2 probiotic bacteria (Fig. S5). Therefore, not only WIN
55,212-2 can directly target and kill the CSCs/poorly differentiated
tumors but also in vivo it can also activate the function of NK cells to
indirectly target these tumors.

PD-L1 expression is decreased on MP2 tumor cells but not on PL-12
tumor cells, suggesting that WIN 55,2122 may have differential effects
on the expression of PD-L1 on different tumor cell types. PD-L1 is known
to inhibit the function of cytotoxic immune effectors by binding to PD-1
[52,53]. Therefore, by decreasing the levels of PD-L1 on
stem-like/poorly differentiated tumor cells, WIN 55,212-2 can release
the break on the immune cell function and increase their ability to lyse
tumors, however, by increasing PD-L1 on PL-12 tumors it may induce
the opposite effect, in which it may block the immune function through
increased binding to PD-1. It is possible that the decrease in cell surface
receptors on tumor cells is due to the ability of WIN 55,212-2 to induce
cell death in the tumor cells, but a direct effect of WIN 55,212-2 on
surface receptors of tumor cells cannot be ruled out at present. However,
it was shown that, cannabinoid use with anti-PD-1 agent nivolumab
decreased the response rate to therapy in patients with advanced ma-
lignancies [54]. Therefore, it is possible that WIN 55,212-2 may have
differential effect on tumors depending on the tumor type and their
differentiation status.

The effect of WIN 55,212-2 on CSCs/poorly differentiated tumor
cells as compared to well-differentiated tumor cells can be due to dif-
ferential expression of cannabinoid receptors [4]. However, our studies
did not demonstrate an increased expression or indicate differential
expression of CB1 receptors on either stem-like tumor cells or on their

differentiated counterparts (Fig. 9). In contrast, CB2 receptor expres-
sions were higher on differentiated OSCCs and PL-12 tumor cells when
compared to stem-like OSCSC and MP2 tumor cells, although
stem-like/poorly differentiated tumor cells also exhibited some CB2
expressions (Fig. 9A). In addition, when OSCSCs were differentiated by
using the combination of recombinant human IFN-y and TNF-a in which
MHC class I, CD54 and PD-L1 were significantly increased as reported
previously [36,37,40,42,46], we could also observe an increase in CB2
receptor expression (Fig. 9B). Studies reported previously, demonstrated
expression of CB1 receptors on normal tissues whereas on malignant
tissues the levels of CB2 receptors were upregulated, and the expressions
were more prominent on the differentiated tumor cells, as reported in
our study [55,56]. Indeed, the high expression of CB2 receptors was
more frequent in well-differentiated hepatocellular carcinoma (HCC)
tissue samples than in normal liver, chronic hepatitis, or less differen-
tiated HCCs [55]. Moreover, similar to those reported in this paper,
studies reported by Carracedo et al., demonstrated higher mRNA and
protein expression by Western blot analysis of CB2 receptors in Capan2
tumor cells which have a well-differentiated phenotype when compared
to MP2 tumor cells [42]. However, in the same study, MP2 tumor cells
were found to have significantly higher sensitivity to lower concentra-
tions of THC when compared to Capan2 tumor cells, similar to our study
[56]. Thus, contrasting observations on the levels of CB2 receptor
expression and ligand function in which an increased CB2 receptor
expression was observed in the absence of an increase in the function has
been demonstrated in previous studies and in our current study [7,57,
58]. Lack of correlation between CB2 receptor expression on OSCSCs
versus OSCCs and MP2 versus PL-12 and contrasting functions of WIN
55,212-2 on these tumor cells could potentially be due to differences at
the post-receptor signaling pathways in the tumor cells or it can be due
to the expression of other receptors yet-to-be identified. These different
scenarios are currently under investigation in our laboratory and will be
reported in the future studies. In agreement with the higher expression
of CB2 receptors on differentiated tumor cells, we also observed
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increased induction of CB2 receptor expression when OSCSCs were
differentiated by the addition of recombinant human IFN-y and TNF-«
treatment as established in our previous studies [36,37,40,42,46]. In
addition, normal colonic tissues expressed CB1 receptors whereas the
colonic tumor tissues or colonic epithelium in inflammatory bowel
disease were strongly positive for CB2 receptor expression [59,60].
Therefore, at present it is not entirely clear how WIN 55,212-2 functions
to kill the oral and pancreatic stem-like tumor cells. However, it is
possible, that binding to CB2 receptors on differentiated tumors is suf-
ficient to induce cell death, albeit the levels of cell death are less when
compared to those induced in stem-like tumors. Our future studies will
focus on delineation of underlying mechanisms which govern the
function of WIN55,212-2 in the lysis of stem-like tumors, and its po-
tential role in activation of NK cell function.

5. Conclusion

Overall, our studies indicate that synthetic cannabinoid WIN 55,212-
2 has greater killing effect on CSCs/poorly differentiated tumor cells
than well-differentiated tumor cells and may have potential to be used in
patients with aggressive and metastatic tumors. Whether other canna-
binoids behave similarly should await for future investigations.
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