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ABSTRACT

Members of the rat sarcoma viral oncogene (RAS) subfamily KRAS are frequently
mutated oncogenes in human cancers and have been identified in pancreatic ductal,
colorectal, and lung adenocarcinomas. In this study, we show that a derivative of
the hormone peptide Tumor Cell Apoptosis Factor (TCApF), Nerofe™ (dTCApFs), in
combination with Doxorubicin (DOX) substantially reduces viability of tumor cells. It
was observed that the combination of Nerofe and DOX downregulated KRAS signaling
via miR217 upregulation, resulting in enhanced apoptosis of tumor cells. In addition,
the combination of Nerofe and DOX also resulted in activation of the immune system
against tumor cells, manifested by an increase in the immunostimulatory cytokines
IL-2 and IFN-y as well as the recruitment of NK cells and M1 macrophages to the

tumor site.

INTRODUCTION

Kirsten rat sarcoma virus (KRAS) is a member of the
Rat Sarcoma Viral Oncogene (RAS) subfamily, which is a
member of the RAS protein superfamily [1]. RAS proteins
act as on/off switches that regulate a wide range of essential
cellular processes including differentiation, proliferation,
morphology, polarity, adhesion, migration, and apoptosis
[2]. KRAS was discovered in 1983 by Willer and Lowy
independently in human lung cancer cells [3, 4]. In
proximity to this discovery, Neuroblastoma and Harvery rat
sarcoma viral oncogenes (NRAS and HRAS), two KRAS
paralogs, have been discovered [5—7]. KRAS, HRAS, and
NRAS are oncogenes that are frequently mutated human
cancers [8], with KRAS mutations being the most prevalent,
forming 85% of all RAS mutations and affecting about
13% of cancer patients [9]. mtKRAS is found in many
types of cancers, but the prevalence of KRAS mutations
differs greatly between cancers. It has been identified in
approximately 88% of pancreatic ductal adenocarcinomas
(PDAC), 47% of colorectal adenocarcinomas (CRC), and
33% of lung adenocarcinomas [10, 11].

Most mutations in Ras genes are missense mutations
that impair Ras GTPase, causing the Ras protein to be

locked in a GTP-bound active state, thereby activating
downstream oncogenic pathways. KRAS mutations occur
early in tumor development, and hotspot residues G12,
G13, and Q61 are highly conserved coding sequences that
are the most common mutation sites [12—14].

Dysregulation of KRAS leads to tumor growth,
and its signaling pathways induce modifications in the
solid tumor microenvironment (TME). The downstream
effector pathways of mtKRAS have been linked with
decreased expression Major Histocompatibility Class I
(MHC 1) and increased expression of programmed
cell death-ligand 1 (PD-L1). The accumulation and
maintenance of myeloid-derived suppressor cells
(MDSCs) in the TME has also been attributed to
mtKRAS, contributing to the immunosuppressive state
of the TME [15], all of which ultimately negatively affect
the therapeutic response. Patients with KRAS mutated
cancers generally show poor therapeutic outcome to
chemotherapy, have radiation resistance, and poor
prognosis [16].

Recently, two drugs that specifically target KRAS
G12C, sotorasib (Lumakras™) and adagrasib (Krazati™),
have received accelerated approval by the FDA for the
treatment of adult patients with KRAS G12C-mutated
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locally advanced or metastatic NSCLC, who have received
at least one prior systemic therapy [17, 18]. These drugs
are the first RAS GTPase family inhibitors to be approved
for clinical use, representing a major breakthrough in the
field of precision oncology.

Tumor cell apoptosis factor (TCApF) is a human
hormonal peptide that is naturally expressed in the
thymus, colon, and frontal lobes of the brain. It was
initially identified during a bioinformatics screening and
found to have anti-cancer activity on cancer cell lines.
As previously described, “dTCApFs (Nerofe™, Immune
System Key Ltd., Jerusalem, Israel) is a short 14 amino
acid derivative of TCApF that retains its anti-cancer
activity” [19].

Studies on several cancer cell lines have revealed
that “Nerofe (dTCApFs) enters cells through the T1/
ST2 receptor and induces apoptosis through a novel
mechanism involving the loss of Golgi function and
induction of endoplasmic reticulum (ER) stress, along
with downregulation of the ER stress repair mechanism”
[20]. It was previously tested in a Phase I clinical trial
in patients with solid tumors and was found to be “safe
and potentially efficacious”. In these tumors, in addition
to the induction of ER stress, treatment with Nerofe
was found to suppress angiogenesis and activate the
innate immune response. Specifically, Nerofe at mid-
range doses of 12-48 mg/m2 reduced the expression of
multiple angiogenic factors and increased the expression
of anticancer cytokines in the serum of treated patients.
Furthermore, a retrospective biomarker analysis showed
that patients whose tumors expressed higher levels of the
Nerofe receptor T1/ST2 exhibited a better response to
Nerofe [21].

Nerofe’s receptor, T1/ST2, is involved in the
progression of different types of cancers, including
breast, colorectal, and non-small-cell lung cancer
(NSCLC) [22]. It is sparsely expressed in healthy tissues
but strongly overexpressed in mtKRAS tumors [23].
Of the patients who participated in the Phase I clinical
trial, approximately half had colorectal cancer and one-
third had pancreatic cancer. Both cancers are known to
be highly mutated in KRAS [23]. Therefore, we tested
whether the efficacy of Nerofe could be further enhanced
by combining it with chemotherapeutic agents used
in malignancies of the gastrointestinal (GI) tract (e.g.,
SN38, 5FU, paclitaxel, and gemcitabine). Among the
combinations tested, Doxorubicin (DOX) exhibited a
synergistic effect, resulting in a substantial reduction
in tumor cell viability. DOX is a known inhibitor of
the Unfolded Protein Response (UPR) [24], indicating
a potential synergistic effect with Nerofe through ER
stress induction and inhibition of the ER stress response.
Moreover, low doses of DOX have also been shown to
activate the adaptive immune system [25], indicating an
additional level of synergy with Nerofe via the activation
of both the adaptive and innate immune systems.

The objective of the present study was to investigate
the synergistic effect of the combination of Nerofe and
DOX in colorectal cancer and its underlying mechanism.

RESULTS

The combination of Nerofe and DOX has a
synergistic effect on the viability and reactive
oxygen species (ROS) production of metastatic
colorectal cancer (mCRC) cells

The combination of Nerofe and Dox decreased the
viability of metastatic colorectal cancer (mCRC) cells
by 50-70% (Figure 1, Table 1 row A). Interestingly,
treatment with Nerofe alone caused an apparent
increase in the viability of SW480 and HT-29 cancer
cells. A probable reason for this is that the viability test
was performed using a resazurin agent that measures
mitochondrial activity. As Nerofe causes ER stress,
it increases mitochondrial activity in Nerofe-treated
cells prior to apoptosis [26]. Treatment with DOX
alone reduced cell viability by only 10-15%, whereas
its combination with Nerofe caused a reduction in
cell viability across the three different cell lines in a
dose-dependent manner. The combination of Nerofe
and DOX resulted in a staggering 60—-80% increase in
ROS production as compared to only a 60% or 10%
increase following treatment with Nerofe or DOX alone,
respectively (Table 1, Row B).

The combination of Nerofe and DOX
downregulates MAPK signaling via miR217
upregulation

It has previously been established that the miR217
microRNA acts as a tumor suppressor in PDAC, and
directly targets KRAS [27]. Additionally, bioinformatic
analysis predicted that miR217 targets both KRAS
and MAPK1/2 in mammalian cells (Supplementary
Figure 1). To identify the potential mechanism by which
the combination of Nerofe and DOX affects mCRC
cell viability, the levels of miR217 were analyzed. RT-
PCR analysis revealed that upon combined treatment
with Nerofe and DOX, the levels of miR217 were
markedly increased compared to untreated cells or cells
treated with only Nerofe or DOX (Figure 2, Table 1
Row C). Indeed, KRAS protein expression levels were
dramatically decreased in the three mCRC cell lines in
response to Nerofe and DOX treatment (Figure 3, Table 1
Row D).

In vivo studies: murine models of CRC

In vivo experiments were performed to verify the
cell culture findings. A model of CT26 cells injected into
C57BL/6 mice was utilized. The mice were treated with
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Table 1: Synergies between Nerofe and DOX Cancer cell lines (SW480, HT-29, CT26) treated with

Nerofe, DOX and a combination of both

Row Test Nerofe DOX Nerofe + DOX
A Decrease in viability 0-10% 10-15% 50-70%

B Increase in ROS production 60% 10% 60-80%

C Increase of miR217 expression 50% 70% 200-300%
D Decrease of KRAS/MAPK1/2 protein 10% 25% 90-100%

A nonlinear increase in apoptosis and ROS production as well as KRAS/MAPK1/2 downregulation were detected upon DOX

and Nerofe combination. Each experiment on each cell line was repeated at least 3 times.
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Figure 1: Effect of NF and DOX on the viability of mCRC cells. SW480, CT26, and HT-29 cells were treated with Nerofe (72 h)

or DOX (48 h) or a combination of these. Viability was tested using a Resazurin assay kit.
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Nerofe, DOX, or a combination of both. In response to the
combined treatment, the average tumor size considerably
reduced compared to the untreated group or administration
of Nerofe or DOX alone (Figure 4). Like the cell culture
findings, immunohistochemistry (IHC) analysis of CT26
tumors demonstrated a vast decrease in KRAS levels in
response to combined treatment with Nerofe and DOX
(Figure 5). Moreover, cytokine profile analysis revealed
elevated IL-2 levels in the blood of mice treated with a
combination of Nerofe and DOX, while TNF-a levels

Doxorubicin (uM) 0 0
Nerofe (nug/ml) 0 25

miR217

SW480 ué

% from untreated

401%

482%

100% __ o

were not altered in response to any of the treatments
(Figure 6).

IHC analysis of CT26 tumors further validated the
elevated IL-2 levels (Figure 7A). The induction of IL-2
expression following combined treatment with Nerofe
and DOX was validated in vitro using IF (Figure 7B). In
addition, IHC analysis of the CT26 tumors demonstrated
an increase in INF-y levels, NK cells (Figure 7A), and M1
monocytes (Figure 7C) following combined treatment
with Nerofe and DOX.
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Figure 2: miR217 is induced by combination of Nerofe and Dox. miR217 PCR demonstrates an increase in expression following
combined treatment with Nerofe and DOX. Lanes were quantified using ImageJ 1.53, and each miR217 value was normalized to its
corresponding U6 value. Values are shown as the percentage of untreated sample.
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Nerofe combination with DOX
downregulates KRAS protein expression
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Figure 3: The combination of Nerofe with DOX downregulates KRAS protein expression in mCRC cell lines. SW480,
CT26, and HT29 cells were treated with Nerofe, DOX, or a combination of both. Western blot analysis was performed on cell lysate. Lanes
were quantified using ImagelJ 1.53, and values shown are the percentage of untreated sample.
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Figure 4: Murine model of CT26 cells (mCRC mtKRAS) inoculated subcutaneously into C57bl/6 mice. The mice were
treated according to the treatments listed in the table below, and tumor size was documented.

Untreated (Blue) DOX (Gray) Nerofe (Orange) Nerofe+DOX (Yellow)
P-value P <0.005 P <0.0001 P <0.007 P <0.002
Correlation Coefficient R=0.99 R=0.98 R=0.95 R=0.93
Quadric regression curve V=0.0044 X2 — V=0.0036 X2 + V=0.0073 X2 + V=-0.0071 X2 +
V — Tumor fold volume 0.0976 X +1.0912 0.1984 X +0.7705 0.2580 X + 0.5462 0.3270 X — 0.5228

X — time (days)
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DISCUSSION

In this study, we demonstrated that combined
treatment with Nerofe and DOX has a synergistic effect
that results in the downregulation of KRAS, enhanced
apoptosis of cancer cells, and activation of the immune
system inside the tumor. We showed that the direct
cellular effect of the combination of Nerofe and DOX
on mCRC resulted in reduced cell viability (Table 1,
Row A and Figure 1) and increased ROS production
(Table 1, Row B). We previously showed that Nerofe
is concentrated in the Golgi apparatus and causes its
destruction, thereby inducing ER stress. In parallel, Nerofe
downregulates sXBP1, which is a central transcription

Nerofe

Untreated

KRAS

factor in the activation of ER stress response [28], thus
inhibiting the ER stress repair mechanism and resulting
in apoptosis [2]. Similarly, DOX has been demonstrated
to inhibit the IRE1a-XBP1 axis of UPRS [5]. Therefore,
the combination of Nerofe and DOX likely collectively
induces ER stress and inhibits the ER stress response
mechanism and the UPR, resulting in increased apoptosis
of cancer cells.

Colorectal tumor growth and apoptosis were
previously shown to be regulated by miR217, which
targets the MAPK signaling pathway [10]. We found that
combined treatment with Nerofe and DOX resulted in the
induction of miR217 (Table 1, Row C and Figure 2). These
in vitro results were confirmed in vivo using a murine
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Figure 5: IHC analysis of murine model CT26 tumors using KRAS antibody. Brown: KRAS, Blue: Nuclear staining.
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Figure 6: Blood cytokine profile of the mouse model. CT26 cells (mnCRC mtKRAS) were inoculated subcutaneously into C57bl/6
mice, and the mice were treated with Nerofe, DOX, or a combination of both. Blood was drawn and the levels of anti-cancer immuno-
cytokines IL-2 and TNF-a were analyzed in a multiplex assay using the MILLIPLEX MAP Mouse High Sensitivity T Cell Panel (n = 3-6).
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model, which demonstrated that combined treatment with
Nerofe and DOX resulted in reduced tumor size (Figure 4)
along with the downregulation of KRAS expression in the
tumor cells (Figure 5).

The in vivo model revealed that in addition to a
direct effect on tumor cell apoptosis, the combined
treatment of Nerofe and DOX also resulted in the
activation of the immune system against the tumor.
Specifically, we observed an increase in the levels of
immunostimulatory cytokines IL-2 (Figures 6, 7A, and
7B) and IFN-y (Figure 7A), as well as the recruitment
of NK cells and M1 macrophages to the tumor site
(Figure 7C).

It has been previously reported in a Phase I clinical
trial that Nerofe increases the levels of NK cell activators
(IL-21 and IL12p70) and dendritic cell (DC) activators
(IL-2 and GM-CSF). This effect was accompanied by the
recruitment of NK and DC cells to the tumors, indicating
that Nerofe treatment activates the innate immune
response [21]. DOX has previously been associated with
myeloid-derived suppressor cell (MDSC) depletion and
the induction of immunogenic death [11]. Moreover, the
recently published results of a clinical trial conducted
in patients with triple-negative breast cancer (TNBC)
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demonstrated that low levels of DOX resulted in tumor
microenvironment alterations that enhanced the sensitivity
of the tumor to anti-PD-1 and PD-L1 treatments. Low
levels of DOX increase T-cell infiltration and T-cell
receptor (TCR) diversity in tumors, which demonstrate
the effect of DOX on the adaptive immune response [6].
Taken together, these findings indicate that a combination
of Nerofe and DOX could result in the combined
activation of the innate and adaptive immune systems
(Supplementary Figure 2).

It was recently shown that tumor associated DCs
(tDCs) exhibit ER stress and increased IRE/XBPI
activation, resulting in reduced antitumor activity.
Silencing of XBP1 in tDC results in enhanced T cell anti-
tumor immunity [29]. Therefore, combined treatment with
Nerofe and DOX may contribute directly to DC activation
in the tumor microenvironment, in addition to their effect
on [L-2 production.

An additional level of synergy between Nerofe
and DOX may be related to C/EBP homologous protein
(CHOP), which is upregulated during ER stress [30].
Cancer cells that do not express CHOP are resistant to
DOX [31]; however, Nerofe induces ER stress and CHOP
expression.

Nerofe B IL-2 Nerofe
+Dox Untreated +Dox

Figure 7: Immunological effect of Nerofe and DOX: CT26 murine model showing the immunological effect of Nerofe,
DOX, and their combined treatment. (A) THC of CT26 mice tumor sections stained with anti-IL-2 (brown), IFN-y (green), and
NK cell markers (red). (B) IF of CT26 cells stained with anti-IL-2 (green). (C) Treated CT26 murine model demonstrating recruitment of
M1 monocytes to tumors treated with a combination of Nerofe and DOX: THC staining of CT26 mice tumor sections with M1 monocyte
marker, anti CD68 (green), and IFN-y (red). In all panels nucleus is stained in blue.
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The leading molecules that downregulate KRAS
are Adagrasib [17], which targets G12C mutated KRAS
in NSCLC, and Sotorasib (AMG-510) [18], which targets
the same mutation in lung cancer.

In clinical trials, sotorasib and adagrasib have
produced response rates of up to 40% and 30% in NSCLC
patients, respectively. They have also been shown to
improve overall survival in patients with KRAS-mutated
NSCLC.

However, these drugs are not without limitations
and challenges. First, not all patients with KRAS G12C-
mutated NSCLC respond to these drugs, and some may
develop resistance over time [32]. Second, these drugs
are not effective against other KRAS variants, such
as KRAS G12D, which are also prevalent in various
cancers [33]. Third, they may have adverse effects on
normal tissues that express wild-type KRAS, such as
hepatotoxicity, renal impairment, and QTc interval
prolongation [34]. It was also shown that tumor cells
that were treated with specific G12C inhibitors had an
initial suppression of the MAPK pathway, but afterwards
adapted by activating wild RAS, thus despite continuous
inhibition of GTP-bound KRAS, the MAPK pathway
is reactivated within 24—48 hours [35]. Furthermore,
novel mutations can bypass inhibition while retaining
the initial subgroup’s inactivated state [36] and the
presence of multiple concurrent mutations can result
in resistance to therapy [37]. Therefore, there is still an
unmet need for developing more potent and selective
KRAS inhibitors that can overcome these challenges and
improve the outcomes of patients with KRAS-mutated
cancers.

In contrast to these limitations, combined treatment
with Nerofe and DOX downregulates KRAS and inhibits
the MAPK pathway regardless of the KRAS mutation.
Furthermore, we have shown that following Nerofe
and DOX treatment, the TME is transformed from
immunosuppressive to immunostimulatory, an effect that
has not been demonstrated in any of the KRAS inhibitors
to date.

In conclusion, we demonstrated that the combination
of Nerofe and DOX exerts a synergistic effect during
mCRC treatment, which could stem from several
independent and complementary mechanisms of action.

MATERIALS AND METHODS
Chemicals and special reagents

Nerofe™ (dTCApFs). dTCApFs was synthesized like
previously described [19].

The following chemotherapeutic agents were also
used: Doxorubicin hydrochloride (D1515) (Dox; Sigma-
Aldrich, US), SN38 (HO0165) (Sigma-Aldrich), SFU
(F6627) (Sigma-Aldrich), paclitaxel (T7402) (Sigma-
Aldrich) and gemcitabine (G6423) (Sigma-Aldrich).

Cell lines

Human cell lines including HT29 (ATCC® HTB-
38™), SW480 (ATCC® CCL-228™), Panc-1 (ATCC® CRL-
1469™), and MIA PaCa-2 (ATCC® CRM-CRL-1420™)
were obtained from ATCC (USA) and used within six
months. CT26 cells were kindly provided by Prof. Lea
Eisenbach of the Weizmann Institute of Science. All cell
lines, except CT26, were maintained in growth media
containing DMEM (Gibco, Thermo Fisher Scientific,
USA) supplemented with 10% fetal bovine serum (FBS;
Biological Industries, Israel), 1 mM sodium pyruvate
(Biological Industries), 100 units/ml penicillin and
100 pg/ml streptomycin (Biological Industries), and
250 ng/ml Amphotericin B (Biological Industries). CT26
was maintained in growth media containing RPMI 1640
(Gibco, Thermo Fisher Scientific) with 10% FBS, 1 mM
sodium pyruvate, 100 units/ml penicillin and 100 pg/ml
streptomycin, and 250 ng/ml Amphotericin B. All cells
were maintained at 37°C in a humidified atmosphere
containing 5% CO,.

Cell viability assays

Cell viability assays were performed using the
Resazurin Assay Kit (Abcam, Cambridge, US) on Panc-1,
MIA PaCa-2, SW480, and HT29 cell lines. Cells were
seeded (4000 cells/well) in 96-well black microplates
with clear bottom (Greiner, US) in 100 pl cell growth
media (see above) and incubated overnight. Media were
then changed to 100 pl growth media supplemented with
5% D-Mannitol (Sigma-Aldrich). Cells were treated with
Nerofe (25 pg/ml or 50 pg/ml) for 72 h and/or DOX
(0.25 uM) for 48 h or left untreated. The percentage of
viable cells was calculated and compared with that of the
untreated cells.

Polymerase chain reaction (PCR) analysis

Cells were cultured in six-well plates (NUNC)
(Thermo Fisher Scientific) in growth media. After 24 h,
treatment medium supplemented with 5% D-Mannitol
(Sigma-Aldrich) was added as described above for the
indicated time period. After the final incubation, the cells
were washed with phosphate-buffered saline (PBS) and
RNA was extracted using an RNeasy Mini Kit (Qiagen,
Germany). The cells were then lysed directly in the
wells. cDNA was prepared from RNA using a qPCRBIO
c¢DNA Synthesis Kit (PCR Biosystems, UK). PCR was
performed using GoTaq Green Master Mix (Promega,
USA) (40 cycles) with the following primers: U6: F: 5'-
CTC GCT TCG GCA GCA CA-3", R: 5-AAC GCT TCA
CGAATT TGC GT-3'; miR217: F: 5TAC TCA ACT CAC
TAC TGC ATC AGG A-3', R: 5-TAT GGT TGT TCT
GCT CTC TGT GTC-3'. The PCR products were loaded
onto 2% agarose gel and visualized using a UV CCD
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camera (Bio-Rad, USA). Each experiment was repeated
at least three times.

Dihydroethidium (DHE) assay

ROS levels were determined using the DHE assay as
previously described (2). Cells were seeded (20,000/well)
into black 96-well plates (Greiner) with 100 pl growth
media overnight. Cells were then treated with Nerofe
(25 pg/ml or 50 pg/ml) for 72 h and/or DOX (0.25 uM
or 0.5 uM) for 48 h in treatment medium containing
5% D-Mannitol (Sigma-Aldrich). Following treatment,
cells were incubated for 20 min with growth media
containing 10 uM DHE and then washed three times
with PBS. The plates were analyzed using a fluorescence
spectrophotometer (BioTek Synergy HT; BioTek
Instruments, USA) at an excitation/emission wavelength
pair of 530/590 nm. All experiments were performed in
triplicates.

Bioinformatic analysis

Prediction of miR217 targets in KRAS was
performed using TargetScan [38].

Western blotting

For western blot analysis, cells were seeded (1.8 M
cells/75 cm? flask) in 30 ml growth medium and incubated
overnight. Cells were then treated with Nerofe (25 pg/ml
or 50 pg/ml) twice for 4 and 6 d and/or DOX (0.25 uM
or 0.5 uM) for 3 d in treatment medium, which was
composed of the growth medium supplemented with 5%
Mannitol (Sigma-Aldrich). At the end of the treatment,
the cells were washed twice with PBS and scraped from
the flask and into PBS using a cell scraper. Cells were
centrifuged for 10 min at 300 x g and 4°C, and the pellet
was lysed with lysis buffer containing RIPA Buffer
(Sigma-Aldrich), protease inhibitor (Halt™ Protease
Inhibitor Cocktail, Thermo Fisher Scientific), phosphatase
inhibitors (Sigma-Aldrich), and 25 U/ml Benzonase®
Nuclease (Purity > 90%, Millipore, USA) and incubated
for 20 min on ice. A reducing agent (Invitrogen, USA) was
added to each sample and incubated for 10 min on ice.
The supernatant was collected after centrifuging the cells
at 15,000 x g for 15 min at 4°C, and LDS sample buffer
(Invitrogen) was added to each sample. The samples were
heat-denatured for 5 min and loaded onto—4-20% Tris-
Glycine precast gels (NuSep, USA). Western blotting
was performed using a semi-dry wet transfer device with
Tris-Glycine transfer buffer (Bio-Rad) onto a PVDF
membrane (Millipore). The membrane was blocked for
one hour using 5% skim milk in TBST (Amresco, USA).
Anti-KRAS (WH0003845M1) (Sigma-Aldrich) was used
as the primary antibody, diluted 1:500 in 5% skim milk
in TBST, and incubated with shaking overnight at 4°C.

The secondary antibody was Anti-mouse IgG, HRP-linked
#7076 (Cell Signaling Technology, USA), diluted 1:2000
in 5% skim milk in TBST. ECL was developed using
SuperSignal West Femto Maximum Sensitivity Substrate
(Thermo Fisher Scientific) using an LI-COR C-Digit
scanner, and quantification was performed using Image
studio 5.2.

Murine model of mtKRAS mCRC

C57BL/6 mice (age: 5 weeks; weight: 20 g) were
acquired from Harlan Laboratories Ltd. (Israel). Mice
were subcutaneously injected with 100,000 CT26 cells
(metastatic colorectal cancer, KRAS-mutated; mCRC
mtKRAS). Nerofe and/or DOX treatment commenced
after the tumor size reached 50 mm?® at its largest
dimension (7-10 d after injection). Mice were divided
into four different groups of 3—6 mice: Group I—untreated
group, injected with 5% Mannitol IP once a week; Group
2—treated with Nerofe (15 mg/kg, once a week); Group
3—treated with DOX (2 mg/kg, once a week); and Group
4—treated with a combination of Nerofe (15 mg/kg, once a
week) +DOX (2 mg/kg on the same day as Nerofe).

During treatment, the tumor size was documented.
At the end of treatment, the mice were euthanized, serum
and tumors were collected like previously described [20].

Cytokine profile of mice blood samples

Blood was drawn from each mouse and collected
separately in a 1.5 ml vial. After 30 min to 1 h of
incubation at room temperature ranging between 20°C
and 25°C (RT), the clotted blood was centrifuged at
300 x g for 15 min at 4°C. The supernatant was collected,
centrifuged, and frozen at —70°C for later analysis. Prior
to analysis, the blood was quickly thawed in a water bath
at RT and then centrifuged at 13,000 x g for 10 min at
4°C. The levels of anti-cancer immunocytokines IL-2 and
TNF-a were analyzed using a multiplex assay according
to MHSTCMAG-70K guidelines of the Milliplex Map
Mouse High Sensitivity T Cell Panel (Millipore). Plates
were read using a Bio-Plex 200 reader (Bio-Rad).

IHC (chromogenic/fluorescent)

IHC analyses of the paraffin-embedded tumor
sections were performed like previously described [20]
with minor changes: “deparaffinizing the sections with
xylene washes and rehydrating them with serial washes of
absolute ethanol, 95% ethanol, and distilled water. Antigen
retrieval was performed by heating the sections in 10 mM
sodium citrate buffer (pH 6.0) to temperatures up to 100°C.
After staining with HRP secondary antibodies, endogenous
peroxidase was blocked with 3% oxygen peroxidase for
10 min. Non-specific peptide binding was blocked using
Background Buster (Innovex Biosciences, USA) for 30
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min at RT.” Primary antibodies were diluted with 100-
400 pl SignalStain Antibody Diluent (Cell Signaling
Technology) per slide and incubated overnight at 4°C.
For chromogenic HRP staining, secondary antibody
binding and 3,3’-diaminobenzidine (DAB) development
were performed the following day using ImmPACT®
DAB Substrate, Peroxidase (HRP) (SK-4105) (Vector
Laboratories, USA). Nuclei were stained with hematoxylin
according to the manufacturer’s instructions (Sigma-
Aldrich). Slides stained with fluorescent secondary
antibodies were subsequently stained with DAPI (1 pg/
ml, Sigma-Aldrich). The slides were dehydrated, mounted
using FluoreGuard Mounting Medium (Hard Set) (ScyTek
Laboratories, USA), and visualized under an Olympus
BX41 microscope (Olympus, Japan) with a CCD camera.
Primary antibodies used were: Anti-KRAS antibody
(Abcam ab216890, diluted 1:100), p44/42 MAPK (Erk1/2)
(137F5) Rabbit mAb (Cell signaling 4695, diluted 1:250),
Anti-IL-2 antibody (Abcam ab180780, diluted 1:50),
Anti-Interferon gamma antibody (Abcam ab9657, diluted
1:400), Anti-CD68 antibody (KP1) (ab955, diluted 1:100),
and NK1.1 Monoclonal Antibody (Biolegend PK136,
diluted 1:100). For chromogenic HRP, the secondary
antibodies used were InmPRESS® HRP Goat Anti-Rabbit
IgG Polymer Detection Kit Peroxidase and InmPRESS®
HRP Goat Anti-Mouse IgG Polymer Detection Kit
(Peroxidase) (Vector Laboratories). Secondary antibodies
for fluorescent staining were: Anti-rabbit IgG (H+L),
F(ab’)2 Fragment (Alexa Fluor® 488 Conjugate) (Cell
Signaling), Anti-mouse IgG (H+L), F(ab’)2 Fragment
(Alexa Fluor® 555 Conjugate) (Cell Signaling).

ImmunoCytoChemistry (ICC)

CT26 cells were seeded (15,000 cells/well) on
a chamber slide (Nunc™ Lab-Tek™ II Chamber Slide
System, Thermo Fisher Scientific) in 1 ml growing
medium and cultured overnight. On the following day,
the cells were treated with 50 pg/ml Nerofe and/or
0.5 uM DOX for 72 h in the treatment medium, which
was composed of the growth medium supplemented with
5% Mannitol (Sigma-Aldrich). Cells were fixed with 4%
formaldehyde in PBS for 15 min at RT, permeabilized
with 0.25% Triton X-100 (Amresco) in PBS for 10
min at RT, and blocked for 1 h with 1% bovine serum
albumin (BSA) (Sigma-Aldrich) in PBS along with 22.52
mg/mL glycine (Sigma-Aldrich) and 0.1% Tween-20
(Amresco). Cells were incubated overnight at 4°C with
the primary antibody Anti-IL2 antibody (ab180780,
Abcam) diluted 1:100 with SignalStain Antibody Diluent
(Cell Signaling Technology). The following day, cells
were stained for 1 h with the secondary antibody anti-
rabbit IgG (H+L), F(ab’)2 Fragment Alexa Fluor® 488
Conjugate (Cell Signaling Technology), diluted 1:1000
with Immunofluorescence Antibody Dilution Buffer (Cell
Signaling Technology), and the nuclei were stained with

DAPI. Finally, the wells were removed from the slides,
mounted with Aqueous Mounting Medium (ab128982,
Abcam), and visualized under a fluorescent microscope at
X40 and X100 magnifications (Olympus BX41).
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