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Abstract
Background/Aims: Bromodomain-containing protein 4 (BRD4) and phosphatidylinositol 
3-kinase (PI3K) are key oncogenic cascades in colorectal cancer (CRC). SF1126 is a novel and 
potent PI3K-BRD4 dual inhibitor. Methods: CRC cells and human colon epithelial cells were 
treated with SF1126. Cell survival was tested by MTT and soft agar colony formation assays. 
Cell proliferation was tested by BrdU ELISA method. Cell apoptosis was tested by a TUNEL 
staining method and Histone DNA ELISA. Western blotting was utilized to test the signaling 
proteins. A HT-29 xenograft mice model was established to study the anti-tumor activity of 
SF1126 in vivo. Results: SF1126 potently inhibited the survival, proliferation, and progression 
of the cell cycle in an established CRC cell line (HT-29) and primary human colon cancer 
cells. Significant activation of apoptosis was detected in SF1126-treated CRC cells. In CRC 
cells, SF1126 blocked Akt-mammalian target of rapamycin (mTOR) complex1/2 signaling 
and downregulated BRD4 target proteins (Myc and cyclin D1). Further studies showed that 
SF1126 activated p38 signaling in CRC cells. In contrast, the p38 inhibitors or p38 short hairpin 
RNA inhibited SF1126-induced cytotoxicity and apoptosis in CRC cells. In vivo, subcutaneous 
administration of SF1126 significantly inhibited HT-29 xenograft tumor growth in nude mice. 
Conclusion: SF1126 inhibits CRC cell growth possibly by targeting PI3K-Akt-mTOR, BRD4, and 
p38 signaling.
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Introduction

Colorectal cancer (CRC) cells with pre-existing and/or acquired resistance are resistant to 
conventional cytotoxic chemo-agents [1]. Genomic analyses of CRC have revealed a number 
of genetic mutations that critically promote tumorigenesis and tumor progression [2-4]. 
Among them, the phosphatidylinositol 3-kinase (PI3K)-Akt-mammalian target of rapamycin 
(mTOR) pathway is hyper-activated in CRC [5, 6]. In contrast, PI3K-Akt-mTOR inhibition 
can efficiently inhibit CRC cell growth in vitro and in vivo [5, 6].

Less than 20% of patients with metastatic colorectal cancer (mCRC) will respond to 
current targeted therapies [2, 3]. Agents that target multiple oncogenic pathways could 
exert more efficient anti-CRC effects [2, 3]. Bromodomain-containing protein 4 (BRD4), the 
most studied bromodomain and extraterminal family protein, binds to acetylated-histones, 
acting as a key epigenetic regulator and a novel oncogene [7-10]. BRD4 interacts with P-TEFb 
(positive transcription elongation factor b) and RNA polymerase II, required for transcription 
elongation and the expression of several oncogenes [9], including Bcl-2, Myc, and cyclin D1 
[11]. Recent studies have proposed BRD4 as a potential therapeutic target of CRC [12-14].

SF1126 is an Arg-Gly-Asp (RGD)-conjugated LY294002 pro-drug, designed to exhibit 
enhanced solubility and binding efficiency to specific integrins in the tumor compartment 
[15]. SF1126 administration resulted in enhanced delivery to the tumor vasculature and 
tumor tissues [15]. Recent studies have shown that this compound can inhibit both PI3K-
Akt-mTOR and BRD4 cascades in tumor cells [16, 17]. The present study will demonstrate 
that SF1126 inhibits human CRC cell growth in vitro and in vivo.

Materials and Methods

Chemicals and reagents
SF1126, LY294002, JQ1, puromycin, polybrene, SB203580, and SB239063 were purchased from Sigma-

Aldrich (St. Louis, MO). All phosphorylation antibodies and their non-phosphorylation control antibodies 
were obtained from Cell Signaling Technology (Beverly, MA). The other antibodies were provided by Santa 
Cruz Biotechnology (Santa Cruz, CA). Cell culture reagents were provided by Gibco Co. (Suzhou, China).

Cell culture
Established HT-29 cells were cultured as previously described [18]. The primary human colon cancer 

cells (“pri-Can-1/2”), derived from two different colon cancer patients (men, 55 and 61 years old, stage 
II), as well as two primary colon epithelial cells (“pri-Epi-1/2”), were described and cultured as reported 
previously [18, 19]. The experiments and protocols were approved by the institutional review board of the 
authors’ institutions and conformed with the principles of the Declaration of Helsinki.

Methyl thiazol tetrazolium assay
After the treatments, cell viability was assessed by MTT assay. MTT optical density (OD) values at 590 

nm were recorded.

BrdU assay
BrdU incorporation was tested by an ELISA kit (Cell Signaling Technology). Briefly, CRC cells with 

SF1126 treatment were incubated with BrdU (10 μM) in the dark. Afterwards, BrdU OD values were tested 
at 450 nm.

Soft agar colony formation assay
Cells after SF1126 treatment were re-suspended in agar-containing Dulbecco’s modified Eagle’s 

medium (DMEM) medium and added to 10-cm culture dishes (10, 000 cells per dish). After 10 days of 
incubation, the number of colonies were fixed, stained and counted.
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Cell cycle analysis
CRC cells with SF1126 treatment were stained with propidium iodide (PI, 3 μg/mL, Sigma-Aldrich), 

analyzed on a FACSCalibur machine (BD Biosciences, Franklin Lakes, NJ). G0/1, S, and G2/M cell cycle 
percentages were recorded.

Western blotting assay
Protein lysates (30 µg per sample) were separated by 10% SDS-PAGE gels, which were then transferred 

to the polyvinylidene difluoride blots (Millipore, Burlington, MA). After blocking, the blots were incubated 
with specific primary and secondary (horseradish peroxidase-conjugated) antibodies. Antibody-antigen 
binding was detected using an enhanced chemiluminescence system. Blot intensity was quantified by 
ImageJ software (National Institutes of Health, Bethesda, MD).

TUNEL staining assay
Following treatment, the TUNEL (terminal deoxynucleotidyl transferase dUTP nick end labeling) 

In Situ Cell Death Detection Kit (Roche Diagnostics Co., Ltd., Shanghai, China) was employed to test cell 
apoptosis. TUNEL fluorescence intensity was measured by the Fluoroskan system [20, 21].

Caspase-3/-9 activity assay
Following SF1126 treatment, 20 μg cytosolic lysates were mixed with the caspase assay buffer and 

the caspase-3/-9 substrate [22]. The released AFC (7-amino-4-trifluoromethyl coumarin) was tested by a 
spectrofluorometer with excitation wavelength of 380 nm and emission wavelength of 460 nm.

Histone DNA ELISA assay
A histone DNA apoptosis ELISA kit was utilized to quantify cell apoptosis in cells with/without SF1126 

treatment according to the manufacturer’s instructions (Roche Diagnostics). Histone DNA ELISA OD values 
were recorded at 405 nm.

Quantitative reverse transcription real-time polymerase chain reaction assay
RNA was extracted by TRIzol reagents. The First-Strand Synthesis Kit (SABiosciences, Frederick, 

MD) was used for cDNA synthesis. Quantitative reverse transcription real-time polymerase chain 
reaction (qPCR) was performed by QuantStudio 3 (Applied Biosystems) using the SYBR Green kit 
(Takara Bio Inc., Kusatsu, Japan). We utilized the 2−ΔΔCt method [23] to quantify targeted mRNAs, testing 
GAPDH mRNA as the reference. The mRNA primers for cyclin D1: (F)5’-TCTACACCGACAACTCCATCCG-3’ 
and (R)5’- TCTGGCATTTTGGAGAGGAAGTG’; for Myc, (F)5’- CCTGGTGCTCCATGAGGAGAC -3’ and 
(R)5’-CAGACTCTGACCTTTTGCCAGG’ and for GAPDH: (F)5’-GCACCGTCAAGGCTGAGAAC-3’ and (R)5’-
TGGTGAAGACGCCAGTGGA-3’ were synthesized by Genechem Co., Ltd. (Shanghai, China).

p38α short hairpin RNA
HT-29 cells were seeded in the six-well tissue-culture plates. Two lentiviral short hairpin RNA (shRNA), 

targeting the non-overlapping sequences of human p38α [sh-p38 (-1): AAGAAGCTCTCCAGACCATTTCA and 
sh-p38 (-2): AAATGTGATTGGTCTGTTGGACG)], were designed, synthesized, and validated by Genechem 
(Shanghai, China). shRNA lentivirus was added to HT-29 cells for 24h. Stable cells were selected by 
puromycin (2.5 μg/mL) for 4-6 passages. The expression of p38α was detected by Western blotting assay.

Akt1 and BRD4 double silencing
HT-29 cells were seeded onto six-well tissue culture plates. Akt1 shRNA lentiviral particles (sc-29195-V, 

Santa Cruz Biotechnology) and BRD4 shRNA lentiviral particles (sc-43639-V, Santa Cruz Biotechnology) 
were added to HT-29 cells for 24h. Stable cells were selected by puromycin (2.5 μg/mL) for 4-6 passages. 
Akt1 and BRD4 knockdown in stable cells was verified by Western blotting assay. Control cells were 
transfected with lentiviral scramble control shRNA (Genechem).
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Xenograft assay
Five million HT-29 cells in 100 μL DMEM and 100 μL Matrigel were subcutaneously injected to each 

nude mouse (5-6 weeks old, 18-19 g). The xenografted tumors (volumes close to 100 mm3) were established 
within 20 days. The nude mice were randomly divided into three groups. The daily dose given to the two 
SF1126 groups was 20 mg/kg and 50 mg/kg of body weight, while an equal amount of saline was given as 
the vehicle control. Tumor volumes were recorded using the described formula: π/6 × larger diameter × 
(smaller diameter)2 [18]. All studies were performed in accordance with the standards of ethical treatment 
approved by the Institutional Animal Care and Use Committee of the authors’ institutions.

Statistics analysis
Data are expressed as the mean ± standard deviation. Statistical analysis was performed using SPSS 

software (version 19.0, SPSS Inc., Chicago, IL), with p< 0.05 taken as statistically significant.

Results

SF1126 inhibits human CRC cell survival, proliferation, and progression of the cell cycle
HT-29 cells were cultured in fetal bovine serum-containing complete medium treated 

with different concentrations (0.2-10 μM) of the PI3K-BRD4 dual inhibitor SF1126 [16, 17]. 
The MTT assay was performed to test cell viability, and the results showed that SF1126 
inhibited HT-29 cell survival in a concentration- and time-dependent manner (Fig. 1A). The 
half maximal inhibitory concentration of SF1126 was close to 1-5 μM (72 and 96h treatment, 
Fig. 1A). The results of soft agar colony formation assay showed that SF1126, at 1-10 μM, 
significantly decreased the number of viable HT-29 cells (Fig. 1B). The BrdU incorporation 
assay was performed to test cell proliferation. As shown, SF1126 inhibited BrdU ELISA OD 
in HT-29 cells in a concentration-dependent manner (Fig. 1C), indicating the inhibition 
of proliferation. The PI-FACS assay was employed to test the cell cycle, and the quantified 
results showed that SF1126 (5 or 10μM) treatment in HT-29 cells significantly increased the 
percentage of cells at the G0/1 phase (Fig. 1D), while it decreased the percentages at S- and 
G2/M-phases (Fig. 1D). Thus, SF1126 induced G1-S arrest in HT-29 cells.

Fig. 1. SF1126 inhibits 
human CRC cell survival, 
proliferation, and cell 
cycle progression. HT-
29 cells (A–D), primary 
human colon cancer cells 
(“pri-Can-1/2”, E and F), 
or primary human colon 
epithelial cells (“pri-
Epi-1/-2”, E and F) were 
left untreated (“C”, same 
in all figures) or were 
treated with applied 
concentrations(0.2–10 
μM) of SF1126. Cells 
were further cultured for 
the indicated times and 
cell survival (A, B, and E), 
cell proliferation (C and 
F), and cell cycle progression (D) were tested by the appropriate assays. Data are presented as the mean ± 
standard deviation (in all figures). Five replicate wells/dishes were set up for each treatment (in all figures). 
*p< 0.05 vs. the “C” group. The experiments were repeated three times, with similar results obtained.
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The primary human colon cancer cells (“pri-Can-1/-2”) and primary human colon 
epithelial cells (“pri-Epi-1/2”) were cultured in complete medium and treated with SF1126 
(5 μM). As shown, the PI3K-BRD4 dual inhibitor significantly inhibited cell viability (Fig. 1E) 
and BrdU incorporation (Fig. 1F) in primary cancer cells. Conversely, in the colon epithelial 
cells, the same SF1126 treatment (5 µM, 48 and 72 h) failed to affect cell survival (Fig. 1E) 
or proliferation (Fig. 1F). These results demonstrated that SF1126 potently inhibited human 
CRC cell survival, proliferation, and progression of the cell cycle.

SF1126 induces apoptosis activation in human CRC cells
The potential effect of SF1126 on cell apoptosis was examined. As shown, SF1126 

dose-dependently increased the activities of caspase-3 and caspase-9 in HT-29 cells (Fig. 
2A). Furthermore, the histone-bound single strand DNA content was significantly increased 
in SF1126 (1-10 μM)-treated HT-29 cells (Fig. 2B). TUNEL fluorescence intensity was also 
increased in HT-29 cells following SF1126 (1–10 μM) treatment (Fig. 2C). Thus, SF1126 
induced apoptosis in HT-29 cells. After SF1126 (5 μM, 48 h) treatment the histone-bound 
ssDNA content (Fig. 2D) and TUNEL intensity OD (Fig. 2E) were increased in primary human 
colon cancer cells (“pri-Can-1/2”). The same SF1126 treatment (5 μM, 48 h) failed to induce 
significant apoptosis in primary colon epithelial cells (“pri-Epi-1/2”, Fig. 2D and E). Thus, 
SF1126 induced significant activation of apoptosis in human CRC cells.

SF1126 inhibits Akt-mTOR and BRD4 signalings in CRC cells
SF1126 is a dual inhibitor of PI3K and BRD4; thus, we analyzed the two signals in 

SF1126-treated HT-29 cells [17]. Western blotting assays were performed and the results 
confirmed that SF1126 inhibited the phosphorylation of Akt (Ser-473 and Thr-308) and 
S6K1 (Thr-389) in a dose-dependent manner, which indicated Akt-mTORC1/2 inhibition 
(Fig. 3A). Akt-S6K1 phosphorylation was also blocked in SF1126 (5 μM, 2h)-treated primary 
human colon cancer cells (“pri-Can-1/2”, Fig. 3B and C). Total Akt and S6K1 expression levels 
were unchanged (Fig. 3A-C).

Myc [10, 24, 25] and cyclin D1 [26, 27] are key BRD4 targets. qPCR assay results 
confirmed that Myc mRNA (Fig. 3D) and cyclin D1 mRNA (Fig. 3E) levels were significantly 
decreased in SF1126 (1–10 μM)-treated HT-29 cells. Myc and cyclin D1 proteins were also 
downregulated (Fig. 3F). In the human colon cancer cells (“pri-Can-1/2”), SF1126 (5 μM) 
also induced Myc and cyclin D1 downregulation (Fig. 3G and H). Therefore,SF1126 inhibited 
Akt-mTOR and BRD4 signaling in CRC cells.

Fig. 2. SF1126 induces apoptosis 
activation in human CRC cells. 
HT-29 cells (A–C), primary human 
colon cancer cells (“pri-Can-1/2”, 
D and E), or primary human colon 
epithelial cells (“pri-Epi-1/-2”, D 
and E) were treated with applied 
concentrations of SF1126. Cells 
were further cultured for indicated 
times, and caspase activation and 
the induction of apoptosis were 
tested by the assays described 
in the text (A–E).*p< 0.05 vs. the 
“C” group. The experiments were 
repeated three times, with similar 
results obtained.
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SF1126 is more potent than other PI3K-BRD4 inhibitors in killing CRC cells
We compared the anti-CRC cell activity of SF1126 with other known PI3K or BRD4 

inhibitors. JQ1 is a well-known BRD4 inhibitor and LY294002 is a pan PI3K-Akt-mTOR 
inhibitor [28]. In HT-29 cells, treatment with JQ1 or LY294002 induced a moderate reduction 
in viability (Fig. 4A) and apoptosis (Fig. 4B), but this was less potent than that with SF1126 
treatment (Fig. 4A and B). SF1126 killed HT-29 cells more efficiently than JQ1 plus LY294002 
combined (Fig. 4A and B). Similarly, in the primary human colon cancer cells (“pri-Can-2”), 
JQ1 plus LY294002 co-treatment was less effective than SF1126 in inducing cell death and 
apoptosis (Fig. 4C and D). These results suggest that other mechanisms, besides BRD4 and 
PI3K-Akt-mTOR inhibition, are also responsible for SF1126-induced anti-CRC cell activity.

The shRNA method was utilized to silence Akt1 and BRD4 in HT-29 cells. As described, 
lentiviral Akt1 shRNA and lentiviral BRD4 shRNA were added to HT-29 cells. Stable cells were 
established by puromycin selection, where Akt1 and BRD4 were almost completely silenced 
(“sh-Akt1+BRD4” cells, Fig. 4E). When compared with the control cells (“sh-C” cells), the 
sh-Akt1+BRD4 cells presented with decreased viability and increased cell apoptosis (Fig. 4F 
and G). Importantly, SF1126 could still induce cytotoxicity and apoptosis in “sh-Akt1+BRD4” 
cells, whereas JQ1 plus LY294002 combination treatment was ineffective (Fig. 4F and G). 
There results further confirmed that Akt1-BRD4-independent mechanisms were involved in 
SF1126-induced cytotoxicity in CRC cells.

Fig. 3. SF1126 inhibits Akt-mTOR and BRD4 signalings in CRC cells. HT-29 cells (A–F) or primary human 
colon cancer cells (“pri-Can-1/2”, G and H) were treated with applied concentrations (0.2–10 μM) of SF1126. 
Cells were further cultured for the indicated times, and the expression of the listed mRNA and proteins in 
total cell lysates were tested by qPCR and Western blotting assays, respectively. The total gray area in each 
band was quantified and normalized to tubulin (F–H). *p< 0.05 vs. the “C” group (D and E). The experiments 
were repeated three times, with similar results obtained.
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SF1126 activates p38 in CRC cells
Activation of p38 can promote human CRC cell apoptosis [29, 30]. In the present study, 

we showed that SF1126 activated p38 signaling in HT-29 cells, as evidenced by increased 
phosphorylation of apoptosis signal-regulating kinase 1 (ASK1) and p38 (Fig. 5A). JQ1 
plus LY294002 co-treatment failed to induce ASK1-p38 activation (Fig. 5A), suggesting 
that SF1126-induced p38 activation was independent of PI3K-BRD4 inhibition. Two p38 
inhibitors (SB203580 and SB239063) inhibited, but did not reverse, SF1126-induced HT-29 
cell viability reduction (Fig. 5B) and apoptosis (Fig. 5C). Thus, p38 activation participated in 
SF1126-induced cytotoxicity in HT-29 cells.

To further support the hypothesis, two lentiviral shRNAs that target non-overlapping 
sequences of p38 [“sh-p38 (-1)/(-2)”] were individually transfected into HT-29 cells. Stable 
cells were established, with depleted p38 via puromycin selection( Fig. 5D). SF1126-induced 
p38 activation was blocked in HT-29 cells with p38 shRNA (Fig. 5D). Consequently, SF1126-
induced cytotoxicity (Fig. 5E) and apoptosis (Fig. 5F) were attenuated, further supporting 
the evidence that p38 activation contributed to SF1126-induced cytotoxicity in CRC cells. 
Notably, neither SB203580 nor p38 shRNA [“sh-p38 (-1)”] had an effect on JQ1 plus LY294002 
co-treatment-induced HT-29 cell death (Fig. 5G), suggesting that p38 activation is an unique 
action of SF1126. In primary human colon cancer cells (“pri-Can-2”), SF1126 (5 μM, 2h) 
provoked p38 activation (Fig. 5H). The p38 inhibitors SB203580 and SB239063 attenuated 
SF1126-induced cytotoxicity in primary cancer cells (Fig. 5I).

Fig. 4. SF1126 is more potent than other PI3K-BRD4 inhibitors in killing CRC cells. HT-29 cells (A and B) 
or primary human colon cancer cells (“pri-Can-2”, C and D) were treated with 5 μM of SF1126, LY294002 
(“LY”), JQ1, or LY plus JQ1. Cell viability and apoptosis were tested by the MTT assay (A and C) and TUNEL 
fluorescence intensity assay (B and D), respectively. Stable HT-29 cells, with Akt1 shRNA plus BRD shRNA 
[“sh-Akt1+BRD4”] or scramble control shRNA (“sh-C”), were treated with/without SF1126 (5 μM) or 
LY294002 (5 μM) plus JQ1 (5 μM) for the indicated times; expression of the listed proteins are shown 
(E). Cell viability (F) and apoptosis (G) were tested similarly. *p< 0.05 vs. the “C” group (A–D). # p< 0.05 
vs.“SF1126” treatment (A–D). *p< 0.05 vs. “sh-C” cells (F and G).*p< 0.05 vs. untreated “sh-Akt1+BRD4” cells 
(F and G). The experiments were repeated three times, with similar results obtained.
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Antitumor effect of SF1126 against HT-29 xenograft in mice
Finally, we tested the anti-tumor activity of SF1126 in vivo. A significant number of HT-29 

cells (five million cells per mouse) were inoculated (via subcutaneous injection) to the flanks 
of the nude mice. The volumes of the xenografts reached 100 mm3 within 20 days when the 
SF1126 administration commenced (“Day0”). By recording tumor volumes, we showed that 
SF1126, when injected subcutaneously at 20 or 50 mg/kg daily [17], significantly inhibited 
HT-29 xenograft growth in the mice (Fig. 6A). The estimated daily tumor growth, calculated 
by ([tumor volume at Day36] − [tumor volume at Day0])/36, was significant lower after 
SF1126 administration (Fig. 6B). At Day36, all tumors were isolated and weighed. The 
results showed that tumors in SF1126-treated mice were significantly lighter than those 
of the vehicle control mice (Fig. 6C). SF1126 inhibited tumor growth, with no evidence of 
toxicity, as measured by weight loss (Fig. 6D).

Fig. 5. SF1126 activates 
p38 signaling in CRC 
cells. HT-29 cells were 
treated with 5 μM 
SF1126 or LY294002 
(“LY”) plus JQ1 for 2h. 
Expression of listed 
proteins in total cell 
lysates were tested 
(A). HT-29 cells were 
pretreated for 30 min 
with 5 μM of SB203580 
or SB239063, followed 
by the SF1126 
treatment. Cell viability 
and apoptosis were 
tested by the MTT 
assay (B) and TUNEL 
fluorescence intensity 
assay (C), respectively. 
Stable HT-29 cells, with 
p38 shRNA [“sh-p38 
(-1)/(-2)”] or scramble 
control shRNA (“sh-C”), 
were treated with 5 μM 
of SF1126 for 2h; listed 
proteins were shown 
(D). Cells were also 
cultured for 48 or 72h, 
and cell viability (E) 
and apoptosis (F) were tested. HT-29 cells, pretreated with SB203580 (5 μM) or with p38 shRNA [“sh-p38 
(-1)”], were treated with 5 μM LY plus JQ1 for 72h, and cell viability was tested (G). The primary human 
colon cancer cells (“pri-Can-2”) were treated with 5 μM SF1126 for 2h; expression of listed proteins are 
shown (H). Primary cancer cells were pretreated for 30 min with 5 μM SB203580 or SB239063, followed by 
5 μM of SF1126 treatment for 72h; cell viability was tested (I). “DMSO” stands for 0.1% dimethyl sulfoxide. 
*p< 0.05 vs. the “C” group. # p< 0.05 vs. “SF1126” treatment in the “DMSO” group or in the “sh-C” group. The 
experiments were repeated three times, with similar results obtained.
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Discussion

Agents targeting the PI3K-Akt-mTOR pathway should effectively treat CRC when 
combined with other targeted therapies. SF1126 is composed of LY294002 conjugated 
to a RGD-targeting peptide. This increases the solubility and binding to integrins on the 
tumor vasculature. The pro-drug enhances tumor delivery of the active inhibitor, improving 
antitumor efficacy and tolerability [15, 31]. Recent studies have shown that SF1126 also 
blocks the BRD4 pathway [16, 17]. Our studies show that SF1126 potently inhibited survival, 
proliferation, and progression of the cell cycle in an established CRC cell line (HT-29) and 
primary human colon cancer cells. Significant activation of apoptosis was detected in 
SF1126-treated CRC cells. The dual inhibitor was non-cytotoxic to normal colon epithelial 
cells. SF1126 blocked Akt-mTORC1/2 signaling activation and downregulated key BRD4 
targets (Myc and Cyclin D1) in CRC cells. In vivo, subcutaneous administration of SF1126 at 
well-tolerated doses significantly inhibited HT-29 xenograft tumor growth in mice.

Notably, SF1126 was more potent in inhibiting human CRC cells than the BRD4 specific 
inhibitor (JQ1) or the PI3K-Akt-mTOR pan inhibitor (LY294002). SF1126 was also more 
efficient than JQ1 and LY294002 combined in killing CRC cells. It even provoked cytotoxicity in 
Akt1- and BRD4-double-silenced HT-29 cells. These results implied the involvement of PI3K-
BRD4-independent mechanisms in mediating SF1126’s actions. Indeed, SF1126 activated 
p38 signaling in CRC cells. Conversely, pharmacological p38 inhibition or p38 silencing by 
targeted shRNAs inhibited SF1126-induced cytotoxicity and apoptosis in CRC cells.

Also important was that JQ1 plus LY294002 combination treatment failed to induce 
p38 activation. Furthermore, p38 inhibition or silencing had no significant effect on JQ1 plus 
LY294002 co-treatment-induced cytotoxicity. These results indicate that p38 activation is an 
unique action of SF1126. Previous studies have shown that p38 inactivated cyclin D1-CDK4 
pathway to induce nuclear translocation of RelA, which promoted CRC cell apoptosis [29]. 
Furthermore, p38 activation negatively regulated survivin and gamma-H2AX in CRC cells, 
thus facilitating cell apoptosis [30]. Therefore, concurrent activation of the p38 pathway 
could be one key explanation of the superior anti-CRC activity by SF1126.

Conclusion

Here, we show that SF1126 induced PI3K-Akt-mTOR and BRD4 blockage as well asp38 
activation, causing significant CRC cell inhibition. SF1126 should be further tested as a 
promising and novel anti-CRC agent.

Fig. 6. Antitumor effect of SF1126 against HT-29 xenograft in nude mice. Five million HT-29 cells were 
injected subcutaneously in each nude mouse. After 20 days, HT-29 tumor-bearing mice were randomly 
divided in to three groups (n = 10 per group), treated daily with SF1126 (20 or 50-mg/kg body weight, 
subcutaneous) or saline vehicle control (“Vehicle”). Tumor volume (A) and mice body weight (D) were 
recorded every 6 days. The estimated daily tumor growth (in mm3 per day, B) and tumor weights at Day36 
(C) are shown.*p< 0.05 vs. the “Vehicle” group (A-C). # p< 0.05 vs. the 20 mg/kg SF1126 group (A-C).
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