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Research Article

Introduction

The incidence of colorectal cancer among cancers ranks the 
third in both women and men in China, whereas colorectal 
cancer is the third leading cause of cancer-related death in 
men and the fourth in women.1 Although the incidence of 
colorectal cancer has been declining in developed countries 
like the United States, it has been increasing in developing 
countries such as China because of increased exposure to 
risk factors such as increased consumption of red meat and 
smoking.2 Although the mortality rate and 5-year survival 
rate have improved during the past few decades due to 
emerging therapies such as molecular targeted therapy, the 
5-year survival rate for patients with stage IV colorectal 
cancer is only about 12%.2 Developing novel and effective 
therapeutic strategies for advanced colorectal cancer are 
still urgently needed.

Traditional Chinese medicine has been applied to treat 
cancer or cancer-related symptoms for decades in China. 
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Abstract
Quxie capsule (QX), a herbal remedy used in traditional Chinese medicine, is routinely used in advanced colorectal cancer 
treatment in Xiyuan Hospital in Beijing, China. However, the mechanism(s) underlying the effect of QX in colorectal cancer 
remain unclear, which hampers the optimal use of QX for the treatment of the disease. The transcription factor forkhead 
box O1 (Foxo1) plays important roles in regulation of cell cycle, apoptosis, and immune response in various cancers. In 
this study, we examined the antitumor efficacy of QX in a mouse model of colorectal cancer and further investigated the 
mechanism by which QX regulated Foxo1 protein-mediated pathways. QX administered via gavage daily for 2 weeks in 
mice carrying CT26 mouse colon tumors resulted in significantly lower mean tumor weight (0.93 ± 0.32 g) compared with 
that in vehicle control-treated mice (1.57 ± 0.57 g, P <.05). Foxo1 protein expression in tumors was also higher in the QX 
group than that in the vehicle control group. Furthermore, QX treatment upregulated apoptotic proteins such as Fas, Bim, 
and cleaved caspase-3 in tumor tissue compared with those in the vehicle control group. Intriguingly, the ratios of Th1/
Th2 and Th17/Treg cells and levels of T-bet protein (the key regulator of Th1 and Th2 cells) were higher while the level 
of Foxp3 (the key regulator of Treg cells) was lower in QX-treated mice compared to vehicle control mice, revealing that 
Foxo1 upregulated T-bet and downregulated Foxp3 and induced a shift in immune balance. This shift could be critical in the 
antitumor efficacy of QX. Furthermore, knocking down Foxo1 in human colon cancer HCT116 cells partially blocked the 
effect of QX-elicited antiproliferative activity. Together, these results suggest that QX exerts antitumor activity in CT26 
mouse colon cancer model partially mediated by Foxo1-induced apoptosis and antitumor immune response.
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Quxie capsule (QX) is a modified formula of Yinyanggongji 
pill, a herbal formula developed thousands of years ago. 
Compared with Yinyanggongji pill, QX has higher amounts 
of Coptis chinensis, Pinelliae rhizoma, Citri grandis exo-
carpium, Poria, Arecae semen, Magnoliae officnalis, 
Aurantii fructus immaturus, Acori tatarinowii, Corydalis 
rhizoma, Panax Ginseng, Lignum aquilariae resinatum, 
and Radix platycodonis. QX has been used for the treatment 
of advanced colorectal cancer in the traditional Chinese 
medicine oncology clinic in Xiyuan Hospital, Beijing, 
China. A randomized controlled trial conducted in this 
clinic has suggested that QX combined with conventional 
chemotherapy showed a significant survival benefit com-
pared with chemotherapy alone in previously treated stage 
IV colorectal cancer patients at the age of 65 years or 
younger with left-sided colon disease.3 In addition, elevated 
level of apoptosis-related protein cleaved caspase-3 was 
found in QX-treated HCT116 cells,4 and elevated level of 
cytokine IFN-γ but reduced level of IL-4 were found in 
QX-treated mice.5 However, the molecular mechanisms by 
which QX induces colon cancer cell apoptosis and modu-
lates host immune response still remain unclear.

Foxo1 is a member of the human mammalian class O of 
forkhead box transcription factors and plays important roles 
in regulation of cell cycle arrest, apoptosis, and immune 
response in various cancers.6-8 Mounting evidence suggests 
that Foxo1 functions as a tumor suppressor as it possess 
antiproliferative and proapoptotic activities in a variety of 
cancers.8-10 Foxo1 is known to be involved in mitochondria-
dependent and -independent processes that stimulate the 
expression of death receptor ligands, including Fas ligand 
and Bcl-2 family members Bcl-XL, BNIP3, and Bim.11 
Additionally, Foxo1 is important in regulating CD4+ T cell 
trafficking and homeostasis.12 Foxo1 was also reported to 
modulate Foxp3 expression and influence regulatory T 
(Treg) cell lineage commitment,13,14 as well as modulate T 
helper 1 (Th1) cell differentiation via T-bet.15,16 Significantly, 
in colon carcinoma-derived cells, inhibition of Foxo gene or 
protein via gene silencing or the pharmacological perturba-
tion of signaling pathways such as EGFR, β-catenin, Wnt, 
or PI3K-AKT leads to CRC carcinogenesis.17

Understanding the effect of QX on Foxo1 could help opti-
mize the use of QX in colorectal cancer treatment. In this study, 
we examined the antitumor efficacy of QX in a mouse model 
of colon cancer and human colon cancer cells and observed 
that QX can inhibit the growth of colorectal cancer potentially 
through regulating Foxo1 mediated pathways.

Materials and Methods

Preparation of QX

QX is composed of the following herbs: Evodiae fructus, 
Zingiberis rhizoma, Cortex cinnamomi, Radix aconiti, 

Coptis chinensis, Pinelliae rhizoma, Citri grandis exocar-
pium, Poria, Arecae semen, Magnoliae officnalis, Aurantii 
fructus immaturus, Acori tatarinowii rhizoma, Corydalis 
rhizoma, Panax Ginseng, Lignum aquilariae resinatum, 
Radix platycodonis, Succinum, Crotonis fructus, Galli 
Gigerii endothelium corneum, Hordei fructus germinatus, 
and Gleditsiae fructus abnormalis, at a ratio of 10:10:10: 
10:8:8:8:8:8:8:8:8:8:8:8:8:8:5:5:5:60. Gleditsiae fructus 
abnormalis was prepared by boiling this particular herb for 
30 minutes twice followed with filtration and lyophiliza-
tion. The rest of the herbs were powdered and mixed with 
the lyophilized Gleditsiae fructus abnormalis extraction 
thoroughly. QX was manufactured by the Pharmaceutical 
Center of Xiyuan Hospital (batch number 20170501, 
Beijing, China) and was dissolved in filtered (0.22 µm) 
water for the animal study.

Cell Culture

Both mouse colon carcinoma CT26 cells and human colon 
carcinoma HCT116 cells were purchased from National 
Infrastructure of Cell Line Resource of China (Beijing, 
China) or ATCC (Manassas, VA, USA). CT26 cells were 
cultured in RPMI-1640 medium, and HCT116 cells were 
cultured in McCoy’s 5A medium; both media were supple-
mented with 10% fetal bovine serum (FBS) and 1% penicil-
lin and streptomycin and incubated at 37°C in a humidified 
5% CO

2
 atmosphere. For cell treatment, QX was boiled in 

hot water for 35 minutes, and then filtered and lyophilized. 
Lyophilized powder of QX was dissolved in cell culture 
medium and filtered by a 0.22 µM filter prior to the 
treatment.

Laboratory Animals

All animal studies were approved by The University of 
Texas MD Anderson Cancer Center Animal Care and Use 
Committee (IACUC protocol number: 00000669-RN02). 
Female Balb/c mice at 6 to 8 weeks old with body weight 
25 ± 5 g were used. The animal facility was kept controlled 
at 23°C and 10% humidity, with a 12-hour light and 
12-hour dark cycle. Mice were acclimated for 1 week in 
the animal facility prior to the experiment. Mice were 
injected with CT26 cells (1 × 105 cells/mouse) subcutane-
ously on the right flank and then randomly assigned to 
receive vehicle control or QX when tumor volume reached 
50 mm3. Mice were treated with vehicle (ddH

2
O) or QX at 

18.5 g/kg via gavage daily for 14 days. Tumor volume 
(mm3 = 1/2 × long diameter × short diameter2) was mea-
sured every other day. At the end of the 2-week treatment, 
the mice were euthanized, and the tumors were removed 
and either fixed in a 10% formalin-PBS  
(phosphate-buffered saline) solution or flash frozen in liq-
uid nitrogen and stored at -80°C for further analysis. 
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Spleens were collected and placed in ice-cold 1× HBSS 
(Hank’s balanced salt solution) for immune cell analysis.

TUNEL Assay Staining

To detect the in situ apoptosis in tumor tissue sections, we 
followed the TUNEL method as described by Resendes 
et al18 by using a TUNEL detection kit (Intergen Co., 
Oxford, UK).

Histopathology and Immunohistochemistry

Formalin-fixed tumor tissues were paraffin processed for 
biomarker identification by immunohistochemistry (IHC) 
staining. For IHC staining, slides were baked at 60°C for 
over 2 hours and then deparaffinized and rehydrated. 
Antigens were unmasked by heat-induced antigen retrieval. 
Slides were then immersed in 3% H

2
O

2
-methanol solution 

followed by blocking with 5% goat serum in 0.3% Triton 
X-100 PBS. Then slides were stained with Ki-67 antibody 
in a humidified chamber overnight at 4°C. Slides were 
washed thrice with PBS and then incubated with secondary 
antibody at room temperature for 45 minutes. Slides were 
incubated with ABC (Vector Laboratories, Burlingame, 
CA) followed by DAB (3,3′-diaminobenzidine) substrate 
for antibody visualization and counterstained with Mayer’s 
hematoxylin, dehydrated, and mounted with ClearMount 
Mounting Medium (American MasterTech, Lodi, CA).19

Western Blotting

Tumor and spleen tissues were placed in ice-cold lysis 
buffer (Thermo Fisher Scientific, Waltham, MA) and 
homogenized with tissue homogenizer (Precellys, Bertin 
Corp., Rockville, MD) followed by centrifugation at 
10,000 g for 10 minutes at 4°C. Protein levels were quanti-
fied using the BCA protein assay. An equal amount of pro-
tein (20 µg) was applied to 10% to 15% SDS gel and then 
transferred onto polyvinyl membranes, according to stan-
dard procedure. Membranes were blocked with 5% nonfat 
dry milk blocking buffer prepared in Tris-buffered saline 
with 0.1% Tween 20 for 1 hour at room temperature. The 
membranes were then probed with primary antibodies of 
Foxo1, phosphorylated Foxo1 (p-Foxo1), caspase-3, 
cleaved caspase-3, Bim, FasL, T-bet, and GAPDH over-
night at 4°C. The membranes were extensively washed 
and incubated with secondary antibodies (antirabbit IgG) 
prepared in 5% nonfat dry milk blocking buffer with 0.1% 
Tween 20 for 1 hour at room temperature. All antibodies 
were obtained from Affinity Biosciences (Cincinnati, 
OH). The membranes were washed again and then incu-
bated with the ECL+ detection kit for 5 minutes. 
Membranes were scanned by Bio-Rad ChemiDoc Touch 
imaging system via chemiluminescence (Bio-Rad 
Laboratories, Carsland, CA). NIH ImageJ software was 
used for protein bands quantification.

Immune Cell Profiling

Spleen and tumor tissues were collected and placed in plain 
1× HBSS. For isolation of lymphocytes from spleens and 
tumors, protocols described by Bartkowiak et al20 were used. 
In each sample, 1 × 106 cells were used for staining for 
immune cell surface markers. Cells were then incubated at 
4°C for 1 hour with antibodies against mouse CD4 
(BioLegend, San Diego, CA), CD3 (BD Biosciences, San 
Jose, CA), and CD8 (BioLegend). Subsequently, the cells 
were washed twice with PBS containing 2% FBS and then 
fixed and permeabilized with Foxp3 Fix/Perm Kit 
(ThermoFisher Scientific, Waltham, MA). Then cells were 
washed twice with wash buffer and incubated with intracel-
lular markers: Foxp3 (eBioscience, San Diego, CA), IFN-γ 
(BioLegend), IL-17(BD Biosciences), and IL-4 (BioLegend) 
for 1 hour at 4°C. Antibodies were diluted according to the 
manufacturers’ recommendations. All the samples were col-
lected on a BD Accuri C6 cytometer (BD Biosciences) and 
analyzed using FlowJo software (FlowJo v.10, Ashland, OR).

Detection of Apoptosis by Annexin V-FITC/PI 
Double Staining

Annexin V-FITC/PI staining (BD Biosciences) was used to 
quantify early and late apoptotic cells. Briefly, HCT116 
cells (2.5 × 106) were treated with QX (0.3 and 0.6 mg/mL) 
for 48 hours. Cells were then harvested and washed with 
cold PBS twice and then stained with fluorescein isothiocy-
anate-conjugated annexin V and propidium iodide per the 
manufacturer’s instructions. Fluorescence was detected by 
a BD FACSCalibur flow cytometer and analyzed using 
CellQuest Pro software (BD Biosciences).

Small Interfering RNA Transfection

Small interfering RNA (siRNA) against the human FOXO1 
gene or negative control siRNA (QIAGEN, Germantown, 
MD) were transiently transfected into HCT116 cells using 
Lipofectamine 3000 reagent (Invitrogen Life Technologies, 
Carlsbad, CA), according to the manufacturer’s instruc-
tions. The sequences of siRNA were as follows: 5′-CUG 
GAU CAC AGU UUU CCA AAUG-3′ (FOXO1) and 5′-
GCA AGC UGA CCC UGA AGU UCAU-3′ (negative). 
After 48 hours, the cells were analyzed by Western blot 
assays or treated with QX (0.3 mg/mL) for 24 hours for cell 
count analysis.

Statistical Analysis

The Student’s t test was used to determine the statistical dif-
ferences between control and treatment groups; a value of  
P ≤ .05 was considered significant. One-way ANOVA anal-
ysis of variance was used to determine statistical differ-
ences of the means in more than 2 groups. All analyses were 
performed using GraphPad Prism (version 7.0).



4 Integrative Cancer Therapies 

Results

QX Suppressed CT26 Tumor Growth in 
Syngeneic Mice

Tumor volume was measured every other day, and tumors 
were collected and weighed after the 2-week treatment. 
The tumor growth curve indicated that tumors grew more 
slowly in QX-treated mice compared with vehicle con-
trol-treated mice. At the end of the study, the mean tumor 
volume was 1302 ± 378 mm3 in the control group and 
681 ± 300 mm3 in QX-treated mice (P < .05; Figure 1A). 
After 14 days of treatment, mean tumor weight in 
QX-treated mice (0.93 ± 0.32 g, n = 10) was significantly 
lower than in the vehicle control group (1.57 ± 0.57 g, n 
= 9, P < .05; Figure 1B). Limited body weight changes 
were observed between the QX-treated and vehicle con-
trol-treated mice (24.08 ± 1.00 g vs 24.46 ± 1.23 g, P > 
.05; Figure 1C). These results indicate that QX exerted 
antitumor activity in syngeneic mice without causing 
significant toxicity.

QX Inhibited Cell Proliferation and Induced 
Apoptosis in Tumor Tissue

We used IHC staining for Ki-67 to determine the prolif-
eration status of CT26 tumors. The Ki-67 expression was 
lower in CT26 tumor tissue derived from QX-treated 
mice than in tumor tissue from vehicle control-treated 
mice, and the reduction was statistically significant (P < 
.01; Figure 2A). To determine the underlying mechanism 
by which QX inhibits tumor growth, we measured apop-
totic cell death with the TUNEL staining and the expres-
sion of apoptotic related protein with Western blotting. 
The apoptotic cell death was significantly higher in 
QX-treated mice than in vehicle control-treated mice (P 
< .05; Figure 2B). The levels of the proapoptotic proteins 
Bim, FasL, and cleaved caspase-3 were significantly 
higher in QX-treated CT26 tumors than in vehicle con-
trol-treated tumors (P < .01; Figure 2C), suggesting that 
QX inhibited the growth of CT26 tumor by reducing cell 
proliferation and inducing apoptosis in CT26 tumor cells.

Figure 1. Quxie capsule (QX) showed antitumor effects in a CT26 colon tumor syngeneic mouse model. (A) The growth curves of 
CT26 tumors in mice treated with QX or vehicle control for 14 days. (B) The mean terminal tumor weight in QX-treated mice was 
significantly lower than that in vehicle control-treated mice. (C) No difference was observed in the body weight of QX-treated and 
vehicle control-treated mice. Data are presented as mean ± SD. N = 9 to 10. *P < .05 for QX-treated mice compared with vehicle 
control-treated group.
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QX Regulated Foxo1 and p-Foxo1 Expression in 
Tumor Tissues

To determine whether QX-induced apoptosis could be 
mediated through Foxo1 alteration, we measured the 

protein levels of Foxo1 and p-Foxo1 in both tumor and 
spleen tissues with Western blotting. As shown in Figure 
3A, Foxo1 expression in tumor tissues from QX-treated 
mice was 1.89-fold of that treated with vehicle control (P < 
.01), while p-Foxo1, the inactive form of Foxo1, was 71% 

Figure 2. Quxie capsule (QX) inhibited cell proliferation and induced apoptosis in tumor tissues. (A) Ki-67 staining of tumor sections 
obtained from mice treated with (a) vehicle control or (b) QX. Quantification of Ki-67-positive cells in the tumor sections (c). (B) 
TUNEL staining of tumor sections obtained from mice treated with (a) vehicle control or (b) QX. Quantification of TUNEL-positive 
cells in the tumor sections (c). (C) Western blotting of proapoptotic proteins Bim, FasL, and cleaved caspase-3 expression in tumor 
tissues of QX-treated mice or vehicle control-treated mice. Data are presented as mean ± SD. *P < .05, **P < .01 versus vehicle 
control.
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lower in tumor tissues from QX-treated mice compared 
with tumor tissues from control-treated mice (P < .01). 
Given Foxo1 acts as a tumor suppressor and can regulate 
proapoptosis-related pathways, these data suggest that QX 
upregulates the active form of Foxo1 protein, which may 
contribute to its antitumor effects.

QX Regulated Foxo1 and p-Foxo1 Expression in 
Spleen Tissue

We measured the expression of Foxo1, p-Foxo1, T-bet (the 
key regulator of Th1/Th2 cell differentiation), and Foxp3 
(the key regulator of Treg cell differentiation) protein by 
Western blotting in spleen tissues from QX-treated and 
vehicle control-treated mice. Foxo1 was lower in spleen tis-
sues from QX-treated mice than in tissues from vehicle 
control-treated mice (0.43 ± 0.01 vs 0.54 ± 0.03, P > .05), 
while p-Foxo1 expression was significantly higher in the 
spleen tissues from QX-treated mice than in tissues from 
vehicle control-treated mice (0.67 ± 0.05 vs 0.39 ± 0.02, P 
< .01; Figure 3B). T-bet expression was significantly higher 
(0.79 ± 0.04 vs 0.57 ± 0.04, P < .01), while Foxp3 was sig-
nificantly lower (0.47 ± 0.03 vs 0.74 ± 0.07, P < .01), in 
spleen tissues from QX-treated mice than in tissues from 

vehicle control-treated mice (Figure 3B). Collectively, 
these data suggested that QX downregulates the expression 
of Foxo1 in spleen tissues of the CT26 tumor-bearing mice, 
which in turn, modulates key regulators of T helper cell 
differentiation.

QX Modulated Immune Cell Populations in 
Tumor and Spleen Tissues

We measured immune cell populations in both tumor and 
spleen tissues from QX- and vehicle control-treated mice 
by flow cytometry, respectively (Figure 4A&5A). The per-
centage of Th1 cells in tumor tissue from QX-treated mice 
was 2.1 times higher than that in vehicle control-treated 
mice (P < .05), and the proportion of Th2 cells was 48.9% 
lower in tumor tissues from QX-treated mice than in tissues 
from vehicle control-treated mice (P > .05; Figure 4B). 
There was no difference in the proportion of Th17 cells in 
tumor tissues from QX-treated mice compared with that in 
tissues from vehicle control-treated mice (P > 0.05; Figure 
4B). Additionally, the proportion of Treg cells was 61.4% 
lower in tumor tissues from QX-treated mice than in tumor 
tissues from vehicle control-treated mice (P > .05; Figure 
4B). We also calculated the ratios of Th1/Th2 and T17/Treg. 

Figure 3. Quxie capsule (QX) regulates the expression of Foxo1 and its regulatory proteins in mouse tumor and spleen tissues. (A) 
Western blots of Foxo1 and p-Foxo1 protein expression in mouse CT26 colon tumor tissues. (B) Foxo1, p-Foxo1, Foxp3, and T-bet 
protein expression in spleen tissues of mice bearing CT26 tumor. Mice in the control group were ordinary Balb/c mice without tumor 
and treatment. Data are presented as mean ± SD. **P < .01 versus vehicle control.
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The Th1/Th2 ratio was 3.1 times higher in tumor tissues 
from QX-treated mice than in tissues from vehicle control-
treated mice (P < .05), whereas less modulation of the Th17/
Treg ratio by QX was observed (P > 0.05; Figure 4C and D)

There was no difference in the population of IFN-γ-
positive Th1 cells in spleen tissues from QX-treated mice 
compared with the spleen tissues from vehicle control-
treated mice. The population of Th2 cells in QX-treated 
mouse spleen was 39.1% lower than that in vehicle control-
treated mouse spleen, but the difference was not significant 
(P > .05; Figure 5B). The proportion of Th17 cells was also 
lower in spleen tissues from QX-treated mice than in spleen 
tissues from vehicle control-treated mice (5.88% and 
8.39%, respectively; P > .05). Furthermore, the proportion 
of Treg cells was lower in spleen tissues from QX-treated 
mice than in spleen tissues from vehicle control-treated 
mice (1.06% and 1.77%, respectively; P > .05). The ratio of 
Th1/Th2 was significantly higher in spleen tissues of 

QX-treated mice than that of veihicel-control group whereas 
only limited differences in Th17/Treg ratios were observed 
in spleen tissues from QX-treated and vehicle control-
treated mice (Figure 5C and D). These data suggested that 
QX is capable of modulating the immune suppressive tumor 
microenvironment by increasing the population of Th1 cells 
and reducing the Treg immune cells.

QX-Induced Cell Death Was Mediated by Foxo1

Because we found that apoptosis-related proteins such as 
cleaved caspase-3, FasL, and Bim were elevated in QX-treated 
tumor tissue, we sought to confirm the  induction of apoptosis 
by Annexin V-FITC/PI staining in human colon cancer HCT116 
cells in vitro. The results showed that cells treated with QX (0.3 
mg/mL and 0.6 mg/mL,  respectively) for 48 hours underwent 
apoptotic cell death in a dose-dependent manner compared with 
vehicle control-treated cells (29.15%, 72.69%, and 7.00%, 

Figure 4. T helper cell profiling in Quxie capsule (QX)-treated tumor tissues. (A) Representative flow cytometry of T cells in tumor 
tissues. Numbers circled in red indicate percentage of Th1 (CD4+ IFN-γ+) cells, Th2 (CD4+ IL-4+) cells, Th17 (CD4+ IL-17+) cells 
(left panel), and Treg (CD25+ Foxp3+) cells (right panel). (B) Percentages of Th1, Th2, Th17, and Treg cells among tumor-infiltrated 
lymphocytes. (C) The Th1/Th2 ratio in vehicle control- and QX-treated tumor tissues. (D) The Th17/Treg ratio in vehicle control- 
and QX-treated tumor tissues. Data are presented as mean ± SD. *P < .05 versus vehicle control.
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respectively; P < .01; Figure 6A). Also, Foxo1 protein expres-
sion was significantly higher in QX-treated cells than in vehicle 
control-treated cells (Figure 6B).

To validate whether the antiproliferative effect of QX 
was mediated by Foxo1, we evaluated cell viability by 
counting the viable cells in QX-treated Foxo1 siRNA and 
control siRNA-silenced HCT116 cells. As shown in Figure 
6C and D, the antiproliferative effect of QX was less pro-
nounced in FOXO1-knockdown HCT116 cells (<10% inhi-
bition) than in control siRNA-transfected cells (29% 
inhibition). These results suggested that upregulating Foxo1 
might be responsible for QX-elicited inhibition of cell pro-
liferation and induction of apoptosis in colon cancer cells.

Discussion

In this study, we demonstrated that QX inhibited colon 
tumor growth through induction of apoptosis and that this 

inhibition might be mediated through the Foxo1 pathway. 
Foxo1 acts as a tumor suppressor, and it has been shown to 
inhibit cell migration and invasion in prostate cancer in 
vitro.21 Foxo1 protein stability and transcriptional activity 
are affected by phosphorylation modification.7,22 Foxo1 
localizes in the nucleus and transcriptionally regulates cel-
lular functions and activities, and phosphorylation of Foxo1 
leads to its nuclear export, degradation, and loss of tran-
scriptional activity.23 Because Foxo1 inactivation is com-
mon in many human cancer types, restoring Foxo1 activity 
is a potential approach for cancer treatment.24 In our study, 
increased Foxo1 protein and decreased inactive form of 
p-Foxo1 expression were observed in QX-treated tumor tis-
sue, suggesting the apoptotic cell death induced by QX in 
colon tumors might be mediated by Foxo1-related signaling 
pathway(s).

In addition to tumor suppression, Foxo1 is also involved in 
regulation of T cell differentiation,16,25-27 particularly, CD4+ T 

Figure 5. T helper cell profiling in Quxie capsule (QX)-treated spleen tissues. (A) Representative flow cytometry of T cells in spleen 
tissue. Numbers circled in red indicate percentage of Th1 (CD4+ IFN-γ+) cells, Th2 (CD4+ IL-4+) cells, Th17 (CD4+ IL-17+) cells 
(left panel), and Treg (CD25 + Foxp3+) cells (right panel). (B) Percentages of Th1, Th2, Th17, and Treg cells in spleen tissues. (C) The 
Th1/Th2 ratio in vehicle control- and QX-treated spleen tissues. (D) The Th17/Treg ratio in vehicle control- and QX-treated spleen 
tissues. Data are presented as mean ± SD. *P < .05 versus vehicle control.
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Figure 6. Quxie capsule (QX) had an anticancer effect in human colorectal cancer HCT116 cells. (A) Flow cytometry showed 
apoptotic cells in QX- or vehicle control-treated HCT116 cells with Annexin V-FITC/PI double staining. The lower right quadrant 
showed annexin-positive cells (early apoptosis), and the upper right quadrant shows cells positive for both annexin and PI (late 
apoptosis). aP < .01 for QX-treated compared with vehicle-treated HCT116 cells. bP < .01 for QX (0.6 mg/ml)-treated compared with 
QX (0.3 mg/mL)-treated HCT116 cells. (B) Foxo1 protein expression in QX-treated HCT116 cells. *P < .05 versus vehicle control. 
(C) Foxo1 protein expression in FOXO1 siRNA-silenced HCT116 cells. (D) Cell viability in QX-treated Foxo1 siRNA and control 
siRNA-transfected HCT116 cells. aP < .05 for QX-treated control siRNA-transfected cells compared with vehicle-treated controls.  
bP < .05 for QX-treated FOXO1 siRNA transfected cells compared with QX-treated control siRNA-transfected cells. Data are 
presented as mean ± SD.
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helper cell differentiation.12,28 CD4+ T cell differentiation 
toward Th1 or Th2 lineage is driven by T-bet and GATA3, 
respectively.27 Foxo1 has been found to repress T-bet in T cells, 
which inhibits the expression of T-bet without direct DNA 
binding, indicating that inactivation of Foxo1 is essential for 
enhanced expression of T-bet.16 Treg cells typically express 
Foxp3, and Foxo1 was demonstrated to be involved in the 
induction of Foxp3 expression in Treg cells.13 Thus, the inacti-
vated Foxo1 in the immune cells plays a pivotal role in induc-
tion of Th1 cells and repression of Treg cells. Taken together, 
these findings show that Foxo1 is an upstream regulator of T 
helper cell differentiation. Tumor-infiltrating lymphocytes are 
critical in antitumor immune response.29 The abundance of 
tumor-infiltrating T cells has been linked to prognosis in 
colorectal cancer patients.30 For example, it has been reported 
that a higher Th1 cell presence was associated with prolonged 
disease-free survival,31 excessive Treg cells suppress antitu-
mor immune responses in colon cancer, and a higher level of 
Treg cells in tumors has been associated with poor prognosis in 
colorectal cancer patients.32 An imbalance of Th1 and Th2 or 
gradual loss of Th1 populations and increase in Th2 cytokine 
profile occur during progressive tumor growth in mouse mod-
els of renal cell carcinoma and colon adenocarcinoma.33-36 It 
was reported that transcription factor Foxo1 plays a critical 
role in controlling the development and function of Foxp3+ 
Treg cells as well as the T-bet-mediated differentiation from 
Th0 to Th1 and Th2 cells.14,27,34,37 In our study, we found that 
Foxp3 was downregulated and T-bet was upregulated in the 
spleen tissue of mice treated with QX, thus leading to increased 
ratios of Th1 to Th2 and Th17 to Treg cells.

In addition to Foxo1-mediated pathways, other anticancer 
mechanisms of the components of QX have been reported. 
For example, Gleditsia saponin C (GSC), an extract of 
Gleditsiae fructus abnormalis, is believed to induce cell death 
by increasing the ratio of Bax to Bcl-2 and inhibiting the ERK 
and Akt signaling pathways.38 Additionally, GSC was shown 
to suppress TNF-α-induced NF-κB activation, which in turn 
raised the susceptibility of lung cancer cells to TNF-α-induced 
apoptosis.38 GSC can also lead to cell cycle arrest at the G2/M 
phase and inhibit the growth of human colon cancer (HCT116) 
both in vitro and in vivo through increased p53 levels, down-
regulation of cyclins and cyclin-dependent kinases, and phos-
phorylation of ERK, p38 MAP kinase, and JNK.39-41 Crotonis 
fructus, another important component of QX, was reported to 
inhibit 12-O-tetradecanoylphorbol-13-acetate-induced cell 
invasion and upregulate matrix metalloproteinase-9 expres-
sion in MCF-7 cells via protein kinase C/p38/c-Jun N-terminal 
kinase/AP-1 pathway.42 Another herb in QX, Coptis chinen-
sis, was shown to exert an anticancer effect by inhibiting the 
proliferation of vascular smooth muscle cells.43 In addition to 
its direct antitumor effect, Coptis chinensis also has shown 
anti-inflammatory effects in mouse models by downregulat-
ing nitric oxide and inducible nitric oxide synthase via its sup-
pression of NF-κB and MAPK activation.43,44

The Chinese herbal formula QX has been routinely 
used in colorectal cancer treatment in Xiyuan Hospital in 
Beijing, China. In general, a limited number of patients 
reported abdominal pain or diarrhea that might be caused 
by QX treatment because some of the herbs, such as 
Crotonis fructus or its component, has a relatively strong 
purgative effect45,46 and has been reported to cause 
abdominal pain in animal study in a dose-dependent man-
ner.47 However, these side effects are usually manageable 
and allow patients to continue to use this particular for-
mula for the treatment of their colorectal cancer. A ran-
domized controlled clinical trial conducted in Xiyuan 
hospital showed that no severe hematological toxicity 
(grade III or higher), liver toxicity, or kidney toxicity was 
observed in all 30 patients treated with QX.3 One patient 
in QX treatment group reported abdominal pain as an 
adverse event.3 Here, we further confirmed that QX at 
clinical relevant dose did not reduce the body weight of 
the mice bearing CT26 tumor or cause any gastrointesti-
nal tract-associated symptoms. Given that the duration of 
QX treatment in the current study is less than 1 month, 
studies of various doses of QX and long-term administra-
tion to further explore its efficacy, safety, and toxicity are 
needed.

Our study demonstrated that QX elicited antitumor 
efficacy in a CT26 syngeneic mouse model partially via 
Foxo1-mediated apoptosis and immune cell regulation. 
Given Foxo1 can be modulated by a number of regulating 
factors, such as reactive oxygen species,48,49 AKT, and 
SIRT1,50 further study is needed to explain how QX regu-
lates Foxo1 by examining the aforementioned regulating 
factors in colorectal tumor. Furthermore, because QX is 
composed of multiple herbs, there might be other signal-
ing pathways involved in QX-elicited antitumor efficacy. 
Thus, screening methods such as RPPA or RNAseq need 
to be performed to identify other possible pathways that 
might be involved in QX-elicited antitumor activity in 
further study. In addition, determining how each individ-
ual herb contributes to antitumor effect of QX in colorec-
tal cancer might further optimize the therapeutic potential 
of QX in this particular cancer. Collectively, in light of its 
observed antitumor efficacy and relatively good safety 
profile, further investigation of the antitumor mechanism 
of QX in colorectal cancer is warranted.
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