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Abstract. Five‑fluorouracil (5‑FU) is a widely used chemo-
therapeutic agent for digestive system tumors; however, 
continuous use of 5‑FU may cause severe side effects, 
including myelosuppression and immunosuppression. Our 
previous study revealed that calcineurin B subunit (CnB), an 
innovative genetic engineering antitumor protein, possesses 
tumor‑suppressive effects with low toxicity. CnB can bind 
to and activate integrin αM on macrophages, subsequently 
promoting the expression, and secretion of TNF‑related 
apoptosis‑inducing ligand, a specific proapoptotic cytokine. 
In the present study, whether the combined use of CnB and 
5‑FU can reverse the myelosuppression, and immunosup-
pressive effects of 5‑FU by reactivating the immune system 
thus increasing antitumor efficacy, was investigated. It was 
demonstrated that combined treatment of 5‑FU and CnB led to 
increased tumor‑suppressive effects, as indicated by reduced 
tumor volume and weight when compared with 5‑FU or CnB 
treatment alone in a hepatoma xenograph model. In addition, 
it was demonstrated that combined treatment inhibited the 
proliferation of hepatoma cells. Notably, the addition of CnB 
to 5‑FU‑based therapy completely reversed the immunosup-
pressive effect of 5‑FU. The spleen index and total number 
of white blood cells in the combination group were higher 
compared with that of the 5‑FU alone group. Furthermore, 
pathological examinations indicated that CnB attenuated 

5‑FU‑induced organ damage. Based on these findings, it is 
proposed that CnB may serve as a novel and promising drug 
candidate for the improvement of 5‑FU‑based chemotherapy.

Introduction

Chemotherapy is one of the most effective and widespread 
methods for the treatment of cancers (1). Five‑fluorouracil 
might be the outstanding representative among these 
methods (2). Five‑fluorouracil is an effective treatment for 
cancers of the colon, breast, stomach, head and neck and is 
particularly effective in the management of liver cancer (3,4). 
The mechanism of the cytotoxicity of 5‑FU has been ascribed 
to the misincorporation of fluoronucleotides into RNA and 
DNA and to the inhibition of the nucleotide synthetic enzyme 
thymidylate synthase (5). When used as a monotherapy for 
hepatocellular carcinoma (HCC) patients, 5‑FU results in 
improvements of median survival times by 14  weeks  (6). 
However, 5‑FU treatment results in numerous side effects due 
to its poor selectivity for tumor cells over normal cells; 5‑FU 
not only effectively inhibits the proliferation of tumor cells 
but also kills normal cells. Clinically, 5‑FU treatment leads 
to the dysfunction of organs that include the heart, liver and 
kidney. Treatment with 5‑FU also induces myelosuppression 
and immunosuppression (7‑10). Moreover, the administration 
of routine doses of 5‑FU of patients is typically accompanied 
by diarrhea, nausea, vomiting, poor appetite and low blood 
counts (11). Therefore, it is essential to develop new drugs to 
prevent the unwanted side effects induced by 5‑FU in cancer 
patients while simultaneously enhancing its efficacy against 
tumors (12).

Calcineurin (Cn) is the only Ca2+/calmodulin (CaM)‑ 
dependent serine/threonine protein phosphatase. Cn is a 
heterodimer composed of a 61‑kDa catalytic subunit (CnA) 
and a 19‑kDa regulatory subunit (CnB) (13,14). Recent research 
has shown that Cn is necessary for the inhibition of tumor 
outbreaks, and genetic and pharmacological suppression of the 
function of the calcineurin/nuclear factor of activated T cells 
(NFAT) promotes tumor formation in mouse skin (15). Cn 
inhibitors, such as cyclosporin A (CsA), might increase the 
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risk of squamous cell carcinomas in organ transplant recipi-
ents to a greater extent than in the normal population (16). 
CnB was traditionally thought to regulate the phosphatase 
activity of the calcineurin A subunit  (17,18). However, in 
recent years, it has been shown that CnB has functions that 
are independent of its role as the regulatory subunit of CnA. 
For example, CnB is indispensible for the positive selection 
of thymocytes; however, CnB is unnecessary for negative 
selection (18). CnB is also necessary for enabling centrioles 
to retain pricentriolar material (PCM) and to organize the 
interphase aster in Drosophila Melanogaster neuroblasts (19). 
Moreover, CnB can potentiate the activation of procaspase‑3 
by accelerating its proteolytic maturation (20). Previous work 
in our lab has revealed that intraperitoneal injection of CnB 
prolongs the survival of mice with H22 ascitic tumors and 
inhibits the growth of S180 sarcomas in a mouse xenograft 
model (21). The antitumor effect of CnB is closely related 
to its function in immune regulation because we also found 
that CnB can mature and activate dendritic cells and enhance 
antigen presentation and thus function as a novel adjuvant of 
cancer vaccines (22) and the Engerix‑B® HBV vaccine (23). 
Additionally, CnB can activate macrophages by binding to 
integrinαM, and then promotes the expression and secre-
tion of TNF‑related apoptosis‑inducing ligand (TRAIL), a 
specific pro‑apoptotic cytokine (24,25). Further, synergistic 
interaction between CnB and IFN‑γ enhances macrophage 
antitumor activity by polarize tumor associated macrophages 
to M1‑phenotype (26). The toxicity of CnB has also been 
evaluated; acute toxicity experiments have indicated that 
mice can endure at least 50‑fold the normal CnB dose (21,23). 
Because CnB is an innovative genetic engineering antitumor 
drug candidate with very low toxicity, and it can activate 
immune system so we were interested in determining whether 
combination therapies with CnB and clinical chemotherapeutic 
drugs, like 5‑FU, could produce enhanced antitumor activity 
with reduced side effects on immune systems, for instance, 
myelosuppression and immunosuppressive.

Materials and methods

Ethics statement. The experimental procedures were approved 
by the Animal Ethics Committee of Beijing Normal University 
and were performed in strict accordance with institutional 
guidelines. All efforts were made to minimize the number of 
animals used and their suffering.

Materials. Recombinant human CnB protein was produced in 
our laboratory (the amino acid sequences of the human, mouse 
and rat CnB proteins are identical). Endotoxin was removed 
using Cellufine™ ETclean S endotoxin‑removing beads 
(Chisso Corporation, Japan). The purity of CnB was greater 
than 98%, and LPS contamination was below 4 EU/mg (27). 
Anti‑Ki‑67 (a proliferation marker) and 5‑FU were purchased 
from Canspec Scientific Instruments Corporation (Shanghai, 
China). All other reagents were of standard laboratory grade.

Animals and tumor transplantation. Specific pathogen‑free 
female CD‑1 (ICR) mice weighting 18‑20 g were purchased 
from the Vital River Laboratories (Beijing, China) (28). All 
animals were housed in microisolator cages with autoclaved 

food and bedding to minimize exposure to viral and micro-
bial pathogens, and all procedures were handled according 
to protocols approved by the Institutional Animal Care and 
Use Committee (23). Hepatoma 22 cells were obtained from 
H22 ascite‑bearing mice, diluted with 0.9% normal saline 
(NS) solution to 5x106/ml and then transplanted s.c. (at 
0.2 ml/mouse) via an injection syringe into the left armpits of 
the ICR mice with aseptic manipulations (29).

Drug preparation and treatment. CnB was suspended in 
endotoxin‑free water, and 5‑FU was diluted in 0.9% NaCl. For 
the combination therapy, CnB and 5‑FU were simultaneously 
dissolved in endotoxin‑free water. CD‑1 (ICR) mice were 
randomly divided into 4 groups (10 mice in each group), and 
the different groups were injected i.p. with different drugs. 
The CnB group and the combination therapy group were 
administered CnB (5 mg/kg) doses three times (1 time/day) 
prior to S.C. tumor implantation to activate their immune 
systems. The 5‑FU group was administered 15 mg/kg of 
5‑FU once every 2 days following S.C. tumor implantation. 
The day after the S.C. tumor implantation, interval dosing 
was initiated in the combination therapy group; only CnB 
(5 mg/kg) was administered the first day, and the combined 
drugs (5 mg/kgCnB+15 mg/kg5‑FU) were injected on the 
following day.

Antitumor effects. The antitumor effects of the drugs were 
determined by calculating the volumes of the solid tumors 
and the tumor inhibition rates. Approximately 6 days after 
S.C. tumor implantation, nearly all of the solid tumors had 
become larger, and the smallest tumor was the size of a rice 
grain. Subsequently, the tumor volumes were recorded every 
two days. The long and short axes of each solid tumor were 
measured with calipers, and the tumor volumes were calculate 
using the formula 1/2 x length x width2 (30). After the tumors 
were harvested (as described in the next paragraph), the tumor 
weights were measured using electric scales. The tumor inhibi-
tion rates were calculated according to the following formula: 
(mean tumor weight of the control group‑mean tumor weight 
of the drug treated group)/mean tumor weight of the control 
group x100% (21).

Routine blood examinations. Approximately 15 days after the 
S.C. tumor implantations, when the average tumor volume of 
the negative control (NaCl) group exceeded 1000 mm3, anes-
thetize the mouse by exposure to 2‑3% isoflurane, then blood 
from retro orbital plexus of each mouse was collected into 
an EDTA anticoagulation tube, and the numbers of platelets 
and white blood cells were measured using a blood testing 
instrument. Subsequently, the mice were sacrificed by cervical 
dislocation.

Splenic index. The spleens were harvested and weighed 
after the mice were sacrificed (as described in the preceding 
paragraph). The splenic index was calculated according to the 
following formula: organ weight (mg)/body weight(g).

Body weight. The mean body weights of each group were 
measured before and after the experiment. The ratio of body 
weight gain was calculated according to the following formula: 
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(mean weight after the experiment‑mean weight before the 
experiment)/mean weight before the experiment x100%.

Histological and immunohistochemical tissue staining. 
The tumors and organs (liver and kidneys) were harvested, 
fixed in 10% formalin, embedded in paraffin and sliced into 
4‑µm‑thick slices. The slices were stained with hematoxylin 
and eosin (H&E) according to routine methods. Once suffi-
ciently dyed, each slice was observed using a conventional 
light microscope. Immunostaining was also performed by 
deparaffinizing and by rehydrating the 4‑µm‑thick sections. 
Then, 3% or 5% H2O2 was used to block the activity of endog-
enous peroxidases, and the sections were blocked with 5% 
serum. All sections were incubated with an antimouse Ki‑67 
monoclonal antibody (1:200) at 37˚C for 90 min. After being 
washed 3 times with PBS (10 min/time), the sections were 
incubated with a secondary antibody at 37˚C for 22 min and 
then washed three times with PBS (10 min/time) and visual-
ized with 3,3'diaminobenzidine tetrahydrochloride (DAB) as a 
chromogen substrate. Finally, the tissue sections were lightly 
counterstained with hematoxylin, cleared and mounted.

Statistical analyses. The data are expressed as the means and 
standard deviations (SDs). All the data were analyzed using 
independent‑sample t tests. P<0.05 was considered statistically 
significant. The statistical analyses were performed using 
Graphpad Prism Software.

Results

Combined CnB and 5‑FU exerts an enhanced antitumor 
effect in hepatoma 22‑transplanted mice. First, we sought to 
determine the antitumor activity of the combination therapy. 
Thus, we studied the effects of CnB in combination with 5‑FU 
on tumor growth in these mice. The results are shown in Fig. 1. 
Fig. 1A shows that the mean volume of the tumors in the 
combination therapy group was much smaller than that 
in the negative control (NaCl) group (***P<0.001, **P<0.01). 
The antitumor effect observed in the combination group was 
also greater than those observed in the single‑agent groups. In 
addition to observing the growth of the tumors by measuring 
their volume every two days, we also cut out the solid tumors 
and calculated the mean tumor weights for the different 
therapeutic groups. Fig. 1B shows that the tumor inhibiting 
effects were significantly enhanced when CnB and 5‑FU were 
combined (*P<0.05 compared to 5‑FU and **P<0.01 compared 
to CnB). The tumor inhibition rate of the combination 
therapeutic group was 83.60%, which was approximately 30% 
greater than that of the CnB group (54.60%) and also higher 
than that of the 5‑FU group (76.20%). The tumor volume and 
tumor weight data strongly illustrate the enhanced antitumor 
effect of the CnB and 5‑FU combination therapy.

Pathological examination of the tumor tissues reveals that 
the combination therapy leads to increased tumor cell death. 
To investigate the morphologies the H22 cells treated with 
the different drugs, pathological examinations of the tumor 
tissues were performed. The results are shown in Fig. 2. The 
arrangement of the H22 cells in the negative control  (NaCl) 
group (Fig. 2A) was tight, and a well‑developed proliferative 

ability was present. The staining was bright, deep and consis-
tent, and no necrotic areas were observed in this group. The 
most obvious observations in the CnB group (Fig. 2B) were 
the looseness of the tumor and the smaller sizes of the cells 
compared to those of the negative control (NaCl) group. 
Apparently necrotic areas were observed in the 5‑FU treatment 
group (Fig. 2C), and necrotic cellular debris were scattered 
around. The necrotic area in the combination group (Fig. 2D) 
was much larger than that in the single‑treatment 5‑FU group, 
and necrotic cellular debris was also obvious in this group. 
These results prove that the treatments with CnB, 5‑FU and 
the combination therapy led to the death of H22 tumor cells 
and that the death rate in the combination group was greater 
than those of the single‑treated CnB and 5‑FU groups.

Immunohistochemical staining for Ki‑67 revealed that the 
combination therapy enhanced the inhibition of tumor cell 
proliferation. Ki‑67 is a nuclear protein that is only expressed 
during the active phases of the cell cycle and is a known 
proliferative and prognostic marker in both the laboratory and 
the clinic (31). Reduction in the expression of Ki‑67 represent 
the anti‑proliferation activities of different drugs  (32,33). 
As seen in Fig. 3, the number of Ki‑67‑positive cells in the 
negative control (NaCl) group (Fig. 3A) was much higher than 
the numbers observed in the single‑treated CnB and 5‑FU 
groups (Fig. 3B, C); in the combination group, most of the cells 
did not express Ki‑67 (Fig. 3D). These results indicate that the 
combination CnB and 5‑FU therapy significantly inhibited the 
proliferation of H22 tumor cells and was more effective than 
either of the single treatments with CnB or 5‑FU.

CnB ameliorated the body weight loss induced by 5‑Fu. 
The body weights of each therapeutic group were recorded 
before and after the experiments. Compared to the negative 
control (NaCl) group, 5‑FU resulted in significant inhibition 
of the increase in body weight (weight gain was reduced by 
approximately 50% compared to the NaCl group) (Table I). 
In contrast, CnB treatment alone group exhibited a significant 
increase in body weight (35.6% greater than that of the NaCl 
group). When the H22‑transplanted mice were treated with 
CnB and 5‑FU together, the mean body weights exhibited 
significant growth compared to those observed in the 5‑FU 
group (69.2%), which indicates that CnB greatly improved the 
5‑FU side effect of weight loss.

CnB reduced the toxicity of 5‑Fu as indicated by organ 
weight. The spleen is the largest peripheral immune organ, is 
the site of residence of mature T and B lymphocyte cells and 
is the most important site of immune responses. The splenic 
index directly reflects immune function. As shown in Table I, 
the immunosuppressor 5‑FU significantly reduced the splenic 
index. In contrast, the splenic indices of the CnB‑alone and 
negative control (NaCl) groups were maintained at the same 
level. Furthermore, following the addition of CnB, the splenic 
index of the combination therapeutic group was significantly 
increased (*P<0.05). This result strongly indicates that CnB 
improved the immunosuppressive effect induced by 5‑Fu.

CnB ameliorated the abnormalities in the hematological 
parameters. Clinically, some of the most apparent side effects 
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Table I. CnB ameliorated the adverse effects of 5‑FUa.

Groups	 Ratio of body weight gain (%)	 Spleen index (mg/g)	 Platelet (x109/l)	 WBC (x109/l)

Nacl	 13.29	 10.64±2.18	 976.56±203.71	 12.16±6.09
CnB	 18.02	 10.52±2.34	 1001.27±269.14c*	 11.50±2.88e**

5‑FU	 6.48	 9.01±1.88 b*	 815.50±168.72d*	 6.56±1.59f**

CnB+5‑FU	 10.97	 11.09±1.71	 1005.82±229.38	 11.17±3.08

aThe results are presented are the means ± the standard deviations, n=10. b*P<0.05 5‑FU vs. 5‑FU+CnB; c*P<0.05 CnB vs. 5‑FU; d*P<0.05 5‑FU 
vs. 5‑FU+CnB; e**P<0.01 CnB vs. 5‑FU; f**P<0.01 5‑FU vs. 5‑FU+CnB.

Figure 1. Reduction of tumor growth by different drugs. (A) Combination therapy significantly reduced the growth of H22 transplanted tumor cells compared 
to the control group (n=10, **P<0.01, and ***P<0.001 compared to the negative control (NaCl) group) and was more effective than CnB or 5‑FU alone. (B) After 
the ICR mice were sacrificed, the solid hepatoma 22 tumors were cut out and measured. The mean tumor weight of the negative control (NaCl) group was 
1.70 g. In the single drug‑treated groups, the mean tumor weights were 0.77 g (CnB) and 0.40 g (5‑FU). In the combination therapy group, the mean tumor 
weight was 0.27 g (n=10, ***P<0.001 compared to the negative control group, **P<0.01 compared to CnB alone, *P<0.05 compared to 5‑FU alone).

Figure 2. Photomicrographs of H22 tumor samples with H&E staining. (A) Negative control (NaCl) group, (B) CnB group, (C) 5‑FU group, (D) 5‑FU+CnB 
group. H&E staining, Original magnifications x100.
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of chemotherapeutic treatment are declines in hematological 
parameters. These declines might have a negative effect on 
patient immunity and can even lead to many complications. 

As seen in Table  I, the hematological parameters of the 
5‑FU‑treated group sharply dropped. The platelet numbers 
exhibited a 20% decrease compared to those observed in 

Figure 3. Effects of the different drugs on the Ki‑67 activity in the H22 transplanted tumors. (A‑D) The expression of Ki‑67 in the H22 transplanted tumors 
of the NaCl, CnB, 5‑FU and combination groups, respectively. Brown indicates the Ki‑67‑positive nuclei, and blue indicates the Ki‑67‑negative nuclei. 
Magnification x100.

Figure 4. Histopathological effects of the different drugs in the mouse liver. (A) Histology of a normal control mouse liver. (B) Histology of a negative control 
(NaCl) mouse liver. (C‑E) Histopathological changes observed in the mice treated with CnB, 5‑FU, and CnB+5‑FU, respectively. Magnification x200.
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the negative control (NaCl) group. Furthermore, the WBC 
numbers of the 5‑FU group were only half of those observed 
in the negative control (NaCl) group. However, CnB signifi-
cantly ameliorated the abnormalities of the platelet and WBC 
numbers that were induced by 5‑Fu (platelets: *P<0.05 CnB 
compared with 5‑FU, WBC: **P<0.01 CnB compared with 
5‑FU). Following the addition of CnB, the platelet and WBC 
numbers reached levels that were similar to those observe 
in the negative control (NaCl) group. Significant differences 
were observed between the 5‑FU group and the combina-
tion group (platelets: *P<0.05 5‑FU compared to the 5‑FU+ 
CnB group, WBC: **P<0.01 5‑FU compared to the 5‑FU+CnB 
group). These results indicated that CnB rescued the changes 
in the hematological parameters that were induced by 5‑Fu.

CnB ameliorated the hepatotoxicity caused by 5‑FU. Light 
microscopy observations revealed that the control hepatic 
tissues exhibited normal large polygonal cells with prominent 
round nuclei, eosinophilic cytoplasm, a few spaced hepatic 
sinusoids arranged between the hepatic cords, with a fine 
arrangement of Kupffer cells (Fig. 4A) (34). Fig. 4B, C and E 
illustrate some degree of degeneration of the hepatic cords, 
loose cytoplasm and focal inflammatory cell infiltration. The 
degrees of damage observe in the three groups were identical. 
However, pronounced histopathological abnormalities were 
observed in the 5‑FU group (Fig. 4D). These abnormalities 
involved the dissolution of the hepatic cords, which appeared 
as empty vacuoles aligned by strands of necrotic hepatocytes. 
The hepatotoxicity in this group was much greater than the 
hepatotoxicities observed in the other groups. Based on these 
results, we conclude that the hepatotoxicity induced by 5‑FU 
was obvious, no hepatotoxicity was observed in the CnB group, 
and CnB ameliorated the hepatotoxicity caused by 5‑FU.

Discussion

Clinically, combination therapy has become a general approach 
to cancer treatment (35). The goal of combination therapy is to 
augment the antitumor effects and to reduce the side effects 
and toxicities of drugs to the fullest extent  possible.

Five‑fluorouracil is widely used for a range of cancers. 
However, despite many efforts, systemic single‑agent treat-
ments have exhibited poor efficacy  (36‑39) and have only 
been able to achieve objective response rates of approximately 
10% (40). Additionally, some patients discontinue therapy due 
to serious adverse effects (10,35,41). Although 5‑FU in combi-
nation with other chemotherapeutic agents improves response 
rates and survival new therapeutic strategies are urgently 
required (5).

As an innovative genetic engineering antitumor protein, 
CnB exhibits efficacious antitumor activity and has low 
toxicity (21). Comparatively, CnB is easy to express and to 
purify (42), and the cost of CnB is lower than that of other 
protein drugs. Unlike some antitumor agents, that have to be 
extracted from Chinese herbs (43,44), CnB does not have any 
disadvantages for the environment.

Regarding the drawbacks of 5‑FU and the merits of CnB, 
we speculate that combination therapy will result in good 
effects. Our results revealed that combination treatment 
of CnB and 5‑Fu produced a significant augmentation of 

the antitumor effect in H22‑transplanted ICR mice. 
When the mice were treated simultaneously with CnB and 
5‑FU, the tumor volumes were clearly reduced compared to 
those of the single‑treated CnB and 5‑FU groups. Moreover, 
the tumor inhibition rate of the combination group exceeded 
80%, whereas these rates in the CnB and 5‑FU single‑agent 
groups were approximately 70  and 50%, respectively. 
Significant differences were observed between the combina-
tion group and single‑agent groups (P<0.01). The pathological 
examinations of the tumor tissues from the negative control 
(NaCl) group revealed that the H22 cells grew vigorously in a 
compact arrangement, whereas different amounts of necrotic 
cellular debris were observed in the single‑treated CnB and 
5‑FU groups. Furthermore, the necrotic areas in the combi-
nation group were much larger. Additionally, Ki‑67 nuclear 
protein immunohistochemical staining further demonstrated 
a decline in the numbers of positive proliferation cells after 
animals were treated with combined CnB and 5‑FU compared 
with the single‑agent groups. These findings indicate that CnB 
effectively increased the ability of 5‑FU to inhibit cell prolif-
eration in tumors.

Adverse drug reactions are a major clinical problem, and 
a meta‑analysis involving 1219 patients with colorectal cancer 
revealed that grade 3 to 4 toxicity is encountered in 31‑34% 
of the patients who receive 5‑FU and that 0.5% of these 
patients experience lethal toxicity (45,46). Recent data suggest 
that combination therapy not only significantly improves the 
quality of life of cancer patients (39) but might also improve 
their responses potentially their survival  (47). Indeed, the 
clinical experience accumulated over the last 30 years of 
cancer management suggests that combinations of different 
agents offer the best possible therapeutic efficacies (10,48). 
In our experiment, the reduced side effects of combina-
tion therapy were evaluated by analyzing the body weights, 
immune organs indices, peripheral blood platelet and WBC 
cell numbers, and the pathologies of the livers of the mice. Our 
results revealed that 5‑FU evidently reduced body weight gain, 
immune organ growth and the numbers of platelets and WBC 
cells. However, CnB ameliorated all of these adverse effects. 
Significant improvements were observed in the animals that 
were treated with both CnB and 5‑FU (P<0.01). Moreover, 
H&E staining of the mouse livers revealed that CnB also 
improved the microstructural damage induced by 5‑FU. We 
also performed pathological examinations of the kidneys; 
however, no significant differences were observed between the 
groups. We suggest that this lack of difference arose because 
liver is more sensitive to 5‑FU than kidney and the toxicity of 
5‑FU in the blood is reduced upon arrival at the kidney due to 
previous detoxification in the liver.

In conclusion, our current study revealed that the combi
nation of CnB and 5‑FU had a more potent inhibitory effect 
on H22 tumor growth. Furthermore, the side effects were 
not increased by the combination therapy; rather the CnB 
significantly attenuated the toxicity induced by 5‑FU. We 
speculate that the immune regulation function of CnB played 
an important role in this process that involved promoting 
the cytotoxic effects of immunocytes on tumor cells, 
aiding the repair of damaged tissues, and maintaining homeo-
stasis in the bodies of the mice. The high efficiency and low 
toxicity of CnB makes it a promising novel antitumor drug.
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