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Background: Colon cancer (CRC) was a malignant tumor and there were about 25% of 
patients with tumor metastasis at diagnosis stage. Chemotherapeutic agents for metastatic 
CRC patients were with great side effects and the clinical treatment results of advanced 
CRC were still not satisfactory. Human epidermal growth factor receptor 2 (HER2) is 
overexpressed in some CRC patients and is an effective target for CRC patient treatment. 
Anti-HER2 therapy had a beneficial role in the treatment of HER2-positive metastatic 
CRC with fewer side effects. CRC patients with BRAF mutations were resistant to HER2 
antibodies treatment. Therefore, there was an urgent need to develop new therapeutic 
agents.
Methods: HER2 targeted nanoparticles (TPLNP) drug delivery system loading tripto-
lide (TPL) were prepared and identified. The effects of TPLNP and free TPL on cell 
viability, targeting and cell cycle progression on HT29 (BRAF mutation) with HER2 
overexpression, were evaluated by Cell Counting Kit-8 (CCK8), Fluorescence 
Activating Cell Sorter (FACS) and immunofluorescence methods, respectively. The 
anti-tumor efficacies of TPLNP were evaluated in subcutaneous xenograft model of 
colon cancer and the survival rate, tumor volume, liver and kidney indexes of tumor- 
bearing mice were measured.
Results: TPLNP was small in nanosize (73.4±5.2nm) with narrow size distribution 
(PDI=0.15±0.02) and favorable zeta potential (pH=9.6, zeta potential: −57.3±6.69mV; 
pH=7.0, zeta potential: −28.7±5.1mV; pH=5.6, zeta potential: −21.1±4.73mV). Comparing 
with free TPL treatment group, TPLNP developed stranger colon cancer-killing efficiency in 
a dose- and time-dependent manner detected with CCK8 method; achieved good in vitro 
colon cancer targeting detected with flow cytometry and immunofluorescence experiments; 
enhanced more HT29-HER2 apoptosis and induced more cell cycle arrested in G1-S phase 
detected with FACS in vitro. As for in vivo antitumor response, TPLNP remarkably inhibited 
the growth of colon cancer in the colon cancer xenograft model, significantly improved the 
survival rate and did not exhibit significant liver and kidney toxicity in contrast with free 
TPL in vivo.
Conclusion: TPLNP was effectively against colon cancer with HER2 overexpression and 
BRAF mutation in pre-clinical models. In summary, the TPLNP appeared to be a promising 
treatment option for CRC in clinical application based on improved efficacy and the favor-
able safety profile.
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Introduction
Colon cancer (CRC) is a malignant tumor derived from the 
epithelial cells of the colonic mucosa and is one of the 
common malignant tumors in gastrointestinal tract.1 CRC 
is with high incidence, and once CRC patients enter the 
advanced stage, the survival period of within five years 
will reduce as low as 14% and the life quality of CRC is 
relatively poor. About 25% of CRC patients suffer tumor 
metastasis at diagnosis stage and about 50–60% of CRC 
patients transferred into metastatic stage.2 Although some 
patients with advanced CRC can undergo radical surgery, 
most of the metastatic patients suffer from incurable 
diseases3 and the treatment for this population is focused 
on palliative systemic treatment. Although great progress 
has been achieved in the early diagnosis, treatment and 
management of CRC, the clinical treatment results of 
advanced CRC are still not satisfactory. Chemical antic-
ancer drugs such as Oxaliplatin and 5-FU have been 
recognized to decrease recurrence and prolong survival 
time,4 especially for advanced patients.5 But the develop-
ment of systemic toxicity and drug resistance caused by 
chemical drugs are the main obstacles to the successful 
treatment of CRC.6 Most commonly, irinotecan is used in 
combination with fluorouracil infusion (5-FU) and leucov-
orin (LV) as the first-line therapy for metastatic CRC. 
Irinotecan can be used as chemotherapy for CRC patients 
who cannot tolerate 5-FU.7 The efficacy of irinotecan is 
prevented by high drug cytotoxicity, serious impact on the 
bone marrow (such as neutropenia) and the gastrointestinal 
tract (such as diarrhea). Despite the highly effective che-
motherapeutics for the treatment of CRC, their low speci-
ficity usually produces a series of dose-limited side effects, 
such as nausea, hair loss or vomiting.6 Therefore, irinote-
can-based chemotherapy is generally reserved for well- 
being patients who can resist adverse effects. These 
adverse effects limited its usage in patients with under-
performance. Coupled with high treatment costs, such 
interventions may greatly reduce the quality of life of 
CRC patients.

As a member of the human epidermal growth factor 
receptor (EGFR) family, human epidermal growth factor 
receptor 2 (HER2) is overexpressed and related to the 
increased risk of recurrence and poor prognosis of meta-
static gastric cancer.8 Several studies have evaluated the 
relationship between the HER2 expression profile and the 
development of CRC patients.9 HER2 antibody was the 
first-line therapy for the resistance to epidermal growth 

factor receptor to rescue the patients.10,11 Until now, the 
reports and clinical data have evidenced that anti-HER2 
therapy has potential advantages in the treatment of 
HER2-positive metastatic CRC without BRAF or RAS 
mutation.12,13 Although combination therapy including 
anti-HER2 antibody (trastuzumab) and chemotherapy can 
improve the remission rate, the duration of response to 
trastuzumab lasts only 5–9 months.9,14,15 However, due to 
the existence of resistant mechanisms, patients become 
difficult to benefit from anti-EGFR therapy. The mechan-
isms of HER2 therapy resistance mainly lie in the muta-
tions in BRAF, KRAS, NRAS and PI3KCA.16,17 It was 
proved that the patients with BRAF mutations, especially 
V600E mutations did not react with anti-HER2 
treatment.8,18,19 Therefore, the development of novel anti- 
HER2 therapeutic agents for CRC treatment is an urgent 
need.

Triptolide (TPL) as an inhibitor of topoisomerase I has 
been used in the treatment of CRC. It has been proved that 
TPL demonstrated good suppression effects on multiple 
tumor cell lines with high potency (under nM level) 
in vitro and could suppress the tumor growth in vivo.20–22 

Before reaching the clinical potential, many obstacles must 
be conquered, such as low solubility, narrow treatment 
window and systematic toxicity.23 In special cases, long- 
term use of TPL can cause serious adverse reactions,22 

such as hepatic injury with increased serum alanine ami-
notransferase (ALT), aspartate aminotransferase (AST), 
and kidney damage with ascendant serum creatinine 
(CRE) and urea nitrogen (URE) and the incensement in 
oxide dismutase (SOD).

The development of nanoparticle-based cancer treat-
ment strategies has made substantial progress in pharma-
cology, reducing the side effects of cytotoxic drugs, 
improving their efficacy, solubility, pharmacokinetics and 
bio-distributions.24 During the past five decades, series 
nanoparticles of different shapes, sizes and chemical prop-
erties have shown high efficiency in encapsulating differ-
ent types of anti-cancer drugs.25,26 These first-generation 
anti-cancer nanoparticles used the enhanced penetration 
and retention (EPR) effects provided by tumor blood 
vessels and lymphatic drainage to passively reach tumor 
tissues.27 This allows nanoparticles to spread and accumu-
late in cancer cells and improve the therapeutic 
effects.13,28 Nano-drug delivery system has emerged and 
been a very valuable treatment strategy for the treatment 
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of CRC cancer. The targeted drug delivery systems take 
advantage of protein biomarkers specifically overex-
pressed on the tumor surface and pack considerable 
amounts of anti-tumor drugs to achieve targeting release 
of anti-tumor drugs and reduced systemic side effects.29–33 

In this study, we prepared a HER2-targeted nano-drug 
delivery system for the treatment of colon cancer with 
HER2 positive and BRAF mutation and we test the anti-
tumor effects of the drug delivery system in vitro and 
in vivo.

Materials
Triptolide (TPL) was bought from Shanghai Tongtian 
Biotech company (Shanghai, China). Polyglutamic acid 
(PGA, mean molecular weight, 20,000 Daltons) was from 
Nanjing Zijigang biotech company (Nanjing, China). Anti- 
HER2 antibody was from Bioxcell (New Hampshire, USA). 
Fluorescein isothiocyanate (FITC) labeled kit was from 
Invitrogen (Carlsbad, CA). 4ʹ6-Diamidino-2-phenylindole 
(DAPI), Methanol, Dimethyl sulfoxide (DMSO), 1-Ethyl- 
3-(3-dimethylaminopropyl) carbodiimide hydrochloride 
(EDCI) and L-phenylalanine ethyl ester (Phe) were pur-
chased from Aladdin Company (Shanghai, China). HER2 
overexpressed Lentivirus was from Hanheng Company 
(Shanghai, China). Cell Counting Kit-8 (CCK8) was from 
Dojindo (Tokyo, Japan). Streptomycin and penicillin (P/S), 
cell culture medium (DMEM) and fetal calf serum (FBS) 
were purchased from Hyclone (Logan, UT, USA). 
Apoptosis detection kit (AnnexinV-APC and propidium 
iodide) was purchased from BD (Franklin Lake, NJ, USA).

Cells and Animals
HT29 cell line was purchased from the Chinese Academy 
of Sciences (Shanghai, China). Cells were cultured in 
DMEM (Gibco, USA) with 10% (v/v) fetal bovine serum 
(Gibco, USA) and 1% P/S in 37°C with 5% CO2. BALB/c 
nude mice were obtained from Shanghai Laboratory 
Animal Company (Shanghai, China).

Methods
HER2 Overexpression Cell Line 
Preparation
HT29 cells were BRAF mutation cell line with HER2 
relative low expression and HT29 cells infected with 
HER2 overexpressed Lentivirus. HER2 positive cells 
were selected with puromycin (5μg/mL) for 3 weeks. 
HT29 and HT29-HER2 were incubated with anti-HER2 

antibody and detected with FACS and analysis with BD 
Flowjo X (Franklin Lake, NJ, USA).

Synthesis of HER2 Targeted 
Nanomedicine
HER2 antibody was labeled with FITC using 
a commercial kit (Invitrogen, Carlsbad, CA) in line with 
the manufacturer’s protocol. PGA-L-Phe nanoparticles 
were prepared in line with the reported method.34,35 The 
procedures were conducted as the following: HER2 anti-
body (1mg) and polyglutamic acid (77mg) and L–Phe 
(20mg) in the mixture water consisting of EDCI (50mg) 
was agitated overnight on a magnetic stirrer at 4°C for 8h. 
And the products were obtained by centrifugation 
(12000rpm, 5min) and freeze-drying. The products 
(25mg) were dissolved in DMSO and mixed with TPL 
(10mg) or not to form mixture solution. And then, the 
solution was added into 10mL of the aqueous solution 
dropwise in a 100mL flask with stirring at 300rpm. 
Organic solvents were removed by centrifugation 
(12000rpm, 10min) to collect the produced empty nano-
particle (ENP) or TPL loaded nanoparticle (TPLNP). And 
then, the final products were washed with distilled water 
for three times to remove the surfactant.

Character of HER2 Targeted 
Nano-Medicine
The mean particle size, size distribution and polydispersity 
index (PDI) of the nanoparticles were detected with 
Malvern laser particle size analyzer (Malvern, UK) at 
25°C. The samples measured by dynamic light scattering 
(DLS) were prepared by diluting the nanoparticle suspen-
sion with appropriately distilled deionized water and fil-
tered with a syringe filter.

TPL Loading Efficiency Detection
High-performance liquid chromatography (HPLC, Agilent 
1100) was used to check the amount of TPL incorporated 
into the nanoparticles with a reversed-phase Lichrospher 
ODS C18 column. 10 mg of TPL-loaded nanoparticles 
were dissolved into 1 mL of DMSO to release TPL and 
the solution was dried with a rotary evaporator. And then, 
TPL was extracted with methanol. To detect the TPL 
concentration, the solution obtained after filtration and 
was put into a vial for HPLC detection. The mobile 
phase consisting a mixture of methanol-water (52/48, v/ 
v) maintained with a flow rate of 1.0 mL/min. A variable 

International Journal of Nanomedicine 2021:16                                                                          submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
2325

Dovepress                                                                                                                                                         Yalikong et al

http://www.dovepress.com
http://www.dovepress.com


wavelength detector was used to detect the column effluent 
at 218nm, and the column temperature was kept at 30°C. 
The drug entrapment rate (ER) is calculated by the follow-
ing formula: the ER = M1/M2. M1 means the measured 
TPL quality detected with HPLC, M2 indicated the total 
TPL quality performed for the entrapment detection. 
The TPL entrapment efficiency (EE) was counted by the 
following formula: the EE =C1/C2. C1 represented the 
measured TPL content packaged in TPLNP, C2 repre-
sented the total quality of TPLNP.

Cell Viability Assay
The effect of TPLNP on cell viability was assessed by CCK8. 
HT29 overexpressed HER2 were seeded in a 96 well plate 
overnight, and then the supernatant was removed and treated 
with TPLNP (containing 100, 50, 25, 12.5, 6.25nM TPL) or 
TPL (100, 50, 25, 12.5, 6.25nM TPL) for 48h. CCK8 reagent 
(10μL) was appended into each well and incubated for 
another 2 h at 37 °C. The optical density (OD) at 570 nm 
of each well was measured by BioTek PEOCH2 system 
(Vermont, USA).

Cell Cycle Analysis
To explore the affluence of TPLNP and TPL on HT29- 
HER2 cell cycle, HT29-HER2 overexpressed cells treated 
with PBS, ENP, TPLNP (containing 200nM TPL) or TPL 
(200nM) for 5h and collected with centrifugation (800g, 
5min), and then culture for another 48h. Later, cells were 
obtained with centrifugal collection and fixed with 70% 
ice-cold ethanol for 4h, and stained with propidium iodide 
(50μM) for 30 min at room temperature, then examined 
with a BD Fortessa flow cytometer (Franklin Lake, NJ). 
DNA histograms were produced with BD Flowjo 
X (Franklin Lake, NJ, USA).

In vitro Targeting Test
In vitro targeting test was detected by flow cytometry and 
immunofluorescence methods. HT29-HER2 overexpressed 
cells were added to a 24-well plate and mixed with PBS, 
TPL (200mM), ENP (equal to TPLNP) or TPLNP (con-
taining 200nM TPL), and incubated at 37°C for 30min. 
The cells were collected at 600g centrifugal force, washed 
twice, and then re-suspended in 400µL FACS buffer and 
analyzed on the Fortessa FACS flow cytometer (BD, NJ). 
TPLNP target ability on HT29-HER2 cells was detected 
with immunofluorescence method. HT29 cells were fused 
to 80% to 90% in 24 wells plates with PBS, TPL (200nM), 
ENP (equal to TPLNP) or TPLNP (containing 200nM 

TPL) and incubated in 37°C for 1h, and fixed with 4% 
paraformaldehyde. The nucleus is stained with DAPI solu-
tion. The laser power and photomultiplier gain were kept 
constant and images of stained cells were acquired.

The Apoptosis Detection
HT29-HER2 cells (1×106) were seeded in a 6-well plate 
and treated with 200nM free TPL or TPLNP (containing 
200nM TPL) for 4h, and then washed with PBS to remove 
free TPL or TPLNP and incubated for another 24h. Then, 
double staining was performed using Annexin V-APC/PI 
kit (Franklin Lake, NJ, USA) to quantify the rate of 
apoptosis. PI (1μL) and Annexin V-APC (1μL) were 
added into cell mixtures at 4°C for 30 minutes. Then, 
cells were mixed with 400μL flow cytometer buffer. The 
apoptosis rates of diverse groups were checked with BD 
Fortessa FACS and analyzed by BD FlowJo X software 
(Franklin Lake, NJ, USA).

In vivo Antitumor Effects
The in vivo antitumor effects of TPLNP were performed in 
HT29-HER2 bearing adult female BALB/c nude mice 
(n=6/group), all the mice were raised in a specific patho-
gen-free (SPF) environment and all the animal experi-
ments were approved and conducted in accordance with 
the Animal Experiment Ethics Committee of Zhongshan 
Hospital, Fudan University. Mice were supplied with 
clean, comfortable living conditions, adequate feed and 
clean drinking water. Anesthesia was performed before 
subcutaneous tumor or intravenous injection. As the 
experiment was over, the experimental animals were sacri-
ficed and euthanasia must be implemented according to 
humanitarian principles. HT29-HER2 cells (1×106/mice) 
were harvested and subcutaneous injection was performed 
in nude mice on upper back. As the tumor volume 
approached to near 100mm3, the tumor-bearing mice 
were randomly assigned into 4 groups according to body 
weights. PBS, TPL (0.9 mg/kg), TPLNP (containing 
0.9 mg/kg TP), and ENP were injected into each group 
through tail venous injection three times per week for 4 
weeks, respectively. The tumor volume changes of the 
tumor-bearing mice were recorded and all the mice were 
euthanized as the experiment was over and the antitumor 
efficiency of the TPLNP was measured by weighing the 
final tumor. The tumor volumes were counted with the 
following formula: E= a× b2/2 (a = length of tumor, b = 
width of tumor).
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In vivo Hepatorenal Toxicity Evaluation
At the end of the experiment, blood samples were taken 
from the orbital cavity and collected in serum collection 
tubes and blood serum samples of each mouse were 
acquired by centrifugal collection (800g, 10min). Serum 
urea nitrogen (BUN) and creatinine (CRE) levels and the 
activities of alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) of the mice were detected with 
corresponding diagnostic kits (Nanjing Jiancheng, China) 
in line with the manufacturer’s instruction.

Statistical Analysis
For the data between the two groups is determined by the 
Student’s t-test. A two-way analysis of variance (ANOVA) 
determined the statistical significance of more than 3 
groups, a P <0.05 is considered with statistics difference.

Results
HER2 Overexpression Cell Line 
Detection
The HER2 expression level on HT29 and HT29-HER2 
cells was detected with FACS method. As shown in 
Figure 1A, HT29 was a HER2 relatively low expression 
cell line. HT29 transformed into HER2 positive cell line, 

after the infection of HER2 lent-virus. HT29-HER2 cell 
line was used for the later experiments.

The Character of TPLNP
Detected with DLS, the mean particle size of TPLNP was 
73.4±5.2nm (Figure 1B); The PDI is 0.15±0.2, and the 
zeta potential of TPLNP altered with the changes of pH 
values (pH=9.6, zeta potential: −57.3±6.69mV; pH=7.0, 
zeta potential: −28.7±5.1mV; pH=5.6, zeta potential: 
−21.1±4.73mV). The nanoparticles below 100nm are ben-
eficial for the entry of tumor tissue due to the EPR effects. 
In the water phase, the zeta potential boundary of stable 
particles is generally considered to be higher than +30 mV 
or lower than −30 mV. The zeta potential of TPLNP was 
suitable to form a stable dispersion state and avoided the 
risk of drug precipitation. TPL entrapment rate (ER) and 
entrapment efficiency (EE) in TPLNP measured by HPLC 
were 36.8% and 11.4%, respectively. As shown in 
Supplementary Figure 1, under the neutral conditions. 
TPLNP showed a good sustained-release manner both in 
PBS and normal saline. The median maximum release 
time (t1/2) of TPLNP was about 24h in PBS and 30h in 
saline. In vitro sustained release experiment indicated that 
TPLNP had a good sustained release manner. The sus-
tained-release dosage form can reduce the frequency of 

Figure 1 (A) HER2 expression levels of HT29 and HT29-HER2 cells detected with FACS method, (B) The nano-size of TPLNP detected with DLS method.
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drug administration, maintain good blood concentration, 
and improve the compliance of patients.

TPLNP Enhanced Cytotoxicity on HER2 
Positive and Arrested the Cell Cycle
CCK8 was an effective reagent for cell proliferation detec-
tion. Data showed that TPL decreased the viability of 
HT29-HER2 colon cancer cells with a dose relationship- 
dependent manner (Figure 2A and B). After a short period 
of incubation, the nano-drug delivery system could adhere 
to the surface of the cells with high expression of HER2, 
and enter into the cells through receptor-mediated endocy-
tosis. TPL could be released in the cells and achieve an 
effective tumor cell killing effect. Only two doses (50nM 
and 100nM) showed statistical difference in the first 24h, 
and the statistical difference varied from 10nM to100nM 
on 48h. Comparing with the free TPL treatment group, the 
half inhibitory concentration (IC50) of TPL group 
(Table 1) was 386.24±59.3nm (24h) and 168.3±23.4 nm 
(48h) which was much higher than TPLNP treatment 
group. We evaluated the cell cycle arrest effects of 
TPLNPs on colon cancer. We used propidium iodide (PI) 
staining to analyze cell cycle and to identify the cycle 
arrest effects of TPLNP on HT29-HER2. After the 

treatment of PBS or ENP, cells were with more G2 phase 
Figure 3A (G1=57.14, S=24.26, G2=17.09%) and Figure 
3B (G1=55.78%, S=25.83, G2=16.29%). Went through the 
treatment of TPL (Figure 3C), cells were with less G2 
phase (G1=57.74%, S=37.72, G2=4.54%). Data showed 
that TPLNP treatment induced cell accumulation at G0/ 
G1 cycle (G1=84.73%, S=24.23, G2=0%) in Figure 3D. 
TPLNP also induced HT29-HER2 cancer apoptosis. PBS, 
ENP, free TPL and TPLNP cultured with HT29-HER2 
cancer in a short period to allow TPLNP to adhere to the 
cell surface. Apoptosis rate was identified by Annexin-V 
and PI staining. Double positive indicated late apoptosis; 
PI single staining represented necrotic cells; Annexin-V 
single staining meant early apoptotic cells and live cells 
were Annexin-V and PI double negative staining. The cell 
apoptotic rates counted the proportions of the upper right 
(Annexin-V and PI double positive) and lower right quad-
rants (Annexin-V positive). After the treatment of PBS 
(Figure 4A) and ENP (Figure 4B), the apoptosis rate was 
considerably low (10.2% in PBS treatment group, 11.2% 
in ENP treatment group). Comparing with PBS and ENP 
treatment group, free TPL treatment (Figure 4C) signifi-
cantly induced cell apoptosis (25.74%). TPLNP treatment 
showed the most lethal effect (52.9%) on HT29-HER2 
positive cell line (Figure 4D).

TPLNP Achieved HER2 Targeting 
Function
HER2 targeting was detected by FACS and immunofluor-
escence. FITC was labeled on the drug carrier system. 
PBS, ENP, TPLNP and free TPL were incubated with 
HT29-HER2 cells, separately. After the treatment of 
PBS (Figure 5A) or free TPL (Figure 5B), fluorescence 

Figure 2 The cytotoxicity of TPLNP on HT29-HER2 colon cancer cells detected with CCK8 method. HT29-HER2 cells incubated with TPLNP or TPL for 4h and washed 
with PBS to remove the free TPL and TPLNP and cultured for another 24h (A) and 48h (B), respectively. **P<0.01, ***P<0.001.

Table 1 The Half Inhibition Concentration (IC50) of TPL and 
TPLNP on HT29-HER2 Cells

Incubation Period(h) IC50 Value(nM)

Free TPL TPLNP

24h 386.24±59.3 128±79.5

48h 168.3±23.4 38.9±10.3
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intensity was relatively low detected with FACS (the 
positive rates of HER2 are 3.45% in PBS treatment 
group and 3.5% in TPL treatment group). After the treat-
ment of ENP (Figure 5C) and TPLNP (Figure 5D), the 
curves shifted to the right (the positive rates of HER2 are 
99.5% in ENP treatment group and 98.5% in TPLNP 
treatment group). Higher fluorescence intensity indicated 
that the TPLNP and ENP achieved HER2 targeting. 
HER2 targeting was further detected with immunofluor-
escence method; no FITC staining was detected in PBS 
(Figure 6A) or TPL (Figure 6B) treatment groups. 
However, under the staining of ENP (Figure 6C) and 
TPLNP (Figure 6D), cells were stained with FITC 
fluorescence.

TPLNP Improve Mice Survival Rate
The survival rate of mice is an important indicator of drug 
safety. After TPL treatment, half amount of mice died 
because of the systemic toxicity of the TPL and no mice 
died during the treatment in TPLNP group and one mouse 

died in PBS group (Figure 7A). Comparing with free TPL 
or PBS treatment group, the use of TPLNP significantly 
improved the animal survival rate.

TPLNP Suppressed Cancer Development
In order to evaluate the therapeutic effect of TPLNP on 
the colon cancer, we applied the mouse CRC model. 
Eight-week-old female nude mice were involved in each 
group. After tumor formation, TPLNP (containing 
0.9 mg/kg TP), TPL (0.9 mg/kg), empty drug carrier 
(ENP) or PBS were administered intraperitoneally three 
times per week. The mice were euthanized and the sizes 
of colon tumors were analyzed. The tumor volume kept 
increasing with time elapsed. After the treatment of TPL 
and TPLNP, the slower tumor growth rate was detected 
(Figure 7C). Larger tumor volumes were detected in the 
ENP or PBS groups. The data showed that TPLNP 
treatment significantly reduced the total tumor burden 
(Figure 7D).

Figure 3 The cell cycle was detected with FACS method after TPLNP treatment. HT29-HER2 cells incubated with PBS, ENP, TPL and TPLNP for 4h and then washed with 
PBS and cultured for another 24h. Cells of different groups were collected and incubated with PI to detect cell cycle. (A) PBS treatment group, (B) ENP treatment group, 
(C) TPL treatment group, (D) TPLNP treatment group.

International Journal of Nanomedicine 2021:16                                                                          submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
2329

Dovepress                                                                                                                                                         Yalikong et al

http://www.dovepress.com
http://www.dovepress.com


TPLNP Decreased Hepatorenal Toxicity 
Induced with TPL
TPL was with systematic toxicity and we determined its 
toxicity by detecting indicators such as liver, kidney toxicity. 
After administration of the nanoparticles, serums from 4 
groups were analyzed. It was observed that compared with 
the PBS group, free TP caused nephrotoxicity and liver 
toxicity with increased levels of ALT, AST, CRE and BUN. 
High levels of serum AST and ALT were indicators of liver 
injury, which were caused by hepatocyte necrosis. The ALT 
and AST levels of tumor-bearing mice treated with TPL 
increased significantly (Figure 7B), which was consistent 
with the liver and kidney toxicity of TPL. However, treat-
ment with TPLNP did not increase liver toxicity in tumor- 
bearing mice (Figure 7B). Similarly, the level of BUN, CRE 
in serum as an index of nephrotoxicity proved that TPLNP 
nanoparticle treatment could significantly induce renal toxi-
city comparing with free TPL treatment.

Discussion
Although considerable progress has been made on CRC, for 
patients with metastatic colon cancer, surgery; radiotherapy 
and chemotherapy are mostly palliative treatments and 
there is still no effective treatment. HER2 is a common 
metastatic colon cancer marker, and its high expression 
generally indicates the low patient’s survival rate with 
recognized carcinogenic effects.36 Although the HER2 
positive rate is relatively low among the CRC patients, the 
role of HER2 in malignant tumor development and progres-
sion is defined as the high dependence of tumor cell pro-
liferation and tumor metastasis. HER2 consists of 
extracellular domain, trans-membrane domain and intracel-
lular domain containing the tyrosine kinase (RTK) activity. 
HER2 was with active RTK activity and the overexpression 
of HER2 also makes HER2 molecules constitutively acti-
vate. Anti-HER2 antibodies inhibit HER2 phosphorylation 
to some extent and decrease the expression of HER2 on the 

Figure 4 The apoptosis rates of HT29-HER2 cells were detected with FACS method after TPLNP treatment. HT29-HER2 cells incubated with PBS, ENP, TPL and TPLNP 
for 4h and then washed with PBS and cultured for another 24h. Cells of different groups were collected and incubated with PI and Annexin-V to detect the apoptosis rates. 
(A) PBS treatment group, (B) ENP treatment group, (C) TPL treatment group, (D) TPLNP treatment group.
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cell surface. Nano-targeted drug system can carry abundant 
antitumor drugs to kill tumor cells which is different from 
the inhibitory effect of antibodies on HER2 overexpressed 
tumor cells. As a drug carrier contacts with the cell surface, 
a large number of tumors killing or inhibitory drugs will be 
transported into the tumor through receptor-mediated endo-
cytosis. TPLNP produced its antitumor activity like the 
HER2 targeted antibody conjugated drug (ADC) with 
a great affinity for HER2 and kill cells by exerting cytotoxic 
effect which could overcome resistance due to decreased 
HER2 expression.37

The usage of liposomes as a drug delivery system 
containing HER2 realized the targeting of HER2 overex-
pressed tumor cell and the inhibition of target cell 
proliferation.38 However, the instability of liposome for-
mulations is a problem that has to be considered, which 
affects the release kinetics of the drug from the nano- 

system.39 HER2 antibody fixed dendrimers realized effec-
tive delivery of drugs HER2 overexpressed tumor cells.40 

However, the time-consuming development process and 
nano-scale steric hindrance make it difficult to generate 
higher generation dendrimers.41 TPLNP drug delivery is 
a kind of micelle which owns superiorities over other drug 
delivery systems. TPLNP possesses excellent stability 
in vivo. TPLNP is composed of hydrophobic and hydro-
philic parts which formed nano-spheres by self-assembly 
and enclosed water-insoluble or hydrophobic drugs in the 
core. The hydrophobic core can dissolve water-insoluble 
molecules, while the hydrophilic shell can protect the 
internal regions of the drug molecules in the biological 
system from adverse environmental conditions such as the 
influence of pH value, the non-specific adsorption of drugs 
and the degradation of hydrolytic enzymes.42 Besides, the 
nano-size of micelle is easy to control; the hydrophilic 

Figure 5 FACS method was used to test cell targeting ability of TPLNP. HT29-HER2 cells incubated with PBS (A), TPL (B), ENP (C) and TPLNP (D) for 30min and washed 
with PBS. The fluorescence intensities of each group were detected with FACS method.
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shell was easy to modify with multiple functional groups 
and the self-assembly manner made the synthesis more 
convenient.

Anti-HER2 antibodies could bind to the extracellular 
domain of the HER2 to prevent the activation and sup-
press the activation of downstream signaling. Anti-HER2 
antibodies have improved clinical treatment effects for 
metastatic CRC patients.43 So far, the Food and Drug 
Administration has approved two anti-EGFR drugs 
cetuximab and panitumumab for the treatment of color-
ectal cancer, so EGFR can be used as an important and 
clinically relevant therapeutic target for colon cancer. 
However, the duration of response to anti-HER2 antibo-
dies lasts short. Patients with BRAF, KRAS, NRAS and 
PI3KCA mutations are resistant to anti-EGFR therapy. In 
the current study, colon cancer cell line HT29 cell was 

reported with BRAF mutation and was infected with 
HER2 overexpressed lentivirus to simulate clinical 
colon cancer status. Targeted nanoparticles can take 
advantage of differential expression molecules on the 
surface of tumor cells and effectively release cytotoxic 
drugs. In this research, we developed a HER2 targeted 
nanodrug delivery system. HER2 targeted TPL delivery 
system made full use of the HER2 overexpression on the 
surface CRC cells and were able to bind to it tightly. The 
in vitro experiment demonstrated that TPLNP could rea-
lize the HER2 target detected with FACS and immuno-
fluorescence methods. TPLNP could also realize 
targeting cytotoxicity detected with CCK8 method and 
apoptosis detected with FACS. What’s more, TPLNP 
could also realize the arresting of cell cycles on HT29– 
HER2. The use of nano-delivery system for targeted 

Figure 6 The cell-targeting ability of TPLNP detected with immunofluorescence method. HT29-HER2 cells cultured in 24-well plate and incubated with PBS (A), TPL (B), 
ENP (C) and TPLNP (D) for 30min; cells were washed with PBS and then the nuclei were stained with DAPI. Lastly, the images of the cells were recorded under 
fluorescence microscopy.
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killing not only reduced the side effects of drugs to the 
body, greatly improved the targeted killing effect on 
tumor tissues, which was a strong support for the effec-
tiveness of HER2 antibodies. The major function of 
HER2 antibody was to target HER2 positive tumor cells 
and the cytotoxic effect was mainly through TPL. 
TPLNP has the potential to treat colon cancer cells with 
HER2 positive expression that are either wild type or 
with RAS/BRAF mutation.

The poor water solubility of TPL and seriously side 
effects severely hindered its clinical effectiveness. The 
water solubility of TPL was significantly improved by 
nano-drug delivery system, with high drug loading effi-
ciencies. We demonstrated that TPLNP inhibited the pro-
liferation of colon cancer with HER2 overexpression and 
BRAF mutation in a nude mouse model in vivo. 
Intravenous injection of the TPLNP on a colon cancer 
model also demonstrated improved pharmacokinetics this 

was the enhanced antitumor efficacy, increased survival 
and the reduced toxicity in vivo compared to the free 
TPL. Our research strongly suggested that TPLNP is pro-
mising treatments for colon cancer with HER2 overexpres-
sion and BRAF mutation.

Ado-trastuzumab emtansine (T-DM1) was an anti-
body–drug conjugate (ADC) which linked trastuzumab to 
microtubule inhibitor DM1, with a thioether compound 
that realized active chemotherapy to HER2 positive 
tumor cells.44 Although T-DM1 could realize the treatment 
of colon cancer, the nano-drug delivery system could carry 
abundant drugs to achieve targeted drug delivery than 
ADC, especially TPL could kill tumor cells at the nM 
level which could demonstrate a stronger tumor suppres-
sion effect in the treatment of colon cancer.

As for the in vivo safety, AST and ALT levels were used 
as indicators of liver abnormalities, and BUN and CRE levels 
were used as indicators of kidney function. TPLNP 

Figure 7 The antitumor effects of TPLNP in vivo. (A) survival rate detection, (B) liver and kidney function detection, (C) tumor volume changes of the tumor-bearing mice, 
(D) the tumor images acquired from different groups. In vivo antitumor effects of TPLNP were performed in HT29-HER2 bearing adult female BALB/c nude mice (n=6/ 
group). HT29-HER2 cells (1×106/mice) were harvested and subcutaneous injection was performed in nude mice on the upper back. The tumor-bearing mice were randomly 
assigned into 4 groups according to their body weights. Tumor-bearing animals received treatments of PBS, free TPL (0.9 mg/kg), TPLNP (containing 0.9 mg/kg TP), or ENP, 
through tail venous injection every 2 days per week and the treatment last for 4 weeks. Mice were sacrificed after the last treatment. **P<0.01, ***P<0.001.
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significantly reduced the liver and kidney toxicity of TPL to 
mice. At the same time, the survival rate of the mice treated 
by the nano-drug delivery system was also significantly 
improved, and there was no death of the mice appeared. 
Here, we introduced the latest developments in targeted 
nanoparticles that oppose CRC and discussed the potential 
use of potential ligands and cellular target treatment strate-
gies for CRC. This study has important clinical application 
value for CRC patients with high expression of HER2 and 
BRAF mutation.

Except for colon cancer, the overexpression of HER2 
also appears in about 15–30% of breast cancers and 
10–30% of gastric cancers and other cancers such as 
lung cancer, ovarian cancer, bladder cancer, and head 
and neck cancer.37,45 What’s more, TPL inhibits the 
growth of cancer cells and exhibits preclinical anti-tumor 
activity in a variety of gastrointestinal cancers (such as 
gastric cancer, liver cancer and pancreatic cancer) and 
other tumors (such as lung cancer, breast cancer, ovarian 
cancer and prostate cancer).46,47 Thus, TPLNP is with the 
promising to broaden its preclinical and clinical antitumor 
application in different types of tumors.
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