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Abstract 

Purpose: Tropomyosin receptor kinases (Trk) gene family had been strongly correlated with tumor progression and 

found to be highly predictive of clinical behavior. The aim of the study is to evaluated the cytotoxicity and cell cycle 

effect of adriamycin (ADM), cisplatinum (DDP) and etoposide (VP16) on neuroblastoma(NB) cells, and then 

assessed effect of three anti-cancer agents on Trk gene family expression in NB in vitro conditions. 

Methods: SK-N-SH NB cells were exposed in vitro to ADM, DDP and VP16. Cell counting kit (CCK-8) assay was 

performed to determine the effect of anti-cancer agents on cell viability, and the cell cycle change was measured by 

flow cytometry. Quantitative reverse transcription polymerase chain reaction (RT-PCR) analysis was utilized to 

detect the expression levels of Trk gene family (TrkA, TrkB and TrkC) in a wide range of concentration of ADM, 

DDP and VP16 at different time. 

Results: Our data illustrated that ADM, DDP and VP16 had cytotoxic activity as a single agent in both a time- and 

dose-dependent manner in vitro. However, NB cells resistance to high concentrations of ADM. It was confirmed that 

NB cells showed in vitro sensitivity to ADM, DDP and Vp16, with concentration that observed with the half-

maximal inhibitory concentration (IC50) values on SK-N-SH cells being 5µg/ml, 8µg/ml and 100µg/ml, 

respectively. Flow cytometry analysis showed that these three drugs also leaded to enhanced accumulation of cell 
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populations in S phase. Additionally, our results showed that in NB cells, these three drugs treatment dramatically 

increased expression of TrkA, TrkB and TrkC in RT-PCR analysis. 

 

Conclusions: Collectively, our results may help to develop tailored treatment approaches and enhance the efficacy 

of cytotoxic agents treatment for high-risk NB with minimal or no additional toxicity by adjusting the concentration 

and action time of ADM, DDP and VP16 depending on different NB stages. 

 

Keywords: Neuroblastoma; Trk gene family; adriamycin; cisplatinum; etoposide 

 

1. Introduction 

Neuroblastoma(NB), as one of the most common and deadly extracranial solid neoplasm of childhood, accounts for 

nearly 8%~10% of all malignancies in pediatric patients [1]. Moreover, it is derived from pluri-potent neural crest 

precursor cells and behave in a significantly aggressive and unpredictable behavior associated with responsible for 

approximately 15% of all childhood cancer-linked mortalities [1]. Unfortunately, more than 50% of the treated high-

risk NB patients ultimately die of recurrence and multifocal metastatic disease despite of responding well to 

intensive multimodality therapy at early stage [2, 3]. Indeed, patients with refractory or recurrent NB have poor 

response to salvage treatment strategies and behave locally aggressive with long-term survival under 40% [4]. 

During the last few years, advances in the treatment including stem cell transplants, target therapy and biological 

immunotherapy have been effectively applied to relapsed or refractory NB, but overall survival rates for these 

patients has been improved only modestly [5, 6]. 

 

Adriamycin (ADM) plays its anti-tumor activity related to inhibiting of nucleic acid synthesis [7]; cisplatinum 

(DDP) function therapeutically primarily by preventing DNA replication in rapidly formation of inter and 

intrastrand cross-links between platinum and guanine; etoposide (VP16), which can act on DNA topoisomerase II, 

and then form drugs-enzyme-DNA stable reversible complexes, eventually lead to DNA damage [8]. At present, 

these three chemotherapeutic agents are emerging as a feasible first-line choice in the treatment of NB. More 

importantly, the effectiveness of first-line chemotherapy is often obviously limited by development of 

chemoresistance and toxic effects [9]. Accordingly, better increasing the integrated effectiveness of initial 

chemotherapy with minimal toxicity by boosting the effectiveness of several cytotoxic agents may achieve 

promising strategy against relapsed or refractory NB. 

 

In recent years, with rapid development of molecular medicine and genetics approaches, much more progress has 

been made in predicting the prognosis related to clinical behaviors of NB. Special emphasis has been placed on 

significant tumor-associated genes which are equally important as oncogenes in NB risk stratification and 

therapeutic approaches [10]. 
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NB was characterized by genomic and biologic heterogeneity, and the tropomyosin receptor kinases (Trk) family as 

well-established molecules contributed to this heterogeneous behavior and clinical diversity [11, 12]. Moreover, the 

Trk family has well-defined roles in neuronal development [4] and elicits diverse cellular responses such as inducing 

differentiation, providing trophic support, modulating neuronal function and promoting axon outgrowth or apoptosis 

in neuronal development [13]. To date, the effect of ADM, DDP and VP16 on Trk gene family in NB has yet to be 

investigated. 

 

The Trk gene family encompass the three highly homologous receptor isoforms, TrkA, TrkB and TrkC, which are 

activated upon preferential and high-affinity binding with the neurotrophin family of ligands, including nerve 

growth factor(NGF), brain-derived neurotrophic factor (BDNF), and neurotrophin-3 (NT-3) [4, 14]. At the cell 

membrane, NGF activates TrkA, BDNF interacts with TrkB, and NT-3 preferentially binds TrkC [14]. Accordingly, 

the TrkA ligands NGF indeed initiates differentiation and increases apoptosis in vitro of many human primary NB 

cells [13, 15, 16]. Differential expression of the Trk family of neurotrophin receptors is considered to be correlates 

with clinical behavior. TrkA overexpression is strongly predictive of favorable clinical and biological features and 

prone to spontaneous regression or differentiation, with an excellent outcome [17, 18]. In contrast, cumulative 

evidence indicates that high levels of TrkB is responsible for tumor progression such as invasion, metastasis, 

angiogenesis, and associated with frequently MYCN amplification with dismal prognosis [13, 19, 20]. Furthermore, 

TrkB overexpression through activation of the phosphatidyl-inositol-3-kinase (PI3K) /AKT survival pathway 

contributed to increasing chemoresistance in biologically aggressive, high-risk NB tumor cells and that by 

specifically targeting the critical downstream mediators of activated TrkB we could improve NB cell 

chemosensitivity [19, 21-23]. Moreover, TrkC which is expressed in a subset of the TrkA-expressing NB also serve 

as a good prognostic indicator in NB [13, 21]. Most NB expresses at least one member of the Trk family [21]. 

Favorable prognosis NB such as stage1, stage2 and stage4s usually express relatively high levels of TrkA, whereas 

unfavorable, MYCN-amplified NB such as stage3 and stage4s usually are associated with expression of TrkB [24]. 

This conclusion is borne out by our preliminary study [25]. 

 

In the present paper, we utilized a human NB cell line, SK-N-SH cell line treated by different concentrations and 

action time of ADM, DDP and VP16, to analyze the variance and significance of expression of TrkA, TrkB and 

TrkC. In the following study, we hope to investigate the chemotherapeutic regulation on the expression of TrkA, 

TrkB and TrkC, thereby achieving the rationale for modulating risk-based chemotherapy intensity and translating 

individual and moderate chemotherapeutic scheme into the clinic.  

 

2. Methods and Material  

2.1 Cell line  

Human SK-N-SH cell line was purchased from the Sun Yat-sen University. The cells were cultured in DMEM/F12 

(1:1 mixture) (Hyclone, USA) supplemented with 10% fetal bovine serum (FBS, Hyclone). Cells were grown in a 

humidified incubator of 5% CO2/95%. 
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2.2 Reagents 

ADM, VP16 and DDP were purchased from Sigma. TRIzol was purchased from Invitrogen, and M-MLV reverse 

transcriptase was purchased from Promega. PrimeScriptTM RT reagent Kit (Perfect Real Time), Taq DNA 

polymerase and ExTaq DNA polymerase were purchased from Sigma Chemical. High-speed refrigerated centrifuge 

(J-25 model) was from Promega, and normal PCR instrument (PTC-100TM model) is from Bio-rad. Fluorescence 

quantitative PCR (ABI 7900 models) is from Stepone, and Micro UV spectrophotometer (NanoDrop ND-2000C) is 

from Promega. Flow cytometry (FCM-2012) is from BD. 

 

2.3 Measurement of cell survival rate (CCK-8 assay) 

For experiments, SK-N-SH cells were plated into 96-well plates at a concentration of approximately 10
4
 cells per 

well in triplicate wells at 37 °C in a humidified incubator of 5% and allowed to adhere overnight. The next day, for 

determination of cell growth inhibition, cells were incubated with or without defined concentrations of ADM, DDP 

or VP16 in 37 ℃ CO2 incubator for 24 hours and 48 hours followed by the CCK-8 assay.  

 

After treatment, 10µl of CCK-8 reagents were added to each well and incubated at 37 ℃ for 1-4 hours. The 

absorbance of the solutions was read at 450 nm by a microplate reader (NanoDrop ND-2000C, promega, USA) 

according to standard protocols. Percentage of cell viability rate was calculated as the percentage of CCK-8 

absorption as follow: (absorbance of experimental wells/absorbance of control wells)×100%. All treatments were 

performed in triplicates and repeated three times. The concentration inhibiting 50% of cell proliferation (IC50) value 

was resulting from 50% inhibition of cell growth. 

 

2.4 Flow cytometry for cell cycle 

For experiments, cells were plated in 6-well plates at a density of approximately 3×10
5
 cells per milliliter for 24 

hours. According to the results of CCK-8, IC50 of ADM, VP16 and DDP were added to the experimental group. 

After this, untreated or drugs-treated cells were centrifuged, washed with PBS and fixed with ice-cold 75% ethanol 

overnight. Then, the fixed cells were incubated with 200 µl of binding-buffer, 10 µl of Annexin-V and 5 µl of 

propidium iodide incubated for 15 minutes in the dark. In the end, 200 µl of binding-buffer was added to the fixed 

cells. The cell cycle phase was carried out by flow cytometry in just one hour. 

 

2.5 Total RNA isolation  

Following chemotherapy treatment for a different time, total RNA was isolated from SK-N-SH cell lines using the 

TRIzol reagent (Bio. Basic, Shanghai, China) according to the manufacturer’s protocol. The RNA was precipitated 

with isopropanol, washed with 75% ethanol, and dissolved in diethylpyrocarbonate (DEPC)-treated water. The 

integrity and purity of total RNA were assessed by DNA gel (1% agarose gel) electrophoresis and UV detection. 

 

2.6 Quantitative reverse transcription polymerase chain reaction (RT-PCR) 
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The PCR primers were designed with Primerpremier 5.0 software. The primers for TrkA were as follows: TrkA-F 

5’-TCCAACACGGAGGCAATC-3’; TrkA-R 5’-CCAGGACATCCAGGTAGACAG-3’. The primers of TrkB were 

as follows: TrkB-F 5’-TCCGAGATTGGAGCCTAACAG-3’; TrkB-R 5’-CCACCAGGATCAGTTCAGACA-3’ 

The primers for TrkA were as follows: TrkC-F 5’-CAAGCCCACCCACTACAACA-3’; TrkC-R 5’-

GTGGGACTCACTTCGTCAAAC-3’. Following cDNA synthesis, PCR amplification was performed in order to 

examine the number of Trk transcripts. The assay was carried out using a Biometra T-gradient Thermoblock thermal 

cycler (Gottingen, Germany). Multiplex RT-PCR was conducted in a final volume of 50 μL with 2× PCR-mix 

containing 200 μM dNTPs, 5% dimethyl sulfoxide (DMSO), 0.02 U HotStart Taq DNA polymerase (Qiagen GmbH, 

Hilden, Germany), and 50 pmol of each primer pair. The initial PCR cycle included activation of the polymerase at 

95 °C for 5 min, which was followed by 40 cycles of PCR amplification (denaturation at 95 °C for 1 min, annealing 

at 55 °C for 1 min, and elongation at 72 °C for 1 min) and 1 cycle of elongation at 72 °C for 7 min prior to cooling 

at 4 °C. The products from the multiplex RT-PCR were confirmed by specific Trks using individual PCRs, which 

were performed separately using the specific primers for each Trk. The conditions for the individual PCRs were 

identical to those of the multiplex reactions. All experiments were performed in triplicate unless otherwise noted. 

 

2.7 Statistical analysis 

Computations were performed using the SPSS17 software. The collected data were analyzed by a one-way 

ANOVA (independent) and nonparametric-test. All statistical tests were 2-sided, and a P value of less than 

0.05(P<0.05) selected as a statistically significant difference. 

 

3. Results 

3.1 ADM, DDP and VP16 inhibited the proliferation of SK-N-SH cells 

In order to determine the effects of ADM, DDP and VP16 on SK-N-SH cells, we performed CCK-8 analysis the 

viability and the proliferation of SK-N-SH cells. We examined the survival of SK-N-SH cell line in response to 

increasing concentrations of ADM, VP16 and DDP during an incubation period of 24h and 48h, cell viability was 

measured, and IC50 values were calculated. At first, according to the literature review [26, 27]and the results of our 

previous study [28], we determined the treatment conditions (drug concentration and treatment duration). The 

growth inhibitory effects of ADM, VP16 and DDP was determined as described under Materials and Methods. The 

viability of the cells was measured at different drug action time. Each point represents the mean±SD of three 

independent experiments.  

 

Our results revealed that treatment of SK-N-SH cells with ADM results in a dose- and time-responsive cell death as 

measured by CCK-8, the effect is significant when ADM was <5 µg/ml at very low concentrations. However, the 

apoptosis rate of NB cells did not significantly increase, when the concentration of ADM was more than 5 µg/ml 

(Figure 1A). As shown in Figure 1A, there were only a little of apoptosis cells in the SK-N-SH cell line without the 

ADM treatment, but the viable cells were gradually decreased and reached 72.7±1.4% with a concentration of 5 

µg/ml ADM at 24 hours of exposure. Moreover, only 43.3±1.9% of cells were viable at 5 µg/ml ADM of exposure, 
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36.6±2.4% of cells were viable by 10 µg/ml ADM, and 40.5±1.8% were viable by 20 µg/ml ADM after 48 hours 

of exposure. 

 

 

Figure 1: Cytotoxic effect of ADM, VP16 and DDP in SK-N-SH cells. (A) The growth curves of ADM-treated SK-

N-SH cells after various time induction at given concentrations. The apoptosis rate of SK-N-SH cells significantly 

increased upon ADM treatment when the concentration was <5 µg/ml. (B and C) Cells were exposed to the 

indicated concentrations of DDP and VP16 for 24 hours and 48 hours which exhibit highly exhibited dose- and 

time-dependent inhibitory effects on SK-N-SH cells. All results are presented as the mean±SD performed from at 

least 3 independent experiments.  

 

A marked augmentation in apoptosis was observed with DDP and VP16 treatment which highly exhibited dose- and 

time-dependent inhibitory effects on SK-N-SH cells (Figure 1B and Figure 1C). As shown in Figure 1B, after 5 

µg/ml, 10 µg/ml, 20 µg/ml, 30 µg/ml, 40 µg/ml and 50 µg/ml DDP treating SK-N-SH cells for 24 hours, the cell 

survival rates were (100.3±6.1)%, (100.2±8.6)%, (69.4±8.2)%, (37.1±4.9)%, (27.5±2.6)% and (17.7±4)%; 

after different concentrations of DDP treating SK-N-SH cells for 48 hours, the cell survival rates were 

(67.8±5.8)%, (33.5±3.1)%, (16.8±0.9)%, (15.6±0.3)%, (15.3±0.7)% and (14.7±0.7)%, DDP cytotoxity to SK-
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N-SH cells in a concentration-dependent manner. The apoptosis rates significantly increased after the same 

concentration of DDP treating SK-N-SH cells for 48 hours relative to 24 hours, DDP cytotoxity to SK-N-SH cells in 

a time-dependent manner. After 100µg/ml, 250µg/ml, 500µg/ml, 750µg/ml, 1mg/ml and 2mg/ml, VP16(Figure 1C) 

treating SK-N-SH cells for 24 hours, the cell survival rates were (90.9±4.2)%, (69.6±3.5)%, (36.2±7.1)%, 

(20.9±1.9)%, (18.5±0.6)% and (15.2±0.6)%. After 100 µg/ml, 250 µg/ml, 500 µg/ml, 750 µg/ml, 1 mg/ml and 2 

mg/ml VP16 treating SK-N-SH cells for 48 hours, the cell survival rates were (60.8±4.6)%, (44.5±3.8)% , 

(25.2±2.8)%, (18.3±1.07)%, (16.3±0.6)% and (15.4±0.5)%, VP16 cytotoxity to SK-N-SH cells in a 

concentration-dependent manner. The apoptosis rates significantly increased after the same concentration of VP16 

treating SK-N-SH cells for 48 hours relative to 24 hours, VP16 cytotoxity to SK-N-SH cells in a time-dependent 

manner. 

 

Results show that cells have significantly different IC50 values to three drugs, the IC50 of these agents required to 

induce the apoptosis of SK-N-SH cells was 5 µg/ml of ADM, 8 µg/ml of DDP, and 100 µg/ml of VP16 at 48 hours 

treatment. Taken together, our results indicate that SK-N-SH cells were responsive to ADM, DDP and VP16-

induced apoptosis in a dose- and time-dependent manner, however, NB cells resistance to high concentrations of 

ADM. 

 

3.2 Effects of ADM, DDP and VP16 on cell cycle arrest of SK-N-SH cells 

Here, to further analyzed ADM, DDP or VP16 impact on cell cycle progression of SK-N-SH cells. Analysis of cell 

cycle phase distribution was carried out to study the anti-proliferative mechanism of chemotherapeutic agents on 

SK-N-SH cells. According to the literature and our result of IC50 of the three drugs on SK-N-SH cells, we chosen 

2.5 µg/ml ADM, 5 µg/ml DDP and 100 µg/ml VP16 were added to the experimental group.  

 

It can be seen that treatment of SK-N-SH cells with ADM (Figure 2A), DDP (Figure 2B) and VP16 (Figure 2C) 

caused cell cycle arrest at S phase, and this was accompanied by a dramatic decrease in the percentage of cells at the 

G0/G1 phase. Compared with control, ADM treatment resulted in a significant accumulation of cells in the S phase, 

the percentage of SK-N-SH cells in the S phase increased from 16.59±0.52% to 51.41±0.13%. At time 0, only 

13.51±0.39% of cells were in the S phase, and after 24 hours of DDP treatment, 25.24±0.37% of cells were in the S 

phase. Incubation of VP16 for 24 hours, the percentage of S phase increased to 50.25±2.06%.  
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Figure 2: Cell cycle arrest of the SK-N-SH cells by flow cytometry. One representative image of three is shown. 

After 24 hours exposure to ADM, DDP and VP16, estimation of cell cycle distribution was determined by flow 

cytometry. Accumulation of the cells at S phase was evident after exposure to ADM(A), DDP(B) and VP16(C). All 

data are expressed as mean±SD from three independent experiments. **P<0.05 a significant difference between the 

two groups. 

 

3.3 Effects of ADM, DDP and VP16 on the expression changes of Trk gene family in SK-N-SH cells 

To our knowledge, the Trk gene family in NB is highly linked with biological feature and prognosis and is 

responsible for multidrug resistance (MDR) formation. Given these observations, we confirmed whether ADM, 
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DDP and VP16 are able to modulate the expression of Trk induced by different concentration gradients of ADM, 

DDP and VP16 with variable duration in SK-N-SH cell line using RT-PCR. Each group sets three parallel holes. 

 

There was a statistically significant increase (at least 2-fold) in TrkA gene after treatment with ADM, DDP and 

VP16 in SK-N-SH cell line. To determine the extent of the observed striking increase in TrkA expression, we 

performed RT-PCR on TrkA expression using the column chart (Figure 3). RT-PCR demonstrated variable levels of 

TrkA, with the highest levels identified in SK-N-SH cells, which had approximately 100-fold higher expression 

levels than control group (Figure 3). RT-PCR analysis showed that ADM transiently stimulated TrkA expression, 

causing a highest (113-fold) increase of TrkA level after 48 hours of 2.5 µg/ml ADM, and there were no difference 

between 24 hours and 48 hours in the expression level of TrkA (Figure 3A). Figure 3B illustrated that 5 µg/ml, 10 

µg/ml and 15 µg/ml DDP treatment for 24 hours and 48 hours both can lead to the expression of TrkA increasing 

(Figure 3B), with the dosage of 10 µg/ml at 24 hours being the most obvious. As shown in Figure 3C, RT-PCR 

revealed that VP16 treatment resulted in a time- and dose-dependent up-regulation of TrkA (P<0.05). In summary, 

the data suggested that we should appropriately increase the concentration and prolonging the time of DDP and 

Vp16 to apparently improve drug efficacy in high-expression TrkA NB. When it comes to ADM, appropriately 

reducing the dose was feasible, but prolonged action time not recommended. 
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Figure 3: ADM, DDP and VP16 strongly up-regulated TrkA expression in SK-N-SH cell lines. (A) SK-N-SH cells 

were treated with 2.5 µg/ml and 5 µg/ml ADM for 24 hours and 48 hours and subjected to RT-PCR assays. ADM 

has increased TrkA expression relative to the controls. Cells expressing TrkA show no alterations between 24 hours 

and 48 hours in the expression level of TrkA. RT-PCR analysis showed that ADM causing a highest (113-fold) 

increase of TrkA level after 48 hours of 2.5 µg/ml ADM. (B and C) The histogram showed that DDP treatment for 

24 hours and 48 hours leads to increased expression of TrkA, with the dosage of 10 µg/ml at 24 hours most obvious. 

RT-PCR revealed that VP16 treatment resulted in a time- and dose-dependent up-regulation of TrkA. Bars represent 

the mean±SD of three independent experiments. **P<0.05, compared with 24 hours control. 
∆∆

P<0.05, compared 

with 48 hours control.
□□

P<0.05, compared with the two groups.  

 

A comparison of TrkB expression in SK-N-SH cells with or without ADM, DDP and VP16 was also performed. The 

TrkB level was obviously higher in SK-N-SH cells in the presence of ADM, DDP and VP16 compared to the 

control. At 2.5 µg/ml ADM for 24 hours and 48 hours, the expression of TrkB was noted to gradually increased, but 

there was no significant variation in TrkB levels after ADM exposure at 24 hours and 48 hours (Figure 4A). Taken 

together, our data revealed that after VP16 treatment, we observed a substantially increasing in the induced TrkB 

expression in dose- and time-independent manner (Figure 4B). Further, we found a significant increase in TrkB 
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expression after DDP treatment at 24 hours in dose-independent manner (Figure 4C). Also, a significant decrease in 

TrkB expression was noted in different concentration DDP at 48 hours. These results might improve the 

chemotherapy strategy that appropriately reducing the dose of DDP and VP16 and combining with other drugs 

should be taken into account in stage3 and stage4s of high expression of TrkB strongly associated with poor 

prognosis. 

 

 

  

Figure 4: TrkB expression is significantly increased by incubating the cells in the presence of ADM, DDP and 

VP16. Expression levels of TrkB were detected in SK-N-SH cell lines by RT-PCR. (A) RT-PCR analysis showed 

that there were no difference between 24 hours and 48 hours in the expression level of TrkA after 2.5 µg/ml and 5 

µg/ml ADM. (B) The histogram showed that TrkB expression was completely suppressed in different concentration 

DDP at 48 hours. (C) SK-N-SH cells were treated with various concentrations of VP16 for 24 hours and 48 hours. 

TrkB appeared overexpressed in SK-N-SH cells in comparison to controls. **P<0.05, compared with 24 hours 

control. 
∆∆

P<0.05, compared with 48 hours control.
□□

P<0.05, compared with the two groups. Data are expressed as 

the mean±SD of three independent experiments. 
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For TrkC, our results showed that DDP and Vp16 significantly increased the level of TrkC expression (Figure 5B 

and Figure 5C). RT-PCR further identified that the expression of TrkC in SK-N-SH cells was significantly up-

regulated when treating with different concentrations of ADM at 48 hours (Figure 5A). However, this difference 

was not statistically significant in different concentrations of ADM for 24 hours in comparison to the control. It is 

noteworthy that the highest levels of TrkC were observed in 48 hours of 15 µg/ml DDP. When it comes to DDP and 

VP16, appropriately increasing the concentration apparently improved prognosis in high-expression TrkC NB. 

When it comes to ADM, appropriately reducing the dose was feasible, and that further decreased the drug 

related toxicity.  

 

 

Figure 5: The ADM, DDP and VP16 inducible expression of TrkC determined by RT-PCR. (A) SK-N-SH cells 

were treated with various doses of ADM for the indicated times. Expression levels of TrkC in SK-N-SH cells were 

significantly up-regulated when treating with 48 hours of ADM. (B and C) SK-N-SH cells were treated with various 

concentrations of DDP and VP16 for 24 hours and 48 hours. DDP and VP16 significantly increased the level of 

TrkC expression in SK-N-SH cells. Furthermore, expression of TrkC was found at its highest level after 48 hours of 
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15 µg/ml DDP. **P<0.05, compared with 24 hours control. 
∆∆

P<0.05, compared with 48 hours control.
□□

P<0.05, 

compared with the two groups. Data are expressed as the mean±SD of three independent experiments. 

 

Altogether, our studies concluded that commonly used chemotherapeutic agents for NB might affect Trk gene 

family expression, such findings prompted us to seek ways to increase the therapeutic effect of cytotoxic drugs. On 

the basis of these results, in the treatment of stage1, stage2 and stage 4 with high expression of TrkA or TrkC that 

contributes to good prognosis NB, the concentration of the ADM should be given reduced, but increasing the 

concentration should be recommended when using DDP and VP16 and prolong the action time of DDP; however, in 

the therapy of stage3 and stage4s with poor prognosis and high expression of TrkB, appropriately reducing the 

concentration and combining with other drugs should be recommended when using DDP and VP16. 

 

4. Discussion 

NB is the most common extracranial soild neoplasm of high malignancy with metastases and dissemination 

occuring in about 50% of patients for early diagnosis [29]. Recently, treatments of NB mainly involve 

invasive surgery, chemotherapy, targeted systemic radiotherapy, autologous stem cell transplantation (ASCT), 

radiotherapy, immunotherapy and gene therapy, while chemotherapy still continues to play the pivotal role in cancer 

therapy [6, 30-33]. The occurrence, growth and prognosis of NB depends on a very complicate polygene-

related process in which involves in regulation of multi-factors, multi-stages and multi-genes, including oncogene 

activation and anti-oncogene inactivation. So, further study of the alterations of related regulatory genes undergoing 

chemotherapy is necessary, and such changes will not only promote further investigations of molecular mechanisms 

of NB, but will also contribute to make better characterise NB tumour biology and present new risk-stratified 

treatment strategies [34].  

 

Previously, we found that ADM, DDP and VP16 apparently inhibited SK-N-SH cells growth in a dose-dependent 

manner, but the inhibitory effect did not obviously increase after ADM treatment at the higher concentration. The 

possible mechanism for this switch is related to increased expression of MRP1 (multidrug resistance-associated 

protein1) genes [35]. We also found that with the action time of ADM, DDP and VP16 extending, the apoptosis 

rate of SK-N-SH cells increased. Our experiment results suggested that by adjusting the drug concentration and 

action time to achieve the best therapeutic effect should rely on the various chemotherapy agent characters. Flow 

cytometric analysis suggested that ADM, DDP and VP16 triggered cell cycle arrest at S phase in SK-N-SH cells. 

The cell cycle is the series of events, when DNA synthesis inhibited cells cycle arrest in S phase [36]. The S phase 

arrest observed in the cells treated by ADM, DDP and VP16 suggest that these the three drugs inhibit DNA 

synthesis of the SK-N-SH cells [37]. Recently, a number of cell cycle proteins have been shown to exert oncogenic 

roles in NB, and cyclin which further invokes signal transduction pathway is key cell cycle proteins in the regulation 

of the cell cycle [38]. The S arrest point is associated with accumulation of cyclin A protein, which production 

initially increases in cells during late G1 phase [36]. These results might suggest that ADM, DDP and VP16 
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produces obvious antineuroblastoma effects via induced S arrest in the cell cycle progression and induced cell 

apoptosis.  

 

Many previous studies found that chemotherapy drugs are not only involved with cell-killing effect on cancer cells, 

but also exert a considerable effect on the expression of certain genes which are associated with the occurrence of 

tumors and the outcome in patients. Our research strongly suggests that the expression of TrkA, TrkB and TrkC may 

be influenced by different concentration and action time of chemotherapeutics, and there was no similarly report at 

home and abroad at present. Moreover, the prevalent view currently holds that chemotherapeutics via affecting 

the expression of tyrosine kinase receptor are able to lead to the change of biological behaviors of tumor cells. 

Rubenstein [39] has proven that Cyclophosphamide(CTX) was efficacious against transforming growth factor-alpha 

(TGF-alpha) and its binding site, the epidermal growth factor receptor (EGFR) in PC-3 and LNCaP prostate tumors, 

and the greater the concentration, the stronger CTX-induced apoptosis with more significantly TGF-α and EGFR 

decreased. Shu [40] demonstrates that DDP enhances the apoptosis which is accompanied with increased cleaved 

caspase-9 expression and down-regulation of type-1 insulin-like growth factor receptor (IGF-1R). We suspect that 

the expression of Trk in NB might be affected depending on chemotherapy agents, because Trk belongs to tyrosine 

kinase receptor family which include TGF-α, EGFR and IGF-1R [41-43]. 

 

Here we addressed the effect of conventional chemotherapeutic agents on TrkA, TrkB and Trk C expression in SK-

N-SH cells by using real-time RT-PCR, and we found that TrkA expression was consistently up-regulated through 

ADM, DDP and VP16 treatment. Clinical observation has indicated that TrkA is highly expressed in a subset of 

favorable NB like stage1, stage2 and stage4s [44], and may be involved in the spontaneous regression or have low 

tumorigenic potential [45]. Indeed, high levels of expression of TrkA in NB appear to be statistically correlated with 

low tumor grade and favorable prognosis [46], and upregulation of the TrkA receptor is linked to a better tumor 

phenotype and tumor spontaneous regression. Lavoie et al clearly indicates that TrkA when expressed at sufficient 

levels has ability to mediate apoptosis of NB cells by modulating the levels of a number of proteins involved in 

regulating cell survival and apoptotic signaling, including p53, Bcl2 and casepase-3 [47]. So, in our study we clearly 

concluded that we should increase the concentration of DDP and VP16 and reduce the concentration of ADM to 

better maintain and promote the TrkA expression when NB patients with highly expression of TrkA. 

 

Previous studies determined that TrkB detectable in 50–60% of high-risk NB [45], and could be significantly 

associated with poor clinical outcome and increased resistance to chemotherapy-induced apoptosis in NB [48]. 

Indeed, TrkB is also a potent oncogene in NB, through activation of the PI3K/AKT pathway, a significant 

mechanism of facilitating resistance to several chemotherapeutic agents in NB [49]. Furthermore, Schulte [50] found 

that SY5Y-TrkB which highly expressed TrkB resulted in a significant increasing resistance to DDP obviously, and 

this was involved in the excessive expression of  MDR gene1, and this result is in line with Jaboin [19] 's finding. 

TrkB-BDNF pathway can be blocked by pre-treatment with either the tyrosine kinase inhibitor or PI-3-kinase 
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inhibitor, and then sensitizes the cell response to chemotherapy [21, 51], and demonstrated the potential as a realistic 

target in overcoming therapy resistance. However, there is no literature reporting that the TrkB inhibitors have been 

realized in the clinic [52]. Therefore, the way which TrkB could be inhibited by changing existing chemotherapy 

strategy, should be found to extensively develop an improved therapeutic treatment in NB. Here, we have 

experimentally validated that TrkB expression was also consistently up-regulated with the increasing concentration 

of DDP and VP16, due to the high expression of TrkB in NB was detected in higher stage tumors like stage3 and 

stage4s with MYCN-amplified [15, 27], TrkB upregulation would might induced NB cell resistance to the cytotoxic 

drug. In agreement with our study, Tang [53] detected that the expression of TrkB kept a trend of increasing to peak 

at day 1-3 during the DDP treatment and decreased at day 5 early. Thus, to down-regulate the expression of TrkB 

would potentially provide benefit in the patients suffering from aggressive NB which is high expression of TrkB. 

 

Higher expression of TrkC is associated with favorable clinical outcome where TrkC expression is associated with 

increased sensitivity of NB cells to chemotherapy and improved patient survival [54]. Interestingly, TrkC is 

observed in favorable NBs, and TrkC was not expressed in MYCN-amplified tumors [55]. As with TrkA, TrkC is a 

novel predictive factor of NB, functioning, in part, as increasing sensitivity to DDP by targeting and downregulation 

of anti-apoptotic BCL2. Finally, we proposed here that appropriately increasing the concentration of DDP ad VP16 

to upregulated of TrkC expression and apparently improve prognosis in high-expression TrkC NB. When it comes to 

ADM, appropriately reducing the dose is feasible, and that further decrease the drug related toxicity. 

 

So far, there is no relevant report on changing Trk gene expression by adjusting commonly chemotherapy drugs to 

increase the efficacy of chemotherapy. In this report, our studies first provided compelling evidence that NB patients 

should be multi-grade treated according to tumor stages so as to increase the TrkA and TrkC expression and inhibit  

the TrkB expression by adjusting the action time and the concentration of different drugs appropriately. 

Furthermore, the results added to a growing body of literature characterizing the Trk expression in NB, thus 

emphasized the importance of analyzing alterations in this genetic marker for prognostic determinants. 
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