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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), cisiatinum (DDP) and etoposide (VP16) on neuroblastoma(NB) cells, and then

assessed effect of three argincer agents on Trk gene family expression initN@tro conditions.

Methods: SK-N-SH NB cells were exposed vitro to ADM, DDP and VP16Cell countingkit (CCK-8) assay was
performed to determine the effect of acdincer agents on cell viability, and the cell cycle change was measured by
flow cytometry. Quantitative reverse transcription polymerase chain reactiecR(R) analysis was utilized to

detet 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 | | u ghatrARM, BOP and VP16 had cytotoxic activity as a single agent in both aamde

dosedependent manném vitro. HoweverNB cel | s resi st ance t.twascogfimedtmencent r a
NB cells showedi vitro sensitivity toA D M, DDP awidcon¢gnttaion that b s e r v #hedhalivi t h

maximal inhibitory concentration (IC5@galueso r8K-N-SH cellsb e i5pgg/ mjig,/ n8 a@dmi1 00

r e s p e d-low oytentetyy.analysis showed thhese three drugs aladed to enhanced accumulation of cell
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populations in S phas@dditionally, our results showed that in NB cells, these¢hdrugs treatment dramatically

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

Conclusions: Co | | e couriregudisl may help to develop tailored treatment approaches and enhance the efficacy
of cytotoxic agents treatment for higisk NB with minimal or no additional toxicity by adjusting the concentration
and action time oADM, DDP and VP16&lepending on different NB stages.

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

1. Introduction

Neuroblastoma(NB), asne of the most common and deadly extracranial solid neoplasm of childhood, accounts for
nearly 8%~10% of all malignancies in pediatric patida}s Moreover, it is derived from plupotent neural crest
precursor cells and behave in a significantly aggressive and unpredictable behavior associated with responsible for
approximately 15% of all childhood candexked mortalitieg 1]. Unfortunately, more than 50% of the treated high

risk NB patients ultimately die of recurrence and multifocal metastatic diseapagedes responding well to
intensive multimodality therapy at early stage 3]. Indeed, patients with refractory or recurrent NB have poor
response to salvage treatment strategies and behave locgibssige with longerm survival under 409%4].

During the last fewyears, advances in the treatment including stemtregl$plants, target therapy and biological
immunotherapy have beeffectivelyapplied to relapsed or refractory NB, but overall survival rates for these

patients has been improved only modefi|y6].

Adriamycin (ADM) plays itsantitumoractivity related to ihibiting of nucleic acidsynthesis[7]; cisplatinum
(DDP) function therapeutically primarily by preventing DNA replicatiin rapidly formation of interand
intrastrand crostinks between platinum and guanine; etopogidB16), which can aain DNAtopoisomerasH,

and then forndrugsenzymeDNA stable reversible complexes, eventually lead to DNA dan@geAt present,
these three chemotherapeutic aganeemergingas afeasiblefirst-line choice in the treatment of NB. More
importantly, the effectiveness of firbhe chemotherapy is often obviously limited bglevelopment of
chemoresistance andxic effects [9]. Accordingly, better increasing the integrated effectiveness of initial
chemotherapy with minimal toxicity by boosting the effectiveness of several cytotoxic agents nieye ach

promising strategy against relapsed or refractory NB

In recent years, with rapid developmentroblecularmedicine and genetiapproaches, much more progress has
been made in predicting the prognosis related to clibiebhviors of NB. Specia@mphasis has been placed on
significanttumor-associategenes which arequallyimportantas oncogenes in NB risk stratification and

therapeutic approachgk0].
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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 ditéygi#. Moreover, the

Trk family has welldefined roles in neuronal developmé4it and elicits diverse cellular responses such as inducing
differentiation, providing trophicugport, modulating neuronal function and promoting axon outgrowth or apoptosis

in neuronal developmeftL3]. 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 ardgh-affinity binding with the neurotrophin family of ligands, including nerve
growth factor(NGF), braiuerived neurotrophic factor (BDNF), and neurotropBiiNT-3) [4, 14]. At the cell
membrane, NGF activates TrkA, BDNF interacts with TrkB, and3\Jreferentially binds Trk€14]. Accordingly,

the TrkA ligands NGF indeed initiates differentiation and increases apoptostso 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 predictidavorable clinical and biological features and
prone to spontaneous regression or differentiation, with an excellent ouféd@m#8]. In contrast, cumulative
evidence indicates thdtigh levelsof TrkB is responsible for tumorrpgression such as invasion, metastasis,
angiogenesis, and associated with frequently MYCN amplification distimalprognosig 13, 19, 20]. Furthermore,

TrkB overexpression through activation of the phosphaiithsitol3-kinase (PI3K) /AKT survival pathway
contributed to increasing chemoresistancebialogically aggressive, highisk 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 whih is expressed in a subset of the THressing NB also serve

as a good prognostic indicator in NB3, 21]. Most NB expresses at least one member of the Trk faiily
Favorable prognosis NB sh as stagel, stage2 and stagestially express relatively high levels of TrkA, whereas
unfavomble, MYCNamplified NB such as stage3 and stagedually are associated with expression of T[RB].

This conclusiornis borne out by oupreliminarystudy[25].

In the present paper, we utilized a human NB cell ling;Ns8H cell line treated by dé#rentconcentrationand
action timeof ADM, DDP and VP16, to analyze the variance and significance of expression of TrkA, TrkB and
TrkC. In the following study, we hope to investigtte chemotherapeuticegulation on the expression of TrkA,
TrkB and TKC, thereby achieving the rationale for modulating Hislsed chemotherapy intensity and translating

individualandmoderate chemotherapeusicheme into the clinic.

2. Methods and Material

2.1 Cell line

Human SKN-SH cell line was purchased from the Stat-sen University. The cells were cultured in DMEM/F12
(2:1 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 Signi&lzol was purchased from Invitrogen, aMdMLV reverse
transcriptasewas purchased fronfPromega PrimeScriptTM RT reagent Kit (Perfect Real Tim@yag DNA
polymeraseandExTaqg DNA polymerasgere purchased from Sigma Chemical. Hggeed refrigerated o&ifuge
(325 model) was from Promega, and normal PCR instrument-DTM model) is from Bierad. Fluorescence
guantitative PCR (ABI 7900 models) is from Stepone, and Micro UV spectrophotometer (NanoDi2QOBIO) is
from Promega. Flow cytometry (FGRO12) is from BD.

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

For experiments, S#J-SH cells were plated into 96ell plates at a concentration of approximately aélis per

well in triplicate wells at 37C 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 C.hcubator for 2soursand 48hoursfollowed by the CCKB assay.

After treatment, 10ul of CCI8 reagents were added to each well and incubated at 37# o4 houts The
absorbance of the solutions was read at @%0by a microplate reader (NanoDrop MDOOC, promega, USA)
according tostandard protocols. Percentage of cell viability rate was calculated as the percentage-8f CCK
absorption as follow: (absorbance of experimental wells/absorbance of control wells)x100%. All treatments were
performed in triplicates and repeated three tirnié® 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 iw8ll plates at a density of approximately 3Xt@lls per milliter for 24
hours According tathe results of CCK3, IC50 of ADM, VP16 and DDP were added to the experimental group.
After this, untreated or drugseated cells were centrifuged, washed with PBS and fixed witbolte75% ethanol
overnight. Then, thdixed cells were incubated with 20l of binding-buffer, 10l of AnnexinV and 5ul of
propidium iodide incubated for 15 minutes in the dark. In the enduk80binding-buffer was added to the fixed

cells. Thecell cycle phasewascarried outby flow cytometry injustonehour.

2.5 Total RNA isolation

Following chemotherapyreatment fora different time total RNA was isolated from SK-SH cell lines using the

TRI zol reagent (Bio. Basi c, Shanghai , e RNAwasaprecipiated or di ng
with isopropanol, washed with 75% ethanol, and dissolved in diethylpyrocarbonate (DE&E) 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

5 -TCCAACACGGAGGCAATG3 ' ; -Rr E@®AGGACATCCAGGTAGACAG3' . The pkBwareer s of
as follows: TrkBF -BCCGAGATTGGAGCCTAACAG3 ' ; -Hr EBACCAGGATCAGTTCAGACAS3’

The primers for TrkA were as follows: TrkE -EAAGCCCACCCACTACAACA3 ' ; -Rr k5C
GTGGGACTCACTTCGTCAAAG3 ' . Foll owing c¢DNA synt hesedinorder@dR ampl i

examine the number of Trk transcripts. The assay was carried out using a Biowgeadieht Thermoblock thermal

cycler (Gottingen, Germany). Multiplex RFCR was conducted in a finmkx vol ume
containing 5% 8methisutokide PD8VSO), 0.02 U HotStart Tag 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 anyaltibn (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 FFICR were confirmed by specific Trks usinglividual 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 collaté@cbreanalyzecbya oneway
ANOVA (independent) and nonparametidst. All statistical tests were-s2ded, and a P value of less than
0.05(P<0.05) selected as atstically significant difference.

3. Results

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

In order todeterminet he effects of ADMNSBDRedhd, VEREESpamfiBK ms d
viability and the proliferation o5 KN-S H ¢ &/é& éxamined the survival & KN-S Hcell line in response to
increasing concentrations 8fi DM, VP 1 6 daringlan Dddigation period of 24h and 48h, cell viability was
measured, and IC50 values were calculated. At first, according ticetia¢ure review[26, 27]and the results of our
previous study[28], we determined the treatment conditions (drug concentration and treatment duration). The
growth inhibitory effectsoAD M, VP16 wandetemidéRs described under Materials and Meth@ds.e
viability of t h atdifferentdrug actierdirne. Baeh gpsini represents the meantSD of three
independent experiments.

Our results revealet h teeatment of SKN-SH cells with ADMresults in a doseand timeresponsive cell death as

measured by CCi8, the effect ADM wasi<gug/mlfait c asretr ywH eorw. Howevec thent r at i o
apoptosis rate of NB cells did not significantly increase, when the concentration of ADM waghao 5ug / ml

(Figure 1A).As s h o wunr leAthere~wierg only a littlef apoptosigells in theS KN-S Hcell line without the

ADM treatment, but the viable cells were gradually decreased and reached .24 with a concentration of 5

pg/ml ADM at 24 hoursof exposureMor eover +1.9% loyf 4c3e.13 s 5ugénl ADMwif a eix@ oadtur e,
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Figure 1: Cytotoxic effect ofA D M, \am1d6 D BKN-SH cells.(A) The growth curves of ADMreated SK
N-SH cells after various time induction at given concentrations. The apoptosis rateNoS&Kcells significantly
increased upon ADM treatment when the concentration wagigédl. (B and C)Cells were exposed to the
indicated concentrations of DDP and VP16 fort®tirsand 48hourswhich exhibit highly exhibited doseand

time-dependent inhibitory effects d KN-S H ¢ All résglts are presented as the mean+SD performed from at
least 3 inlependent experiments.

A ma r laggohentation in apoptosis was observed with DDP and VP16 treatment which highly exhibitexhdose
time-dependent inhibitory effects dB KN-S H ¢ (€ fub 4B a nudr leBiAg shown in Figure 1Baf t er 5
ug / ml ygml O pg2Oml g/ 3n0 g/ 40 qugn/d mi5 ODDP  tNrSeHa tcienl gl heukfthe cell 2 4
survival rateswe r e {61104 . 3( #8060%,2 (+8.2)%4 (+3.9)%1 (+2.8)%5 and +40%;7 . 7
after di fferent concenN-3Hddlolnss hod,rtDE sutvivak tesvea g e S K
(6 25.8%, (x3.3)%5 (x0.6)%8 (+0.8)%6 (£0.3)%3 a n d +0(7)%,DDP cytotoxity toS K
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N-SH <cell s i n -dee pe ode e nhThe epoptossnrates | gni fi cantly iirmrecreased
c o ncent DDPttréatng SKh-BH cells for 4&hoursr e | at i ho &@,DBRcyt@okity toSKN-SH cel | s i n
a t-deneendent mapgn emnl g /AELQey 1/ Srdl @/ InBhigy/ml and 2mg/ml, VPX6FU rdeC)

treat N8 Skl | bo ufrtter cell Zdrvival ratesve r e £4.2)%, 9 (x8.9)%6 (+3.6)%2

(2al.9%, (£0.8)%5 a nd0(6)9.. 2Af tpg v mil Qu@/2rE10,ug /5MI0,ug /7,AIdg/ml and 2

mg/ml VP16t r eat iNiBd Sl | | bBo ufrtter cells@vival ratesver e *4.6)%, 8 (£3.8)%5 ,
(25%2.82%, (£1.87)%3, (x0.6)%3 and +0(5)9,. 4V Rytoboxity to SKN-SH cel | s in é
concendemén den The apaptosieratesi gni fi cantly increasedvPEBfter th
treating SKN-SH cells for 48hoursr e | at i hoeu,’MPD6 cyRofoxity toS KN-SH c el | s-d d me nad etnitme
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-SH cells was 5ug/ml of ADM, 8 pg/ml of DDP, and 10@ug/ml of VP16at 48 hours

treatment. Taken together, our results indicate thatNSBH cells were responsive #8DM, DDP and VP16

induced apoptosis n a-adasd émendent manner ,s ihsotwernvea ,t dNBhiceeH | so nm @
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-&§-SK cells. Analysis of cell
cycle phase distribution was cid out to study the anpiroliferative mechanism of chemotherapeutic agents on
S KN-S Hcells. According to the literature and our result of IC50 df e t h roe ®KN«H celisswe chosen
2.5ug/ml ADM, 5 pg/ml DDP and 10Qug/ml VP16were added to the experimental group.

It can be seen that treatment of-8KSH cells with ADM (Figure 2A), DDP(Figure 2B) and VP1§Figure 2C)

caused cell cycle arrest at S phase, and this was accompanied by a dramatic decrease in the percentgh®f cell
GO0/G1 phase. Compared with control, ADM treatment resulted in a significant accumulation of cells in the S phase,
the percentage of SK-SH cells in the S phase increased from 16.59+0.52% to 51.41+0.13%. At time O, only
13.51+0.39% of cells wer@ithe S phase, and after Bdursof DDP treatment, 25.24+0.37% of cells were in the S
phase. Incubation of VP16 for Bdurs the percentage of S phase increased to 50.25+2.06%.

Archives of Microbiology & Immunology Vol. 3 No. 2 - June 2019. 26



Arch Microbiol Immunology 2019; 3 (2): 020-038 DOI: 10.26502/ami.93650025

A 8 $
¥4 ADM-Control g ADM-2.5ug/ml
8 GO+Gl1 73.23% 2 G0+G1 30.13%
g $16.59% 1 S 51.41%
o8 G2+M 9.65% °8 G2+M 17.92%
g
B g g " :
DDP-Control DDP-5ug/ml C % £
: G0+G1 73.73% z G0+G1 56.64% §{ VP16-Control §{ VP16-100pg/ml
.8 S 13.51% .5 §25.24% & GO+G1 55.62% = GO+G11.38%
§ﬁ G2+M 17.92% §° g“v’ $19.33% g' S 50.25%
8 8 3g G2+M 16.84% 38 G2+M 18.03%
g 3 g g

* G2+M 16.18%
W ap en w0 100
i

il |
I

DDP  GOGI s G VPI6 GG s G

Figure 2: Cell cycle arrest of the SKI-SH cells by flow cytometry. One representativeaga 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 pbagas 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 signiécanteliffetween 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
r e s p on smubidrug resistancMDR) f o r ma Givero these observations, we confirmed whether ADM
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DDP a n dare\aBlelt6 modulate the expression of Trk inducediffgrent concentratiorgradients of ADM,
DDP and VP16 with variable duration in S%SH cell line using RIPCR. Each group sets three parallel holes.

There was a statistically significant incregse least 2fold) in TrkA geneafter 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
performedRT-PCRon TrkA expression using tlmlumnchart (Figire 3). RT-PCR demonsated variable levels of
TrkA, with the highest levels identified in SK-SH cells, which had approximately 288ld higher expression
levels than control group (Rige 3). RT-PCR analysis showed thADM transiently stimulated TrkA expression,
causing a ighest (11%old) increase of TrkA level after 48%ursof 2.5 ug/ml ADM, and there were no difference
between 2soursand 48hoursin the expression level of TrkA (Rige 3A). Figure 3B illustrated that ug/ml, 10
pg/ml and 15ug/ml DDP treatment for 2#oursand 48hoursboth can lead to the expression of TrkA increasing
(Figure 3B), with thedosageof 10 pg/ml at 24 hoursbeing the most obvious. As shown in tig 3C, RT-PCR
revealed that VP16 treatment resulted in a tiem&l doselependent upegulaton of TrkA (P<0.05). In summary,
thedata suggested that we should appropriately increase the concemtnatipnolonging the time dPDP and
Vpl6 to apparentlyimprovedrugefficacy in highexpression TrkA NB. When it comes to ADM, appropriately
reducirg the dose was feasibleut prolonged action time not recommended.
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Figure 3: ADM, DDP a stngly ipredulatedTrkA expression in SKN-SH cell lines. (A) SKN-SH cells
were treated with 2.fig/ml and 5ug/ml ADM for 24 hoursand 48hoursand subjected tRT-PCRassaysADM

has increased TrkA expression relative to the controls. Cells expressing TrkA show no alterations behaeen 24
and 48hoursin the expression level of TrkA. RPCR analysis showed thADM causing a highest (118Id)
increase of TrkA level after 48oursof 2.5ug/ml ADM. (B and C) The histogram showed that DDP treatment for
24 hoursand 48hoursleads to increased expression of Triki&h the dosageof 10 ug/ml at 24hoursmost obvious.
RT-PCRrevealed that VP16 treatment resulted in a tievel dosedependent upegulation of TrkA. Bars represent
the mean+SD of three independent experiments. **P<0.05, compared withugsicontrol. * <0.05, compared

with 48 hourscontrol” P<0.05, compared with the two groups.

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

TrkB level was obviously higher in SK-SH cells in the presence of ADM, DDP and VP16 compared to the
control. A t2.5ug/ml ADM for 24 hoursand 48hours  éexpression of TrkBvas not ed t o gradually
there was no significant variation in TrkB levelss tABM e x p 0 s u rtheeu md d MB(FEure4A). Taken

together, our data revealed that af?16 treatment, we observed a substantially increasing in the induced TrkB

expression in doseand timeindependent manner (kige 4B). Further, we found a significant increase in TrkB
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expression afteDDP treatmeniat 24hoursin doseindependent mannéFigure 4C). Also, a significant decrease in
TrkB expression was noted in different concentration DDP athd@&s 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 stagéhigh expression of TrkB strongly associated vpittor

prognosis.
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oL emm—— |
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Figure 4: TrkB expression isignificantly increased by incubating the cells in the presence of ADMDDP and
V P 1 Bxpression levels of TrkB were detected in-8KSH cell lines byRT-PCR (A) RT-PCR analysis showed
thatthere were no difference betweeni®lrsand 48hoursin the expression level of TrkAfter 2.5 ug/ml and 5

pg/ml ADM. (B) The histogram showetthat TrkB expressiorwas completely suppressaddifferent concentration

DDP at 48hours (C) SK-N-SH cells were treated with various concentrations of VP16 fdio2dsand 48hours

TrkB appeared overexpressed in-8KSH cells in comparison to controlstP<0.05, compared with 24hours
control.® 9<0.05, compared with 4®urscontrol” P<0.05, compared with the two groupata are expressed as

the meanzSDof three independent experiments.
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For TrkC, our results showed that DDP and Vp16 significainttyeased the level of TrkC expression (Fg5B
and Figire 5C). RT-PCR further identified that the expression of TrkC in-B¥SH cells was significantly up
regulated when treating with different concentrations of ADM ahd@s (Figure 5A). However, thé difference
was not statistically significant in different concentrations of ADM forh@drsin comparison to the contrdkt is
noteworthy thathe highest levels of TrkC were observed inhé8rsof 15 ug/ml DDP. When it comes tbDP and
VP16, approprately increasing the concentratiapparentiimprovedprognosis in higtexpression TrkC NB.
When it comes to ADM, appropriately reducing the dose was feasible, andutti&r decreased the drug
relatedtoxicity.

N 24h ADM
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TrkC
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Figure 5: The ADM, DDP a rinducibleRegpfession ofrkC determined byRT-PCR (A) SK-N-SH cells
were treated with various doses of ADM for the indicated times. Expression levigls®in SK-N-SH cells were
significantly upregulated when treating with 4®ursof ADM. (B and C) -N-SH cells were treated with various
concentrations of DDP and VP16 for Bdursand 48hours DDP and VP16 significantly increased the level of
TrkC expressiofin SK-N-SH cells.Furthermore, expression of TrkC was found at its highest level afteout8of
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15 pug/ml DDP. **P<0.05, compared with 2dours control. * <0.05, compared with 48ours control” P<0.05,

compared with the two groupBata are expressed as thean+SDof three independent experiments.

Altogether, our studies concluded thmammonly 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 ofedtastage2 and stagewith high expression of TrkA or TrkC that
contributes to good prognosis NB, the concentratiothe ADM should be given reduced, but increasing the
concentration should be recommended when using DDP and VP16 and prolong the action time of DDP;ihowever,
thetherapyof stage3 and stage 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 extracraniabild neoplasnof highmalignancy with metastaseand dissemination
occuringin about 50%of patients for earlydiagnosis [29]. Recently, treatmentf NB mainly involve
invasivesurgery, chemotherapy, targeted systemic radiotherapy, autologous stem cell transplantation (ASCT),
radiotherapy, immunotheramnd gene therapwhile chemotherapy still continues pay the pivotalrole in cancer
therapy [6, 30-33]. The occurrencegrowth and prognosis of NB deperms a very complicate polygene
relatedprocess in which involves in regulation of milictors, multistages and muigenes, including oncogene
activation andantroncogene inactivation. So, further study of éiterationsof relatedregulatory genes undergoing
chemotherapy is necessary, and such changes will not only promote further investigations of molecular mechanisms
of NB, but will also contribute to makbetter characterise NB tumour biology and present newstisiified
treatment strategid84].

Previously, we found that ADM, DDP and VP16 apparently inhibitedNs8H cells growth in a dosgependent
manner, but the inhitory effect did not obviously increase after ADM treatmenthat higher concentration. The
possible mechanism for this switch is related to increased expression of MRIRIHr(g resistancassociated
proteinl) genes[35]. Wealso found that with thectiontime of ADM, DDP and VP1Gxtending, thepoptosis
rateof SK-N-SH cells increased. Our experiment results sugdetsiat by adjusting the drug concentration and
action time to achieve the best therapeutic effect sha@ljdonthevariouschemotherapgpgent characters. Flow
cytometric analysis suggestdtht ADM, DDP and VP16triggeredcell cyclearrest at $hase inSK-N-SH cells.

The cell cycle is the series of events, when DNA synthesis inhibited cells cycle arrest in 83phaBee S phase
arrest observed in the cells treated by ADM, DDP and VPl@esigthat these the three drugs inhibit DNA
synthesis of the S#-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 pathwiegyisell 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 phd88]. 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 previais studies found that chemotherapy drugs are not only involved witkiltielj effect oncancercells,

but also exert a considerable effect on the expression of certain genes which are associated with the occurrence of
tumors and the outcome in patier®@sir research strongly suggests that the expression of TrkA, TrkB and TrkC may

be influenced by differertoncentration and action time ofiemotherapeutic&nd there was no similarly repait

home and abroad ptesent. Moreover, the prevalent view emtty holds that chemotherapeutics via affecting

the expressiorof tyrosinekinasereceptor are able to lead to the change of biological behaviors of tumor cells.
Rubensteirf39] has proven that Cyclophosphamide(CTX) was efficacious against transforming growttafphsor
(TGFalpha) and itbindingsite, the epidermal growth factor receptor (EGFR) inP&hd LNCaPRprostateumors,

and thegreaterthe concentration, thastronger CTXinduced apoptosis with mosignificantyTGFa and EGFR
decreased. Shi#0] demonstrates that DDP enhances the apoptosis which is accompanied with increased cleaved
caspas® expression and downegulation of typel insulinlike growth factor receptor (IGER). We suspect that

the expression of Trk in NB might be affected depending on chemotherapy agents, because Trk belongs to tyrosine
kinasereceptor family which include TGE& , EGFR-1R@H43l GF

Here we addressed the effect of conventional chemotherapeutic agents on TrkA, TrkB and Trk C expression in SK
N-SH cells by usingeattime RT-PCR, and we found thdirkA expression was consistently-uggulated through

ADM, DDP and VP16 treatmenClinical observation has indicated that TrkA is highly expressed in a subset of
favorable NBlike stagel, stage2 and stag@44], and may be involved in the spontaneous regressitiava low
tumorigenic potentigl45]. Indeed, high levels of expression of TrkA in NB appear to be statistically correlated with
low tumor grade and favorable prognopi$], and upregulation of the TrkA receptor is linked to a better tumor
phenotype and tumor spontaneous regression. Lavoie et al clearly indicates that TrkA wheseeqiresfficient

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 cas8page 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 thekA expression when NB patients with higkexpression of TrkA.

Previous studies determined that TrkB detectable ¥66% of highrisk NB [45], and could be significantly
associated with poor clinical outcome and increased resistance to chemothdrayeg apoptosis in NB4§].
Indeed, TrkB is also gotent oncogene in NB, through activation of the PI3K/AKT pathway, a significant
mechanism of facilitating resistance to several chemotherapeutic agent§48]NBurthermoreSchulte[50] found

that SY5Y-TrkB which highly expressed TrkB rdged in a significant increasing resistance to DDP obviously, and
this was involved in thexcessive expressiai MDR genel, and this result is in line with Jabpli®] 's finding.
TrkB-BDNF pathway can be blocked by greatment with either the tyrosine kinase inhibitor of3Minase
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inhibitor, and then sensitizes the cell response to chemothg@a®l], and denonstrated 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 clinid52]. Therefore, the way which TrkB could be inhibiteg ¢hanging 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 consistentiggytated 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
stage4 with MYCN-amplified[15, 27], TrkB upregulation would might induced NB cell resistance to the cytotoxic
drug. In agreement with our study, Tdia@] detected that the expression of TrkB kept a trend@éasing to peak

at day 13 during the DDP treatment and decreased at day 5 &#hg, to dowrregulate the expression of TrkB

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

Higher expresion of TrkC is associated with favorable clinical outcomteere TrkC expression is associated with
increased sensitivity of NB cells to chemotherapy and improved patient sufgijal Interestingly, TrkC is
observed in favorable NBs, and TrkCswvaot expressed in MYClamplified tumord55]. As with TrkA, TrkC is a
novelpredictive factoiof NB, functioning, in part, as increasing sensitivity to DDP by targeting and downregulation
of antiapoptotic BCL2 Finally, we proposed here that appropriately increasing the concenwafiidpP ad VP16

to upregulated of TrkC expression and apparentlgroveprognosis in higtexpression TrkC NB. When it comes to

ADM, appropriately reducing the dose is feasible, andfthittter decrease the druglatedtoxicity.

So far, there is no relevant report on changing Trk gene expression by adjusting coctmombyherapy drugs to
increase the efficacy of chemotherapy. In this report, our studies first provided compelling evidence that NB patients
should be multgrade 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 analyzirtgraltions in this genetic marker for prognostic determinants.
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