6 2 Vol.6 No. 2
2004 4 ChinJ Contenp Pediatr Apr. 2004

- Original Article in English-

Role of nerve growth factor receptor
In neur oblastoma angiogenesis

Ji-Hong ZHANG, Jin-Hua ZHANG, Ai-MinLI
L aboratory of Hematology, Second Haspital , China Medical University, Shenyang 110004, China

Abgract : Objective The nerve growth factor receptor ( TrkA) gene is an independent marker of the favourable
prognosis of neuroblastoma (NB) . High expresson of TrkA can not only induce differentiation and inhitit proliferation of
NB cdls but can a0 be involved in the regulation of tumor angiogeness. This study aims to investigate the role of the
TrkA genein human NB angiogeness. Methods The NB SY5Y cdlswere named SY5¥ TrkA cdlsand SY5Y-Vec cels
ater being trangfected with TrkA gene and PBPSTR1 enpty vector repectivey, and the NB SY5Y cdls without
trangection were named the SY5Y cdls. Fifteen nude mice were assgned into a Control group , an Empty-Vec group an
Experiment group (n=5 each). The SY5Y cdlsof the Control group , the SY5Y-Vec cdlsof the Enpty-Vec group and
the SY5Y- TrkA cdlsof the Experiment group were inoculated. The mice were then sacrificed 50 days & ter inoculation.
The tumor volume was measured; the microvessd density (MVD) of the tumor was evaduated and the expresion of
vacular endothelia growth factor (V EGF) was determined by RT- PCR and immunohistochemistry. Results The tumor
volume in the Experiment group (0.39 +0.02 cm®) was sgnificantly smaler than that of the Control group (1.74 +
0.49 cm®) and do was smaller than the Enpty-Vec group (1.80+0.75 cm®) ( P <0.01). The expressonsof V EGF
mRNA and V EGF protein in the Experiment group were sgnificantly lower than those of both the Control and the
Empty-Vec groups ( P <0.01). The MVD in the BExperiment group (4.08 £ 4.72 %) was d< dgnificantly lower than
that of the Control (27.21 + 14.58 %) and Empty-Vec groups (27.76 + 14.15%) ( P < 0.01). Conclusions
Angiogeness and tumor growth of human NB can be efectively inhibited by the TrkA gene. This experiment provides a
theoretical badsfor the treatment of NB with antrangiogenes's gene therapy.
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Neuroblastoma (NB) isa maignant embryogenic
tumor derived from primitive neuroblast. It isone of
the common malignant olid tumorsin children, with
the characteristics of abundant vessls, rapid growth
and early metastads. Recent research has shown that
growth and metastas sof maignant tumorsare largely
dependent on angiogeness. NB has become a key tar-
get for anti-angiogenic thergpy of tumors because of
its high vascularity. At present , most anti-angiogenic
drugs and reagentsfor the treatment of NB arein the
process of vitro experiments or anima experiments.
It
has been reported that the TrkA gene, a nerve

Al , obvious toxic Sdegfects have been found.

growth factor (N GF) receptor , was asociated with
the differentiation and proliferation of NB cdls and
might be involved in the regulation of angiogene
sgtl,

NB angiogeness have been found in China. This

S far, no reports about the role of TrkA in

study aims to evauate the role of TrkA in NB angio-
geness and the feaghility of the TrkA gene in the
treatmemt of human NB.

Materials and methods

Reagents

The Lipofectin kit was provided by Roche Bio-
chemicd Company ( Germany). The TrkA-cDNA
primer andB-actin primer were syntheszed by Gboo
Company (USA). The vascular endothelia growth
factor (VEGF) primer and the RT-PCR kit were
provided by Takara Company. The V EGF immuno-
histochemistry kit was provided by Boster Biotechnol-
ogy Company of Wuhan. The SHSY5Y NB cdl
line, vector (pBPSTR1, with puromycin-redstant
gene) and full-length TrkA cDNA plasmid that con-
nected with the vector (pBPSTR1- TrkAcDNA) were
a generous gift from Profesor Carol Thiele (Nationa
Ingtitute of Health, USA) .

Establishment and identification of SY5Y-TrkA cell
lines

SH-SY5Y (SY5Y) NB celswereculturedin the
routine way. The pBPSTR1-TrkA cDNA and pBFP
STR1 empty vector were trangected into the packag-
ing cell line according to the directions of the Lipo-
fectin kit and the method provided by Jossph Sam-
brook!?!. The tranfected cells were treated with
0.5M g/ ml of puromycin for a week. The surviving,
drug-redstant cdls were subcloned by limited dilution
to dngle-cdl clona lines. The cels trandected with
pBPSTR1- TrkA were named the SY5Y-TrkA cdll
line and the cdls trandected with pBPSTR1 were
named the SY5Y-Vec cdl line. The cdls without
trandection were SYS5Y cdl line. The expresson of
TrkA , which was represented by the ratio of the Tr-
KA product dendty to theP-actin product dendty
(PCR ratio) , was detected by RT-PCR!?!. The pre-
dicted product of TrkA was 523 bp!®!. The predicted
product of B-actin was 700 hp.
Inoculation of NB cellsand grouping

Fifteen 4-week-old femae Babc nude mice from
the Anima Department of China Medica Univerdty
were randomly asdgned into three groups (n =5
each) : an Experiment group, an Empty-Vec group
and a Control group. The mice in the Experiment
group were inoculated with 600U | PBS SY5Y- TrkA
cells supendon lutions in the right front axillary
flank subcutaneoudy , with the inoculation densty of
2.5x 10"/ mit4l,
and the Control group were inoculated with SY5Y-
Vec cdlsand SY5Y cdls repectively , with the same

The mice in the Empty-Vec group

dosage, inoculation dte and inoculation time as the
Experiment group. The growth of tumors were ob-
erved and the tumor volumes were measured 21, 35
and 50 days ater inoculation. The mice were sacri-
ficed 50 days &ter inoculation and the tumors were
reected. Someof the tumor gecimens were madein-
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to 5 m parafin sections and the other were snap-
frozen in liquid nitrogen.
Detection of VEGFMRNA expression

After the frozen tumor gpedimens had been quickly
thawed, pieces with less monnective tissues were taken
out. Hecesdf tisse with avolumeof 0.5 mmx0.5 mm
x 0.5 mm were then cut in the gerile condition. The to-
td odluar RNA was extracted and then the VEGF mR-
NA expresion was detected by RT-PCR. The VEGF
MRNA expresson was represented by the PCR ratio. The
predicted product of V EGF was 535 bp!®!.

Detection of VEGF protein expression

The processes were performed according to the
directions of the VEGF immunohistochemistry Kkit.
The cels with brown yelow granules in the plasm
were defined as postive. The results were eva uated
according to the total score of staining intendty and
the percentage of postive cells: (a) staining intensty
soring: 0 = negative; 1 = weak postive; 2 = pos-
tive; 3 = strong podtive; (b) percentage of postive
celssoring: 0=0%; 1=25%; 2= <26 %- 50 %);
3= >50%.

Calculation of microvessl density (M VD)

The tumor tissues in the parafin sections were
stained with HE. The percentage of the vess areain
per unit field of vison area was caculated uing a
UIC/ Olympus digitd image analyds computer sys
tem. The observed visons were selected from the out-
er area, central area and inner area of the tumor tis
sure sections.

Satistical analysis

All data were expressed as x + sand t test was

used to andyze the differences.

Results

TrkAmMRNA expression of NB cells

The PCR ratios in the SY5Y cdl line and the
SY5Y-Vec cdl line were 0.43 +£0.07 and 0.44 + 0.
09 regectively. In the SY5Y-TrkA cdl line, there
was a bright band at 523 bp segment and the PCR ra
tiowas2.69+0.22. The TrkAmMRNA expresson of
the SY5Y-TrkA cdll line was sgnificantly higher than
that of the SY5Y cdl line and was d< ggnificantly
higher than that of SY5Y-Vec cdl line (both P <

0.01) (Figure1l).
Vivo tumor growth in nude mice

The tumor occurred 12 days ater inoculation in
the Control and Empty-Vec groups. Whilein the Ex-
periment group , the tumor occurred 28 days ater in-
oculation. The average tumor volumes 21, 35, and
50 days &ter inoculation in the Control group were
0.13 = 0.04cm’, 0.48 + 0.11cm’, 1.74 =
0.49 cm®, and those in the Empty-Vec group were
0.14 + 0.05cm’>, 0.50 + 0.24cm’, 1.80 =
0.75cm®. Those in the Experiment group were 0
cm®, 0.10 £ 0.02 cm®, 0.39 £ 0.02 cm®. The tu
mor volume in the Experiment group was sgnificantly
smaller than those of the Control and the Empty-Vec
groups ( P <0.01). There was no satistical differ-
ence between the Control and the Empty-Vec groups.
VEGF mRNA expression of tumor tissues

The PCR ratios in the Control , Empty-Vec and
Experiment groups were 1.45+0.77, 1.35+0.71
and 0. 16 + 0. 09 reypectively. The results showed
that the V EGF mRNA expresdon of tumor tissuesin
the Experiment group were dgnificantly lower than
those of the Control and Empty-Vec groups (both P
<0.01) (Figure?2).
VEGF protein expression of tumor tissues

The soores of immunohistochemistry staining in
the Control , Empty-Vec and Experiment groups were
5.67+£0.49,5.33%£0.78, and 2.00 £ 0. 60 regpec
tively. The results showed the expresson of VEGF
protein in the Experiment group was dgnificantly
lower than those of the Control and Empty-Vec
groups (both P < 0.01). There was no satistica
difference between the Control and Empty-Vec
group. See Figures 3, 4 and 5.
M VD of tumor tissuses

The MVD in the Experiment group was dgnifi-
cantly lower than those of the Control group and the
Empty-Vec group regectively (4.08 + 4.72% vs
27.21 + 14.58%; 4.08 £ 4.72% vs 27.76
14.15%) (both P <0.01). There was no statistica
difference between the Control group and the Empty-
Vec group (Figures6, 7 and 8) .

+

Discussion

Onset of NB is a result of some neural crest-de-



6 2
2004 4

ChinJ Contenp Pediatr

Vol.6 No. 2
Apr. 2004

rived neuroblasts malignant proliferation. The normal
regulation of these cellsgrowth is disturbed because of
gene variation in embryonic developmenta stage!®!.
The Trk oncogene family, which encodes tyrosne
protein kinase receptors, and their ligands nerve nu-
tritions (NTS may be involved in the incidence and
It has been
shown that the high expresson of TrkA can induce
benign differentiation in NB cells and that the TrkA
is a marker of favourable prognods of NB. Mutiple
defectsin the TrkA-mediated sgnaling pathway were
one of the important mechanisms of tumor formation
Recent studies have shown that
the activated Trk-N GF complexes transmitted a neu

development of NB to various extents.

and progresson!”!.

rotrophic sgna from nerve terminals to cdl bodies,
resulting in a seriesof alterationsin the biochemistry ,
gene regulation and morphologica differentiation in
NB cdls, and then turned the NB cdls into gangli-
noblast phenotype. The high expresson of TrkA not
only might afect the differentiation and proliferation
of NB cells but might al be involved in the regula
tion of tumor angiogeness* 9!

Angiogeness is esentia for tumor growth and
metastasi s 7.
vacular endothelid cells and may intensgly stimulate
vacular endothelia cells to perform mitos's, prolifer-
ate, migrate and egtablish new vessels. As an au

V EGF is a highly gecific mitosn on

tocri ne and paracrine growth factor , V EGF can inter-
act with the other angiogenic factors to contribute the
angiogeness of tumors™. The high expresson of
the V EGF gene wasin accordance with N-myc ampli-
fication, remote metastads and poor outcome of NB.
However , the mechanism of regulating expresson of
angiogenic factors in tumor cdlsis ill not well ex-
plained. Recent research hasindicated that tumor an-
giogenessis controlled by aterations of oncogene ex-
presson and tumor suppresdr gene expresson. The
TrkA gene might be a suppresor genein NB. Inthis
study , the NB cell line with high expresson of TrkA
was established. Compared with the Empty-Vec and
Control groups, the time of tumor gppearance was
later, tumor growth was dower , tumor volume was
smaler, and the VEGFMRNA expresson, the
V EGF protein expresson and the MV D were lower in
the Experiment group. It is suggested that the onco-

genic ability of the SY5Y-TrkA celswith high TrkA
gene expresson was greatly decreased. The mecha
nism might be that the TrkA gene ocould reduce
V EGF expresson and then inhibit NB angiogeness.
The results in this study were obtained without ex-
ogenous N GF , which waslow in the SY5Y cdls, and
this suggested that the low autophogphorylation of
TrkA at low level of endogenous N GF might be suffi-
cient to causeinhibition of NB angiogenesis®!. Or the
reduction of TrkA on V EGF expresson might be re-
alized through the non- TrkA-N GF pathway.

It wasfound that the high expresson of the Tr-
kA gene in the Experiment group could not fully
block V EGF expresson and angiogeness. It is sug
gested that the regulation of the VEGF expresson
and angiogenesis is a complex procedure, and that
there might be other indirect mechanisms which
downrregulated V EGF and affected the angiogeness
and invason of NB besdes TrkA. Angiogenessof tu-
mors might be regulated by multiple angiogenic fac-
tors in coordination rather than a dngle angiogenic
factor!™°1,

In summary, it is helpful in controlling angio-
genedsof NB to learn about the regulation mechanism
of angiogenessin NB. The research of the roleof Tr-
kA gene on angiogeness of NB provides a new gp-
proach to the treatment of NB.

(Figures are on the back cover)
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( These figures refer to the paper on page 93 )
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Figure 1 Expression of TrkAmRNA

T: SYSY-TrkA cell line: B: SY5Y-Vec cell line; C: SYSY cell line: M: Marker
Figure 2 Expression of VEGFmRNA

M: Marker; C: Control group; E: Empty-Vee group; T: Experiment group
Figure 3 Experssion of VEGF protein in the tumor tissue of the Control group (DAB 40 x )
Figure 4 Expression of VEGF protein in the tumor tissue of the Empty-Vec group (DAB 40 x )
Figure 5 Expression of VEGF protein in the tumor tissue of the Experiment group (DAB 40 x )
Figure 6 MVD of the Contral group (HE)
Figure 7 MVD of the Empty-Vec group (HE)
Figure 8 MVD of the Experiment group {HE)
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Figure 1 Inequality of muscle fiber in size and
endomysial inflammation infiltration in JPM (HE x 400)
2 IPMLHEILE 4 (HE B, x 400)
Figure 2 Fascicular vasculitis in JPM (HE x 400)
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Figure 3 Extensive perifascicular, endomysial and vas-
cular inflammation infiltration, phagocytized muscle fiber,
and constriction or emphraxis in part of vessels in JDM
(HE x 400)

Ea JPMNEEES (HE B2 fn, x 400)

Figure 4 Perifascicular atrophy in JPM (HE x 400)
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