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ABSTRACT
Objective: Neuroblastoma (NB) is the most common cause of solid cancer-related high death
in children. Previous research shows that tumor microenvironment that involved Collagen that
plays an important as heterogeneous role in its tumor microenvironment remodeling. However,
less study has been described the collagen expression in the NB. Therefore, this study aimed to
elucidate the expression of two prominent collagens (COL11A1 and COL4A1) which can be express
abnormally in the NB cancer cohort in Vietnam.
Method: We collect the plasma circulating NB tumor cells and biopsies fromCity Children Hospital
HCM city. These samples were operated with droplet digital RT-PCRmethod to evaluate themRNA
expression of two collagen subtypes: COL11A1 and COL4A1 on five patient biopsies. Internal con-
trol is runwithGAPDH. Characterisation of clinicopathological traits (such as: age, gender, histology,
MYCN amplification and stages) is correlated with the relationship of COL11A1 and COL4A1mRNA
levels.
Results: The results largely confirmed the optimization of COL11A1 and COL4A1 primers and qual-
ified products in droplet digital RT-PCR with internal GAPDH control. In addition, there is a higher
COL11A1 mRNA expression in NB than in healthy control. Moreover, higher COL11A1 was signifi-
cantly linear with high-risk classification (such as stage 3 or 4 comparing versus stage 1 or 2; MYCN
amplification versus MYCN no amplification) in this cancer. In contrast, many of the associations
between NB and COL4A1 were non-linear. Other clinicopathological traits (such as: age, gender,
histology) did not show any significant differences for COL11A1 and COL4A1.
Conclusion: Altogether, this study confirms the COL11A1 could be a potential biomarker to eval-
uate the prognosis of NB disease. The integration of proteomic and genomic profiling should be
added with larger cohort to address the value of COL11A1 in the future.
Key words: Neuroblastoma, collagen, cancer

INTRODUCTION
NB is a pediatric tumor originating from neural crest
cells1. It is a heterogeneous characteristic and may
contribute by epigenetic regulation during neural dif-
ferentiation. Despite multiple cancer-related recom-
mendations for treatment, diagnosis, and follow-up,
strengthening cancer patients’ long-term predictions
remains low survival rate2. In particular, more than
60% of effective therapy can be operated in devel-
oped nations, but only 30% of successful therapy
is recorded in developing countries, including Viet-
nam3. Therefore, it is crucial to find appropriate
markers in cancer diagnosis and prognosis.
There are currently at least 28 different collagen pro-
teins that divided into four subtypes based on their
super-molecule collection, including fibril-forming
collagens, three disrupted helical chains of collagen-
binding to fibril, network-forming collagens, and
membrane anchor collagens4. Type XI collagen is
extracellular minor fibrillary collagen, which codes

for the α1 chain of pro-collagen 11A1 and mature
COL11A15. COL11A1 levels have also been found to
be elevated in many tumor forms, including colorec-
tal, pancreatic, breast, and non-small-cell lung can-
cer, relative to normal tissues, which can be a target
marker for the differential diagnosis of invasive breast
carcinoma. COL4A1 encodes the chain of COL4A1
and secretes it into an extracellular matrix 6. Overreg-
ulated COL4A1 facilitates tumor invasion in bladder
cancer cells via tumor budding activation6. Overex-
pressed COL4A1 also leads to breast cancer cell pro-
liferation and migration7.
To evaluate the two collagens in NB, we examine the
different expression levels of COL11A1 and COL4A1
received on NB liquid biopsy. The study focus on
assessing the expression of COL11A1 and COL4A1
comparing between NB and healthy donors.

MATERIALS ANDMETHODS
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Sample collection and circulating tumor
cell isolation from BP
All samples taken from those diagnosed with NB at
City Children’s Hospital at Ho Chi Minh City. Ethic
reviewer’s committee asserts the ethical document at
the Ho Chi Minh City Children’s Hospital. The pe-
ripheral blood sample of healthy control (BL01) was
used as a positive control for experimental design of
primers (Table 1). Four peripheral blood (PB) sam-
ples were NB05, NB06, NB07, NB08 and one tissue
sample (NB09) from NB patient. Circulating tumor
cells were collected as previously report. In brief,
whole PB shipped in 10 mL blood collection tubes
(BCT) containing a cell-free RNA preservative. Col-
lect up to 4 mL of plasma from centrifuged and Iso-
late circulating RNA using a commercially available
kit Qiagen that captures exosomes, platelets and cell-
free RNA from plasma. Clinical information such as
the patient’s age, stage of the disease, and MYCN am-
plification status was provided by the hospitals.

Total RNA extraction
The total RNA will be extracted by using the Ther-
moFish Company’s GeneJET RNA purification kit.
After extraction, total RNA was quantified and qual-
ified using the nanodrop (Thermo Scientific) and gel
electrophoresis, respectively. The GeneRuler 100 bp
DNA Ladder was used. For tissue, a quantity of
around 30 mg per sample was grinded with 1 ml of
RMPI. The whole mixture was centrifuged to remove
supernatant before 300 µ l of Lysis Buffer (20 µ l of
14,3 M β -mercaptoethanol was applied to each 1 ml
amount of Lysis Buffer) and 600 µ l of diluted Pro-
teinase K were added. They were centrifuged for 10
minutes at 12000 g after incubated at room temper-
ature, and then the supernatant was transferred into
a new tube. 450 µ l of ethanol (96-100 %) was ap-
plied. 700 µ l of lysate was moved into the purifica-
tion column inserted in a collection tube. Then, they
were centrifuged at 12000 g for 1 minute. The flow-
throughwas discarded and the column of purification
was inserted back into the collection tube. This pro-
cess was replicated before all the lysates in the column
were transferred. In the purification column, 700 µ l
of Wash Buffer 1 and 600 µ l of Wash Buffer 2 was
added and centrifuged for 1minute at 12000 g, respec-
tively. Then, the flow-through was discarded and the
column of purification was put back into the collec-
tion tube. After, 250 µ l of Wash Buffer 2 was added
and centrifuged for 2 minutes at 12000 g. The collec-
tion tube was discarded, and a sterile 1,5 mL RNase-
free micro-centrifuge tube was transferred to the pu-
rification column. Finally, 50 µ l of nuclear-free water

was added to the membrane of the purification col-
umn. They were centrifuged at 12000 g to elute RNA
for 1 minute. The column was discarded and the pu-
rified RNA was used.
For the blood sample, 0.5ml of whole blood was cen-
trifuged at 14000 rpm for 10 minutes. The plasma
was removed after centrifugation and the pellet was
re-suspended in 600 µ l of Lysis Buffer, adding 20 µ l
of 14.3 M β -Mercaptoethanol each 1 ml Lysis Buffer
amount. 450 µ l of ethanol (96-100 %) was applied.
The remaining steps were performed in the same way
as tissue sample.

Semi quantitative RT-PCR

Primer design

Primers are designed using an Origene website (Ori-
Gene Technologies Inc.). OriGene offers a battery of
products for gene expression. The specific primers
are checked using Primer blast to perform specificity
checking and avoid primer self-complementary.

First-strand cDNA synthesis

The procedure was performed according to the man-
ufacturer’s instructions using the Revertaid 1st cDNA
Synth Kit of Thermo Scientific. The total RNA was
synthesized to cDNA. The total reaction volume was
20 µ l, including primer set 10 pmol, extracted RNA,
5X Reaction Buffer, RiboLock RNase Inhibitor (20
U/µL), 10 mM dNTP Mix, RevertAid RT and dis-
tilled water. They were mixed gently and centrifuged
briefly. Then, they were incubated at 42◦C, 60 min-
utes. The reaction was completed by heating at 70◦C
for 5 minutes.

Digital droplet RT-PCR

The cDNA was diluted (1:1000) ratio and amplified
using the Thermo Scientific DreamTaq Green PCR
Master Mix kit on the digital droplet PCR-Qiagen.
RT-PCR was set up 2 minutes at 95 for initial denat-
uration and 30 cycles, each consisting of 30 seconds
at 95 , 30 seconds at 55 , and 1 minute at 72 The close
cycle for 10 minutes at 72 . GADPH was used as a
control. The PCR ingredients for 1 reaction were 21
µL of water, nuclease-free, 2 µL of diluted cDNA, 1
µL of each primer and 25 µL of DreamTaqTM Green
PCRMasterMix. The total volume of the reactionwas
50 µ l reaction. For droplet generation, transfer 20 µL
PCR mix to sample wells on the droplet generation
cartridge. Add 70 µL of droplet generation oil and
add droplet generation and then transfer droplets to
PCR plate. Aspirate and dispense the droplets slowly,
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Table 1: List of primer sequences used for RT-PCR

Name
of primer

Sequence 5’-3’ Product length
(bp)

Exon po-
sition

Tm temperature
(oC)

COL11A1-F
COL11A1-R

ATGGACCAGCAGGATTACGTGG
TGTACCTGCTGACCCACGTTCT

143 E40
E42

55
55

COL4A1-F
COL4A1-R

TGTTGACGGCTTACCTGGAGAC
GGTAGACCAACTCCAGGCTCTC

120 E29
E30

55
55

GAPDH-F
GAPDH-R

AGGTCGGAGTCAACGGATTTG
GTGATGGCATGGACTGTGGT

532 55
55

*GAPDH: the control was supplied from the Revertaid first cDNA Synth Kit
F: forward primer, R: reverse primer

over 5 to 6 s each, without touching the opening of the
tip to the droplet cartridge.
Amplification products were analyzed by gel elec-
trophoresis. The Gene-Ruler 1 kb Plus DNA Ladder
was used. 4 µ l of products were separated on 2% gel-
containing agarose gel in a 0.5X TBE buffer at 100V in
30 minutes. The PCR results were obtained by using
UV Trans-illuminator.

Data analysis
Data visualization and correlation were performed
with Prism 8 (Graph-Pad Software Inc). The expres-
sion of the phenotype was performed by the t-test.
Values expressed as means ± SD and P value <0.05
are statistically significant.

RESULTS
Quantitative and qualitative results of the
total RNA collected from samples
The total RNAwas quantitated by using the nanodrop
(Thermo Scientific). Finally, total RNA products were
checked by using gel electrophoresis.
The concentration was the highest in the NB09 spec-
imen (132.16 ng/µ l). The concentration of blood
samples, by comparison, was lower. Four samples of
blood under 60 ng/µ l were obtained, the lowest to-
tal RNA concentration was recorded in sample NB07.
The 260/280 ratio (approximately 2) indicates pure
RNA (Table 2).
All gDNA bands appear in the above of well. We can
see 2 clear bands of 28S and 18S rRNA in lanes of
BL01, NB06 and NB09 samples. In lanes of NB05 and
NB08, there was no presence of the 18s band. In lane
NB07, there were no both 18S and 28S of rRNA (Fig-
ure 1). The theoretical 28S:18S ratio was around 2:1,
and this ratio suggests the intact RNA. However, fur-
ther research was required to see whether there was a
relationship between the amount of RNA profiles and
mRNA integrity.

TheoptimalGAPDHwithinbloodandtissue
samples
Optimization of the GAPDH is important for internal
control and is quantitative to COL11A1 and COL4A1
level. The product of mRNA was shown the best at
55◦C. which illustrated in Figure 2.
Both BL01 and control had the expression of GAPDH
at approriate band of 532 bp. Particularly, the BL01
was much lower than that of the healthy control (Fig-
ure 3). Moreover, the results in Figure 4 showed that
GAPDH expressed in both blood and tissue samples.
The length of the products was 532 bp.

Optimization of amplification products of
COL4A1 and COL11A1 with blood and NB
samples
The gel electrophoresis result from Figure 4 showed
the successful PCR product amplification reaction.
Specifically, the appearance of products at 120bp and
140bp, respectively. There was no discernible change
in most samples in most samples in COL4A1 expres-
sion, except where no expression was observed in the
tissue sample. However, the COL11A1 gene showed a
significant difference between the patients diagnosed
with NB compared with the normal control.

Testing the expression of the COL11A1 and
COL4A1 on NB samples
ThemRNA levels normalized to GAPDH of COL4A1
and COL11A1 were significant differences (P<0.05)
between each group (Figure 5A). Comparing with
the stage I-II, there was a significant difference in
the expression of COL4A1 and COL11A1 (P<0.05).
MYCN non-amplification status has a significant dif-
ference between COL4A1 and COL11A1 (P<0.01).
No significant difference was found in Stage III-IV
and MYCN amplification (Figure 5A). There were no
significant differences in the expression of COL4A1
and COL11A1 in the early stage compared to the later
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Table 2: The quality of the total RNA for first-strand cDNA synthesis

No. Code Concentration (ng/µ l) 260/280 ratio 260/230 ratio

1 BL01 78 2.25 1.83

2 NB05 36.28 2.02 1.84

3 NB06 55,00 2.20 2.04

4 NB07 32.51 2.10 1.72

5 NB08 34.88 2.18 1.67

6 NB09 132.16 2.19 1.87

Figure 1: Visualization of total RNA product by gel electrophoresis

stage. The opposite is true for the MYCN amplifica-
tion (Figure 5B).

Correlation of collagen expression with NB
clinic pathological parameter

COL11A1 expressed positive in all samples of patients
diagnosed with NB at both early (stage 2) and later
stages (stage 3) and not expressed in the normal hu-
man sample, indicating that this gene may help diag-
nose NB. There was a difference in the expression of
COL4A1 in tissue compared to blood samples in this
experiment. Depending on whether MYCN amplifi-
cation is present or not, the patients were divided into
MYCN amplification (n=1) and non-MYCN ampli-
fication (n=5). The expression of mRNA was com-
pared between the two groups to obtain differentially
COL4A1 expressed gene (Table 3).

DISCUSSION
NB cases under 18 months of age were not operated
on, and the obtained samples were over 18 months
old. Therefore, age-based gene expression could not
be compared to the International NB Staging System
Committee (INSS).
The mRNA expression of COL11A1 was significantly
higher in NB samples than in the non-patient sam-
ple in this experiment, but COL4A1 mRNA expres-
sion did not differ significantly between patient sam-
ples and normal samples. In colorectal cancer tis-
sue, COL11A1 mRNA expression was slightly higher
than in normal colonic tissue8. Studies in non-
small cell lung cancer9 and breast cancer10, pancre-
atic cancer11 have also demonstrated increased lev-
els of COL11A1 in tumor tissue compared with nor-
mal tissue. COL11A1 has been related to cancer cell
growth and tumorigenesis in recent studies. Com-
pared to matched neighboring non-tumor gastric tis-
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Figure 2: The GAPDH amplification at control RNA and BL01 samples. *A: The cDNA was diluted (1:1000); B: The
cDNA was diluted (2:1000); C: The cDNA was diluted (3:1000)

Table 3: Clinical diagnosis and the gene expression result of COL4A1 and COL11A1

Code Type Age
(month)

Stage MYCN
amplify

Non-
MYCN
amplify

The ex-
pression of
COL4A1

The
expression of
COL11A1

NB05 Blood 21 2 X + +

NB06 Blood 29 2 X + +

NB07 Blood 76 3 X + +

NB08 Blood 98 3 X + +

NB09 Tissue 85 3 X - +

*+: positive; -: negative
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Figure 3: The GAPDH amplification at NB samples

Figure 4: Blood and NB samples are examined by two different primer sets towards COL4A1(A) or COL11A1(B)
expressions
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Figure 5: Violin box plot of mRNA levels that normalized to GAPDH. (A). Comparison between COL11A1 and
COL4A1; (B). Comparison between stages and MYCN amplification status

sue, COL11A1 mRNA expression was substantially
overexpressed in gastric cancer tissues. Age, tumor
invasion depth, tumor duration, and lymph node pos-
itivity were all found to be strongly positively linked
to COL11A1 mRNA expression. The advanced GC
had slightly higher COL11A1mRNA expression than
the early GC12. More study is required to identify the
mechanisms by which COL11A1 influences the be-
havior of cancer cells. COL4A1 has also been exten-
sively studied for its effects in various types of can-
cer. Overregulated COL4A1 facilitates tumor inva-
sion in bladder cancer cells via tumor budding activa-
tion13. OverexpressedCOL4A1 leads to breast cancer
cell proliferation and migration14. A couple of previ-
ous reports demonstrated that COL4A1 acts as a pro-
moter of angiogenesis and tumor progression.
Of all the patients diagnosed with this NB by a doc-
tor, patient NB09 underwent was surgically removed.
Currently, the patient is still being monitored and so
far, no symptoms have been reported from the doc-
tors at the Ho Chi Minh City Children’s Hospital.
Finally, based on the number of patients with NB, the
patient’s health condition, and the doctor’s treatment
at the Ho Chi Minh City Children’s Hospital, it was
difficult to determine samples during the collection of
results. Therefore, it could not perform this studywith
large cohorts. In addition, RNA is easily degraded
down during transport and storage, so a more rig-
orous procedure is needed to limit the breakdown of
RNA.
This research is a primary test in detecting molecular
diagnostic NB patients in the Ho Chi Minh city chil-
dren’s hospital. COL11A1 and COL4A1 can serve as
an indicator for expanding the samples study.

CONCLUSION
This study indicated that the gene expression of
COL11A1 in patients was higher than that of healthy
people. Moreover, COL11A1 expressed positively in
all samples of patients diagnosed with NB. Thus, the
experiments provided apparent data for the contribu-
tion to NB diagnosis. However, the COL4A1 gene ex-
pression did not show a significant difference between
normal people and those with NB.
The research of COL11A1 amplify the significant
phase in the clinicalmanagement ofNB since it is ben-
eficial for patients withNB to select for treatment at an
early stage and ensures the best result for patients.
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TÓM TẮT
Mục tiêu: U nguyên bào thần kinh (UNBTK) là nguyên nhân phổ biến nhất gây tử vong cao liên
quan đến ung thư ở trẻ em. Nghiên cứu trước đây cho thấy vi môi trường khối u liên quan đến
Collagen đóng vai trò quan trọng trong quá trình tái cấu trúc vi môi trường khối u. Tuy nhiên, ít
nghiên cứu được mô tả về biểu hiện collagen nào đặc trưng trong UNKBT. Vì vậy, nghiên cứu này
nhằm làm rõ sự biểu hiện của hai collagens nổi bật (COL11A1 và COL4A1) có thể biểu hiện bất
thường như thế nào trong nhóm ung thư UNKBT ở Việt Nam.
Phương pháp: Chúng tôi thu thập tế bào khối u UNKBT lưu hành trong huyết tương và sinh thiết
từ Bệnh viện Nhi Đồng TP.HCM. Cácmẫu này được phẫu thuật bằng phương pháp kỹ thuật số dạng
giọt RT-PCR để đánh giá biểu hiện mRNA của hai phân nhóm collagen: COL11A1 và COL4A1 trên
nămmẫu sinh thiết của bệnh nhân. Kiểm soát nội bộ được chạy với mồi GAPDH. Đặc điểm của các
đặc điểm bệnh lý lâm sàng (chẳng hạn như: tuổi, giới tính, mô học, khuếch đại MYCN và các giai
đoạn) liệu có tương quan với mối quan hệ của nồng độ mRNA COL11A1 và COL4A1.
Kết quả: Kết quả phần lớn khẳng định tính tối ưu của mồi COL11A1 và COL4A1 và các sản phẩm
đủ tiêu chuẩn trong kỹ thuật số dạng giọt RT-PCR với kiểm soát GAPDH nội bộ. Ngoài ra, có biểu
hiện mRNA COL11A1 ở NB cao hơn so với đối chứng khỏe mạnh. Hơn nữa, COL11A1 cao hơn có
ý nghĩa tuyến tính với phân loại nguy cơ cao (chẳng hạn như giai đoạn 3 hoặc 4 so sánh với giai
đoạn 1 hoặc 2; MYCN khuếch đại so với MYCN không khuếch đại) trong bệnh ung thư này. Ngược
lại, nhiềumối liên hệ giữa UNBTK và COL4A1 là phi tuyến tính. Các đặc điểm bệnh lý lâm sàng khác
(như: tuổi, giới tính, mô học) không cho thấy bất kỳ sự khác biệt đáng kể nào đối với COL11A1 và
COL4A1.
Kết luận: Nhìn chung, nghiên cứu này khẳng định COL11A1 có thể là một dấu ấn sinh học tiềm
năng để đánh giá tiên lượng của bệnh NB. Việc tích hợp cấu hình hệ protein và hệ gen nên được
bổ sung với nhóm thuần tập lớn hơn để giải quyết giá trị của COL11A1 trong nghiên cứu tương lai.
Từ khoá: U nguyên bào thần kinh, collagen, ung thư
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