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Introduction: Studies have found that Lnc-HCG11 is an important regulator of cancer.

However, the function of Lnc-HCG11 in NSCLC is not known. Therefore, this experimental

design was based on Lnc-HCG11 to explore the pathogenesis of NSCLC.

Methods: RT-qPCR was used to detect the expression of Lnc-HCG11 and miR-224-3p in

NSCLC. The effects of Lnc-HCG11 and miR-224-3p on proliferation and apoptosis of

NSCLC cells were detected by CCK-8 assay, Edu assay and Annexin V-FITC/PI assay.

Target gene prediction and screening, luciferase reporter assays were used to verify down-

stream target genes for lnc-HCG11 and miR-224-3p. Western blotting was used to detect the

protein expression of caspase-3. The tumor changes in mice were detected by in vivo.

Results: Lnc-HCG11 was significantly reduced in NSCLC. Lnc-HCG11 significantly inhib-

ited cell proliferation of NSCLC cells and induced apoptosis. miR-224-3p was significantly

elevated in the NSCLC cell line. Moreover, miR-224-3p significantly increased cell prolif-

eration and inhibited apoptosis of NSCLC cells. Furthermore, Lnc-HCG11 was negatively

correlated with miR-224-3p expression. Lnc-HCG11 over-expression was up-regulated the

expression levels of c-caspase-3 and caspase-3. Finally, the results of in vivo animal models

confirmed that Lnc-HCG11 inhibited tumor growth by modulating the miR-224-3p/c-cas-

pase-3 axis.

Conclusion: Lnc-HCG11 could inhibit the progression of NSCLC by modulating the miR-

224-3p/caspase-3 axis, and Lnc-HCG11 may be a potential therapeutic target for NSCLC.
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Introduction
Lung cancer is one of the most extremely high mortality diseases, with the number

of people on the scene and the number of deaths at the top of the list1,2. Non-small

cell lung cancer (NSCLC) is the most common pathological type of lung cancer.3,4

In recent years, with the development of medical and scientific technology, such as

surgical resection, radiotherapy, chemotherapy, molecular targeted therapy, the

therapeutic effect of lung cancer has made certain progress.5,6 However, due to

the lack of effective early diagnosis methods, most lung cancer patients have

entered the middle and late stages of diagnosis and lost the best chance of

surgery.7,8 The main treatments are radiotherapy, chemotherapy and molecular

targeted therapy.9,10 These treatments have many drawbacks, such as large side

effects, easy recurrence, and poor patient tolerance.11,12 Therefore, finding new

therapeutic targets is very important for the treatment of lung cancer.
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With the deepening of research, Long-chain non-coding

RNA (lnc RNA) play a critical role in the regulation of tran-

scriptional, transcriptional, such as genomic rearrangement,

chromosome modification, and X-chromosome silencing.13

Lnc RNA plays different roles in various biological processes

of cancer cells.14 Lnc RNA take part in NSCLC, and they

regulate the development of NSCLC by stimulating or inhibit-

ing biological processes.15 LncRNA HCG11 is a recently dis-

covered lncRNA.16 LncRNA HCG11 has been reported as

a tumor suppressor of prostate cancer, and has been shown to

have gene regulation in breast cancer.17 Studies have found that

lncRNA HCG11 inhibits apoptosis of liver cancer cells.18

However, the development and mechanism of lncRNA

HCG11 in NSCLC is still unclear.

In recent years, the relationship of lncRNA-miRNAs has

attracted the attention19. The interaction regulation of

lncRNAs and miRNAs is currently a research hotspot.20

Micro RNAs (miRNAs) are an important member of the non-

coding RNA family.21 Studies have shown that miRNAs are

prevalent in malignant tumors.22 Moreover, the expression

level of miRNAs is closely related to the tumor. At present,

miRNAs have become important markers for tumor neoplasia,

progression, metastasis and prognosis, and have become

a research hotspot for tumor targeted therapy.23 miR-224-3p

is themost commonmiRNA,which can participate inmultiple

malignant transformation processes in cells.24 Abnormally

high expression of miR-224-3p in multiple human malignan-

cies has been discovered and confirmed.25 And it has been

found that miR-224-3p is increased in cervical cancer

tissues.26 However, its function and mechanism in NSCLC

is not clear. LncRNA may regulate downstream target genes

through miRNA adsorption processes.27 The core component

of apoptosis is cysteinyl aspartate specific proteinase

(Caspase). Activated Caspase can degrade structural and func-

tional proteins of cells, leading to apoptosis. Caspase-3 is

downstream of the ordered cascade of apoptosis and is the

most important effector Caspase.28 Therefore, it was hypothe-

sized that LncRNA-HCG11 may regulate the progression of

NSCLC throughmiR-224-3p/Caspase-3. Themain purpose of

this study was to investigate the mechanism of lncRNA-

HCG11 in the regulation of NSCLC, and provide a scientific

basis for the search for new drug targets.

Patients and Methods
Research Object
In this study, NSCLC of 20 patients were between 41 and

69 years old with an average age of 53 years. Patients were

confirmed to NSCLC by pathology were not treated with

chemotherapy or radiotherapy before enrollment. Pairs of

NSCLC and paired precancerous tissue specimens were

collected from 30 patients undergoing primary surgical

resection. All patients provided written informed consent.

The study was approved by the ethical committee of

Peking Union Medical College Hospital. All animal pro-

cedures were performed in accordance with the Guidelines

for Care and Use of Laboratory Animals of “ Ethics

Committee of Peking Union Medical College Hospital”

University and approved by the Animal Ethics

Committee of “Animal Ethical and Welfare Committee

(AEWC)”.

Cell Culture
Human lung cancer A549, SPC-A1, H1299, H1650,

H1975 and PC-9 cells and human normal lung epithelial

cells 16HBE were obtained from the American Type

Culture Collection (ATCC, USA). All cells were subcul-

ture in RPMI 1640 medium containing 10% fetal bovine

serum (FBS, FBS, Jitai, Shanghai, China).

Plasmid Construction and Transfection
The miR-224-3p mimetic, miR-224-3p inhibitor (anti-miR

-224-3p) and the corresponding negative control miR

(miR-NC, anti-miR-NC) were purchased from RiboBio

(Guangzhou, China). The HCG11 cDNA sequence was

amplified and introduced into a pcDNA vector (ABM,

Canada) to construct plasmid complementary DNA

HCG11. The shRNA sequences targeting LINC01194

and sh-NC were purchased from Genepharma Co., Ltd

(Shanghai). Cells were transiently transfected with

RNAiMax and Lipofectamine 3000 with Plus Reagent

(Thermo Fisher Scientific). Transfection efficiency was

determined by qRT-PCR.

RNA Isolation, Reverse Transcription and

Quantitative Real-Time PCR (qRT-PCR)
Total RNA in NSCLC cells was extracted by TRIzol

reagent (Invitrogen, Carlsbad, CA). qRT-PCR was per-

formed by a ViiATM 7 real-time PCR system (Jinuo,

Shanghai, China). GAPDH and U6 were used as internal

references. The expression level of lnc-HCG11 and miR-

224-3p was detected by SYBR Premix Ex Taq II (Takara

Biotechnology).29 The primers used in this study are listed

in Table 1.
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CCK-8 Assay
Cell suspensions (100 μL/well) were seeded in 96-well

plates at 2000 cells per well. The medium was changed to

a medium on the second day. The cells were starved for

48 h, and then replaced with PDGF-BB or 15% FBS. It was

detected by CCK8 kit before and after stimulation. 10 μL of

CCK8 solution was added. The absorbance at 450 nm was

measured with a microplate reader. CCK-8 assay was

repeated 3 times.

Edu Assay
In the logarithmic growth phase, the cells were seeded in

96-well plates at 1×105 cells per well. Edu labeling, red

fluorescent staining and Hochest 33342 nuclear counter-

staining were performed according to the Cell-LightTM

Ed U Apollo® 567 In Vitro Imaging Kit instructions. Five

fields were randomly selected under a fluorescence micro-

scope. EdU-labeled cells (red fluorescently labeled cells)

and non-labeled cells were counted, and the percentage of

EdU-labeled cells was calculated. Edu assay was repeated

3 times.

Annexin V-FITC-PI Analysis
The transfected cells were harvested, and stained with

Annexin V-FITC-PI Assay Kit (Solarbio, Beijing, China).

Analysis was performed by a FACS flow cytometer

(Jiyuan, Guangzhou, China). Annexin V-FITC-PI analysis

was repeated 3 times.

Subcutaneous Xenograft Mouse Model
Fifteen male athymic BALB/c nude mice were randomly

divided into three groups. 2×106 A549 cells transfected with

empty vector pcDNA3.0 or plasmid pcDNA3.0-HCG11 or

miR-224-3p mimics were resuspended and injected into the

right side of nude mice (n=5). Then a mouse xenograft

model was constructed. Tumor size was measured twice

a week. All nude mice were sacrificed after 2 weeks and

tumors were dissected. The pathological changes and apop-

tosis of tumor tissues were observed by TUNEL method.

Animal experiments were carried out in strict accordance

with the recommendations of the National Institutes of

Health Laboratory Animal Care and Use Guidelines and

approved by the Scientific Ethics Committee of Peking

Union Medical College Hospital.

TUNEL Staining
Paraffin sections were incubated with TUNEL solution for

60 min and alkaline phosphatase antibody for 30 min. The

sections were re-stained with hematoxylin. The blue-black

nucleus was positive under light microscope. Six samples

were taken from each group.

Ki67 Immunohistochemical Staining
Immunohistochemical staining SP method was used to stain

Ki67 (Ki67 monoclonal antibody, 1:100, Myry Company).

Conventional paraffin sections were dewaxed; 3% H2O2 was

added to the sections for 10 min. After antigen repairing,

normal goat serum sealing solution was added for 20 min.

Then, one anti-50 mL was added for 1 h, and two anti-

50 mL was added for 1 h at room temperature. After that,

it was dyed with DAB for 5 min, re-stained with hematox-

ylin, and dehydrated with conventional paraffin.

Luciferase Reporter Assay
The lnc-HCG11 wild type or mutant binding miR-224-3p

was inserted into the pMIR Basic vector (OBiO Biology,

Shanghai) and designated as pMIR-REPOR-HCG11-wt or

pMIR-REPOR-HCG11-mt. After 24 h of culture, cells

were transfected with miR-224-3p mimic or mock control

or miR-224-3p inhibitor or inhibitor NC (GenePharma,

Shanghai, China) and co-transfected with empty pMIR-.

After 48 h of transfection, luciferase activity was mea-

sured using a dual luciferase assay system (Promega).

Western Blot
The transfected cells were collected, total protein was

extracted, and the protein concentration was quantified

using the BCA Protein Assay Kit. Then it was incubated

with anti-c-caspase-3 antibody (1:1000, Shidai, Shanghai,

China), caspase-3 antibody (1:500, Shidai, Shanghai,

Table 1 Sequences of Primers Used in qRT-PCR

Name Forward Primer (5ʹ-3ʹ) Reversed Primer (5ʹ-3ʹ)

lnc-HCG11 AATGGTGGTAGGAGGGAGGA CACACAGGGGAATGAAGAGG

miR-224-3p CTTCATGTGGCTGATGACCTATG TAGACAATTGGGACGCTGAAGA

GAPDH CGGAGTCAACGGATTTGGTCGTAT AGCCTTCTCCATGGTGGTGAAGAC

U6 CGCTTCGGCAGCACATATACTAA TATGGAACGCTTCACGAATTTGC
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China) and anti-GAPDH antibodies (1:1000, Shidai,

Shanghai, China) overnight. After that, 1:5000 labeled

anti-rabbit secondary antibody for 1 h.30

Statistical Method
The monitoring data were analyzed by SPSS19.0 statistical

software. The results of data analysis were shown as mean ±

standard deviation (mean ±SD). Multigroup data analysis was

based on one-wayANOVA. LSD test was used for subsequent

analysis. P < 0.05 indicated the difference was significant.

Results
The Role of lncRNA HCG11 in NSCLC

Tumorigenesis
As shown in Figure 1A, compared with 16HBE cells, the

expression levels of lncRNA HCG11 were significantly

reduced in the NSCLC lines (A549, H1975, H1299,

H1650, SPC-A1 and PC-9) (P < 0.05). There were no sig-

nificant differences in HCG11 expression levels in NSCLC

lines, A549 cells were selected for further experiments. As

shown in Figure 1B, the expression level of lncRNA HCG11

in NSCLC tissues was significantly reduced than that in

adjacent normal tissues (P< 0.05).

As shown in Figure 1C, compared with the control

group, the expression level of HCG11 was significantly

increased in the pc-HCG11 group (P<0.05), indicating suc-

cessful transfection. As shown in Figure 1D–F, compared

with the control group, HCG11 overexpression was signifi-

cantly inhibited cell proliferation and DNA synthesis

(P<0.05). In addition, HCG11 overexpression was signifi-

cantly inhibited cell invasion and migration. Compared

with the control group, overexpression of HCG11 was sig-

nificantly up-regulated the protein levels of caspase-3 and

c-caspase 3 (Figure 1G, P<0.05). And HCG11 overexpres-

sion was significantly induced apoptosis (Figure 1H,

P<0.05). These data indicated that HCG11 was capable of

consistent NSCLC proliferation and induced apoptosis in

NSCLC.

miR-224-3p Was the Target of

Lnc-HCG11
The results are shown in Figure 2A. Compared with 16HBE

cells, the expression levels of miR-224-3p in the NSCLC

line (A549, H1975, H1299, H1650, SPC-A1 and PC-9)

were significantly increased (P < 0.05). We predicted by

two online prediction tools (miRanda and Starbase v2.0)

and miR-224-3p was identified as a potential target for lnc-

HCG11 (Figure 2B). In addition, compared with the control

group, the expression level of miR-224-3p was significantly

increased in the miR-224-3p overexpressing group

(P < 0.05), indicating successful transfection (Figure 2C).

To validate the predicted results, luciferase reporter assay

was performed using WT-HCG11 or mutant (MUT)-

HCG11 luciferase reporter plasmid. Luciferase activity of

pGL3-REPOR-HCG11-WT was reduced by miR-224-3p

mimic, but there was no significant change in the luciferase

activity of pGL3-REPOR-HCG11-MUT (Figure 2D). In

addition, as shown in Figure 2E, the expression level of

miR-224-3p was significantly reduced in the pcHCG11

group compared with the control group (P < 0.05). In addi-

tion, a significant negative correlation (R2=0.536) between

lnc-HCG11 and miR-224-3p was also observed (Figure 2F).

These results indicated that lnc-HCG11 might exert its

biological function through miR-224-3p.

Lnc-HCG11 Interacted with miR-224-3p

to Regulate Cell Proliferation and

Apoptosis in NSCLC Cells
In order to further analyze whether Lnc-HCG11 acts on

NSCLC cells via miR-224-3p, miR-224-3p mimic and pc

HCG11 were transfected into the A549 cell line. The results

showed that pc HCG11 was significantly inhibited prolifera-

tion and DNA synthesis of A549 cells compared with the

control group, and miR-224-3p mimic significantly induced

proliferation and DNA synthesis of A549 cells. Co-

transfection with miR-224-3p mimic partially abolished the

effect of pc HCG11 on cell proliferation and DNA synthesis

(P < 0.01, Figure 3A and C). And pc HCG11 was signifi-

cantly inhibited invasion and migration of A549 cells com-

pared with the control group, and miR-224-3p mimic

significantly induced invasion and migration of A549 cells.

Co-transfection with miR-224-3p mimic partially abolished

the effect of pc HCG11 on cell invasion and migration

(P < 0.01, Figure 3B). As shown in Figure 3D and E,

compared with the control group, pc HCG11 was signifi-

cantly induced apoptosis of A549 cells and up-regulated the

protein levels of caspase-3 and c-caspase 3. MiR-224-3p

mimic was significantly inhibited apoptosis of A549 cells,

and down-regulated the protein levels of caspase-3 and c-cas-

pase 3. Co-transfection with miR-224-3p mimic partially

abolished the effect of pc HCG11 on apoptosis and protein

levels of caspase-3 and c-caspase 3 (P <0.01). These results

indicated that lnc-HCG11 was promoted apoptosis by pro-

liferating NSCLC cells by modulating miR-224-3p.
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miR-224-3p Directly Interacted with

SOCS6
Based on these results, it was aimed to identify the major

target genes for miR-224-3p. We predicted by bioinfor-

matics and SOCS6 was identified as a potential target for

miR-224-3p (Figure 4A). The luciferase reporter gene

assay is shown in Figure 4B, the expression level of

SOCS6 was significantly inhibited the luciferase activity

of WT- miR-224-3p, but it had no significant effect on the

luciferase activity of MUT miR-224-3p. In addition, com-

pared with the miR-NC group, miR-224-3p mimic signifi-

cantly was reduced cleaved-caspase3 mRNA expression,

Figure 1 Overexpression of HCG11 inhibited cell proliferation and induced apoptosis. (A) Expression and normality of HCG11 in human NSCLC cell lines was determined

by qRT-PCR. (B) Expression levels of HCG11 in normal lung tissue and human NSCLC tissues (n = 20) was determined by qRT-PCR. (C) HCG11 mRNA levels in A549 cells

was determined by qRT-PCR. *p<0.05. (D) Edu staining was used to determine the A549 cells proliferation. (E) Transwell was used to determine the A549 cells invasion and

migration. (F) CCK8 was used to determine the A549 cells viability. (G) Western blotting was used to determine the expression levels of caspase 3 and C-caspase-3 in A549

cells. (H) Cell apoptosis was determined by Annexin V-FITC/PI staining. n = 3, *p<0.05.
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while pc HCG11 was significantly increased the mRNA

expression of SOCS6 in A549 cells (P<0.01, Figure 4C

and D). These results indicated that SOCS6 was a direct

target of miR-224-3p.

HCG11 Displayed the Strong Therapeutic

Effect on NSCLC in Mice
The effect of HCG11 on the progression of NSCLC was

further determined in vivo. Compared with the control

group, the tumor volume and weight of mice in the pc

HCG11 group were significantly reduced, and the tumor

volume and weight of the mice in the miR-224-3p mimic

group were significantly increased, while co-transfection with

miR-224-3p mimics was reversed the effect of pc HCG11 on

tumor volume and weight of mice (P <0.01, Figure 5A–C). In

addition, Ki-67 immunochemical staining results showed that

there were fewer Ki67-positive cells in the tumor tissue of pc

HCG11 group, more Ki67-positive cells in the tumor tissue of

miR-224-3p mimic group, and Ki67-positive cells in tumor

tissues were significantly increased after co-transfection of

miR-224-3p mimics (Figure 5D). Moreover, TUNEL staining

showed that pcHCG11 was significantly induced apoptosis,

miR-224-3p mimic was significantly inhibited apoptosis, and

reversed the apoptosis by co-transfection with miR-224-3p

mimic (Figure 5E).

Discussion
Malignant tumors have become the killer of human health.31

NSCLC accounts for the vast majority of all types of lung

cancer. Therefore, NSCLC has become the focus and diffi-

culty of global cancer prevention and treatment.32 About 60%

of lung cancers have undergone distant metastasis at the time

of diagnosis, and their five-year survival rate is only 4%.33

The NSCLC transfer is complex, multi-factor dynamic pro-

cess, and its molecular mechanism is still unclear. Therefore,

the mechanism of tumor metastasis is great significance of

therapeutic targets for the development of NSCLC.

In recent years, studies have shown that the occurrence

of NSCLC is closely related to the abnormal expression of

Figure 2 HCG11 regulated the expression of miR-224-3p in NSCLC cells. (A) Expression of miR-224-3p mRNA levels in NSCLC cell lines was determined by qRT-PCR. (B)
Putative target sequence of miR-224-3p on the 3ʹ-UTR of HCG11. (C) miR-224-3p mRNA levels in A549 cells under different treatment conditions. (D) Detection of

luciferase activity by luciferase reporter assay. (E) Effect of pcHCG11 on miR-486-5p mRNA levels was determined by qRT-PCR. (F) The expression relevance between miR-

224-3p and HCG11 was analyzed by Spearman correlation analysis. *P <0.05, n = 3.
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genes.34 The abnormal expression of genes is the intrinsic

factor and molecular basis of the initiation, deterioration

and metastasis of lung cancer. LncRNAs play an important

role in biological behaviors.35 Some tumors are also inex-

tricably linked to lncRNA.36 In recent years, it has been

found that lncRNAs play a role in promoting or suppres-

sing in NSCLC. For example, HOTAIR is higher in

NSCLC tissues, and some patients with poor prognosis,

such as brain metastasis, have higher expression levels of

HOTAIR.37 Further studies have found that HOTAIR can

promote cell proliferation of NSCLC.38 Previous studies

have found that lncRNA HCG11 is involved in the devel-

opment of lung cancer, liver cancer and other tumors.18

Studies have found that the down-regulation of HCG11

expression in prostate tissue is associated with a low sur-

vival rate in PCA.18 Our study found that the expression of

Figure 3 Lnc-HCG11 exerted a biological effect on NSCLC cells by modulating miR-224-3p. (A) Edu staining was determined for A549 cells proliferation. (B) Transwell was
used to determine the A549 cells invasion and migration. (C) CCK8 was determined for A549 cells viability. (D) Cell apoptosis was determined by Annexin V-FITC/PI

staining. (E) Western blotting was used to determine the caspase 3 and C-caspase-3 levels in A549 cells. n = 3, *P <0.05, **P<0.01.
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lncRNA HCG11 in NSCLC was significantly decreased,

and lncRNA HCG11 overexpression could inhibit the pro-

liferation and induced cell apoptosis. And lncRNA HCG11

overexpression was inhibited tumor growth in mice, so

lncRNA HCG11 as a tumor suppressor gene could up-

regulate its expression to achieve the goal of controlling

NSCLC development.

As a target of lncRNA, miRNA is the most widely studied

non-coding RNA, which can regulate cell proliferation, differ-

entiation and apoptosis by degrading target mRNA or inhibit-

ing its translation. miRNAs play a part in the regulation of

various biological behaviors of tumor cells, such as apoptosis,

migration and play the role of oncogenes or tumor suppressor

genes.39 Studies have confirmed that lncRNA HOXA11-AS

can promote the development of NSCLC by miR-200b in

NSCLC.40 miR-224-3p acts as a tumor activator in many

types of cancer.41 In addition, overexpression of miR-224-5p

can increase its resistance by down-regulating PRKCD in

ovarian cancer cells.42 Further studies have shown that miR-

224-5p plays a role in tumor-promoting genes in NSCLC, its

high expression contributes to cell proliferation and metasta-

sis, and participates in the regulation of NSCLC formation and

progression.43 This study was consistent with the literature,

and miR-224-5p was the target gene for lncRNAHCG11. The

expression of miR-224-5p was significantly increased in

NSCLC cells, and lncRNA HCG11 regulated its expression

by targeting the 3ʹUTR of the miR-224-5p gene. LncRNA

HCG11 was significantly negatively correlated with miR-224-

5p. miR-224-5p mimic partially abolished the effect of

lncRNA HCG11 on cell proliferation and apoptosis. These

results indicated that lncRNAHCG11might inhibit the growth

of NSCLC cells by regulating miR-224-5p.

In recent years, there have been reports of interactions

between miRNA and lncRNA, targeting and regulating

related pathways.44 Caspase-3 is the most important

executor and terminal cleavage enzyme in the process of

apoptosis.45 Activated caspase-3 can cleave poly (ADP-

ribose) polymerase PARP, which in turn increases endo-

nuclease activity and cleaves DNA between nucleosomes

to induce apoptosis.46 In this study, it was found that

cleaved-caspase3 was a potential target for miR-224-5p,

and miR-224-5p could regulate its expression by targeting

the 3ʹUTR of the cleaved-caspase3 gene. In addition, miR-

224-3p mimic was significantly reduced the expression

level of cleaved-caspase3, while pcHCG11 significantly

increased the expression level of cleaved-caspase3.

Moreover, co-transfection of pcHCG11 with miR-224-3p

mimic partially cleared the effect of pcHCG11 on the

protein level of caspase3 and cleaved-caspase3. These

indicated that lncRNA HCG11 could inhibit the prolifera-

tion of NSCLC by modulating the miR-224-3p/cleaved-

caspase3 axis.

Figure 4 SOCS6 was a direct miR-224-3p target. (A) Putative target sequence of miR-224-3p on the 3ʹ-UTR of SOCS6. (B) Detection of luciferase activity by luciferase

reporter assay. (C) The effect of miR-224-3p on SOCS6 mRNA levels was determined by qRT-PCR. (D) The effect of HCG11 on SOCS6 mRNA levels was determined by

qRT-PCR. *P <0.05, n = 3.
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Conclusion
Lnc RNA HCG11 promote apoptosis of NSCLC by reg-

ulating miR-224-3p/caspase3 axis, suggesting that

lncRNA HCG11 might be a potential tumor suppressor

gene of NSCLC. It would provide theory bases for the

clinical prognosis of this tumor and further targeted inter-

vention therapy.
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