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a b s t r a c t

Oncolytic virus is an emerging anti-cancer strategy. However, extracellular matrix (ECM), as a physical

barrier, limits virus spread within the tumor. To overcome the obstacle, we constructed a recombinant

Newcastle disease virus (NDV) expressing matrix metalloproteinase (MMP8) (NDV-MMP8) using with re-

verse genetic technology. In vitro, NDV-MMP8 was identified and verified by WB and ELISA. Cell viability

was detected by CCK-8 assay. In vivo, we established two liver cancer xenograft models. NDV-MMP8 was

injected into the tumor to observe the tumor volume and survival of mice. The changes in extracellular

matrix were observed by Masson’s trichrome staining. Virus expression in tumor tissues was detected

by immunofluorescence assay. The virus titer in tumor tissues was detected by TCID50. Histopathological

changes were detected by hematoxylin and eosin (HE) and terminal deoxynucleotidyl transferase dUTP

nick end labeling (TUNEL) staining. Intratumoral administration of NDV-MMP8 can effectively degrade

ECM, promote the spread of the virus within the tumor, and reduce tumor growth rate. Therefore, the

method of increasing intratumoral virus accumulation by degradation of the ECM to enhance the on-

colytic effect has great potential for clinical application.

© 2021 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Liver cancer is one of the most common gastrointestinal tumors

with its increasing incidence. The overall survival rate and recur-

rence rate of patients are still not ideal, and the prognosis is poor

[1-3]. Therefore, a new strategy is needed to improve the thera-

peutic effect of liver cancer.

Newcastle disease virus (NDV) is an avian paramyxovirus in the

genus Avulavirus [4]. NDV can replicate efficiently in tumor cells,

induce apoptosis, and exhibit oncolytic effect [5-7]. In recent years,

it has been considered one of the most promising oncolytic viruses

by scientists [8]. However, wild-type NDV has not achieved the de-

sired therapeutic effect. With the development of genetic engineer-

ing, researchers modified NDV by inserting target genes to con-

struct oncolytic virus with specific functions, further enhancing its

oncolytic effect [9-11].
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Extracellular matrix (ECM) is a network complex composed of

highly cross-linked proteins present in all tissues and organs. How-

ever, ECM limits intratumoral spread and penetration of drugs

[12-16]. Studies have found that the poor spreading of the virus is

related to ECM physical barrier within the tumor [17,18]. Therefore,

ECM as a therapeutic target may be a feasible method to increase

the transmission of oncolytic viruses.

Matrix metalloproteinase 8 (MMP8) is the member of colla-

genase subgroup in the MMP superfamily [19]. It is produced by

neutrophils [20]. It is also found in epithelial cells, fibroblasts,

macrophages, and endothelial cells [21,22]. MMP8 has proteolytic

activity [23], and its ability to degrade collagen which is the main

component of ECM, is higher than that of MMP1 and MMP13 [24].

In addition, MMP8 can cleave other proteins, including proteogly-

cans, fibronectin, and fibrinogen [25].

At present, studies have shown that recombinant oncolytic

viruses expressing ECM degrading enzymes (such as relaxin [26],

MMP9 [27], and hyaluronidase [28]) can enhance virus distri-

bution in tumor masses and improve the effect of anti-tumor

[29-31]. In addition, remodeling the ECM of tumor tissue us-
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Fig. 1. Construction and characteristics of recombinant virus. (A) Structural diagram of the recombinant virus. (B) Expression of MMP8 in HepG2, MHCC97H cells by Western

blot. 1, NDV group. 2, NDV-MMP8 group. (C) Secretion level of MMP8 in the supernatant of HepG2 and MHCC97H cells by ELISA in triplicate. (D) Cell viability at the indicated

MOI and time points by CCK8 kit in triplicate. Data represent mean ± SD (n = 3).

ing collagenase delivery improves the distribution of the virus in

the tumor [32-35]. In this study, we constructed a recombinant

NDV expressing MMP8 and observed its anti-tumor therapeutic

effect.

The NDV LaSota strain was used to construct the re-

combinant NDV-MMP8. The DNA fragment encoding human

MMP8 (Gene bank Accession No. XM_011542836) was iso-

lated from the plasmid PcDNA3.1-MMP8 (Sangong Biotech,

China) with the following primer pair: 5′-AGGTCCAACTCTGTTT
AAACTTAGAAAAAATACGGGTAGAAGTGCCACCATGTTCTCCCTGAAG-3′
and 5′-ATTGCCGCTTGGGTTTAAACGCCATATCTACA-3′ . The ampli-

fied MMP8 gene cDNA was sequenced and cloned into Pme I

site between the P and M genes of the NDV LaSota [36]. The

resultant plasmid encoding MMP8 gene was named pLa-MMP8.

The recombinant NDV viruses were then rescued by transfecting

BSR T7/5 cells with pLa-MMP8 along with the three helper plas-

mids, namely, pBSNP, pBSP, and pBSL [37]. The supernatant was

harvested after 72 h at 37 °C, and then incubated into the nine-

day-old embryonated SPF eggs. The allantoic fluid was harvested,

and the virus was identified by hemagglutination assay using

chicken red blood cells at 72 h post-infection. The recombinant

virus was named as NDV-MMP8 (Fig. 1A).

To confirm the expression of MMP8, HepG2 and MHCC97H cells

were infected with NDV-WT or NDV-MMP8 at MOI of 1 for 48 h.

The expression of MMP8 in HepG2 and MHCC97H cells infected

with virus was confirmed by Western blot (Fig. 1B). To assess the

level of MMP8 expession mediated by recombinant virus, HepG2

and MHCC97H cells were treated with NDV-MMP8 at MOI = 2, 5,

10. Two days after infection, the expression level of MMP8 in cul-

ture supernatants was assessed by ELISA. As shown in Fig. 1C, the

results indicated that MMP8 expression was dose-dependent. To

examine the cytopathic effect in vitro, cell viability was detected

by CCK8 assay at 24, 48, 72 and 96 h. As shown in Fig. 1D, NDV-

MMP8 effectively inhibit the proliferation of tumor cells, cell via-

bility gradually decreased in time-dependent and dose-dependent

conditions.

To analyze whether NDV-MMP8 degraded ECM, we established

tumor xenogeneic mode by subcutaneously injecting six-week-old

male BALB/c nude mice with 5 × 106 HepG2 and MHCC97H cells.

Animal experiments were authorized by the Animal Use and Care

Committee of Guangxi Medical University. Tumors (100–150 mm3)

received three intratumoral injections of PBS or 107 PFU of each

Fig. 2. NDV expressing MMP8 effectively degrades ECM collagen. In the established

HepG2 and MHCC97H cancer models, intratumoral injections of 200 μL PBS, 107

PFU NDV and 107 PFU NDV-MMP8 were performed every other day for three times.

The tumors were collected on the third day after the last injection. (A) Expression of

collagen by Masson’s trichrome staining. Image magnification: × 400. (B) The per-

centage of collagen area. Data represent mean ± SD (n = 8). Statistical significance

was determined by one-way ANOVA test (∗∗∗P < 0.001).

virus once every other day. Three days after the last injection of

virus, the mice were put to death after anesthesia, and the tu-

mor tissues were collected. We studied the expression of colla-

gen in Masson’s trichrome staining, the percentage of collagen area

was analyzed in multiple images with Image Pro-Plus software. As

shown in Fig. 2, PBS group and NDV-WT group had extensive colla-

gen distribution, and NDV-MMP8 group significantly decreased col-

lagen content (P < 0.001). These results demonstrate that MMP8

effectively degrade the collagen of ECM, weaken the virus trans-

mission barrier.
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Fig. 3. NDV expressing MMP8 enhances the spread of the virus in liver cancer

model. In the established HepG2 and MHCC97H cancer models, intratumoral injec-

tions of 200 μL PBS, 107 PFU NDV and 107 PFU NDV-MMP8 were performed every

other day for three times. The tumors were collected on the third day after the last

injection. (A) Virus expression and distribution by immunofluorescence assay. Mag-

nification: × 400. (B) Virus titer of tumor tissue homogenate (TCID50/g tissue). Data

represent mean ± SD (n = 3).

To evaluate whether the expression of MMP8 and collagen

degradation improved the spread of intratumoral virus, the fluo-

rescent signal of expressing NDV as a sign of virus spread was

detected by immunofluorescence assay. As shown in Fig. 3A, the

NDV-MMP8 group detected more fluorescence signal of NDV in the

tumor tissue than the NDV-WT group. To test whether NDV-MMP8

can increase the viral load of tumors, the virus titer of NDV-WT

group and NDV-MMP8 group was analyzed by TCID50 assay. We

use the homogenized lysate of tumor tissue to detect the virus titer

on BSR T7/5 cells. As shown in Fig. 3B, in the HepG2 and MHCC97H

tumor models, the average virus titers of the NDV-MMP8 group

were 8.3 times and 10.2 times that of the NDV-WT group, re-

spectively. These findings indicate that NDV-MMP8 increase virus

distribution by degrading ECM, and increase the number of intra-

tumoral infectious virus particles.

To explore the therapeutic effect, the tumor tissue was esti-

mated by histological assay. HE staining (Fig. 4A) showed the tu-

mors treated with NDV-MMP8 had a large number of necrotic

areas with pyknosis and fragmentation of their nuclei, where as

necrotic areas were rarely detected in tumors in other groups.

TUNEL staining (Fig. 4B) showed that the NDV-MMP8 group had

a larger area of apoptotic tumor cell, and few apoptotic cells were

detected in the other two groups. The percentage of positive cells

was analyzed in multiple images with Image Pro-Plus software. As

shown in Fig. 4C, we found that the apoptotic cells in the NDV-

MMP8 group were significantly higher (P < 0.001) than the PBS

group and the NDV group. These results suggest that NDV-MMP8

improve the ability to induce tumor cell apoptosis.

To evaluate the anti-tumor effect of NDV-MMP8, we used six-

week-old male BALB/c nude mice injecting with 5 × 106 HepG2

and MHCC97H cells to establish two liver cancer xenograft mod-

els. When tumors reached 150 mm3, mice were randomized and

Fig. 4. Histological staining and TUNEL staining. In the established HepG2 and

MHCC97H cancer models, intratumoral injections of 200 μL PBS, 107 PFU NDV and

107 PFU NDV-MMP8 were performed every other day for three times. The tumors

were collected on the third day after the last injection. (A) HE staining. Magnifica-

tion: × 400. (B) TUNEL staining. Magnification: × 400. (C) The percentage of TUNEL

positive cells. Data represent mean ± SD (n = 8). Statistical significance was deter-

mined by one-way ANOVA test (∗∗∗P < 0.001).

divided into three groups. Seven mice in each group were used

to observe tumor volume, and ten mice in each group were used

to observe mice survival. Mice were treated with intratumoral in-

jections of 200 μL 107 PFU NDV-WT or NDV-MMP8 or PBS ev-

ery other day for five times. Tumor progression was monitored

every other day, and tumor volume was calculated using the

following formula: 0.5 × X × Y2 (X: length, Y: width). At the

same time, the survival of mice was observed every day. In the

HepG2 xenograft model (Fig. 5A), the tumors in the PBS group

and the NDV-WT group grew rapidly, and the tumor volume in-

creased by 9.61 times and 4.7 times on the 30th day. However,

the tumors in the NDV-MMP8 group showed slow growth rates,

and the tumor volume only increased by 2.67 times. Similar re-

sults were obtained from the MHCC97H xenograft model (Fig. 5B),

the tumors of the PBS group and NDV-WT group increased by

10.4 times and 5.1 times, and only 2.69 times in the NDV-MMP8

group.

Oncolytic viruses (OVs) are emerging promising anti-cancer

agents. OVs can selectively replicate in tumor cells and induce sys-

temic anti-tumor immunity [38]. With the characteristics of ef-
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Fig. 5. Anti-tumor effect in liver cancer xenograft model. When the average tumor volume of mice reached 150 mm3, tumors were injected with NDV or NDV-MMP8

intratumorally every other day for five times. (A) Tumor volume (n = 7) and Kaplan–Meier survival curve (n = 10) in HepG2 cancer xenograft models. (B) Tumor volume

(n = 7) and Kaplan–Meier survival curve (n = 10) in MHCC97H cancer xenograft models. A caliper is used to measure the size of the tumor. Data represent mean ± SD (∗P
< 0.05, ∗∗∗P < 0.001).

fective oncolytic effect and non-pathogenic to humans, NDV is an

ideal natural OV in cancer treatment. However, due to the body’s

strong immune effects and cross-linked extracellular environment,

NDV has an attenuated effect on the human body [17]. In this re-

search, virus-mediated gene encoding ECM-degrading protein pro-

motes virus spread and enhances therapeutic efficacy.

MMP8 is the first matrix metalloproteinase to be used as an

anti-target for cancer therapy [39]. Some studies have shown that

MMP8 has the potential to inhibit tumorigenesis or metastasis [40-

42]. The anti-tumor effect of the recombinant virus shown in this

study may also be related to the anti-cancer mechanism of MMP8.

Here, MMP8 only plays the role of degrading ECM or jointly plays

its anti-tumor effect, which needs to be further explored and stud-

ied. However, studies have shown that intratumoral administration

of NDV activated innate immunity and increased the expression of

T-cell costimulatory receptors. Next, further work is required to re-

search the mechanism of immune feedback such as CTLA-4 and

ICOS induced by NDV [43].

In conclusion, our research shows that the Newcastle disease

virus expressing MMP8 overcomes the ECM barrier, improves the

transduction and transmission efficiency of the virus, and increases

anti-tumor efficacy. We believe that the new strategy of promoting

viral spread by degrading stromal barriers to enhance therapeutic

efficacy has broad prospects in clinical research and treatment.
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