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Abstract

Pancreatic cancer is an aggressive malignant disease and the efficacy of current treatments for 

unresectable diseases is quite limited despite recent advances. Gene therapy/virotherapy strategies 

may provide new options for treatment of various cancers including pancreatic cancer. Oncolytic 

adenovirus shows an antitumoral effect via its intratumoral amplification and strong cytocidal 

effect in a variety of cancers and it has been employed for the development of potent oncolytic 

virotherapy agents for pancreatic cancer. Our ultimate goal is to develop an oncolytic adenovirus 

enabling treatment of patients with advanced or spread diseases by systemic injection. Systemic 

application of oncolytic therapy mandates more efficient and selective gene delivery and needs to 

embody sufficient antitumor effect even with limited initial delivery to the tumor location. In this 

review, the current status of oncolytic adenoviruses from the viewpoints of vector design and 

potential strategies to overcome current obstacles for its clinical application will be described. We 

will also discuss the efforts to improve the antitumor activity of oncolytic adenovirus, in in vivo 
animal models, and the combination therapy of oncolytic adenovirus with radiation and 

chemotherapy.
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1. Why oncolytic adenoviruses for cancers?

New technology for the detection of cancer is advancing day by day, including anatomical/

functional imaging and bio-markers[1]. Despite this progress, many cancer patients are 

found with advanced stage/spread disease, even at the time of initial diagnosis. At an 

advanced stage, the tumor can no longer be completely treated with a locoregional treatment 

such as surgery. The progression of cancer to metastatic stage thus imposes a major 

challenge to effective disease control. Specifically, pancreatic cancer represents a classic 

*Corresponding author: Masato Yamamoto, MD, PhD, Co-Director, Professor, Division of Basic and Translational Research, 
Department of Surgery, University of Minnesota, Address: 420 Delaware St SE, MMC195, Minneapolis MN 55455, USA, 
yamam016@umn.edu, Phone: +1-612-624-9131, Fax: +1-612-624-9080. 

HHS Public Access
Author manuscript
Curr Cancer Drug Targets. Author manuscript; available in PMC 2018 October 14.

Published in final edited form as:
Curr Cancer Drug Targets. 2018 ; 18(2): 153–161. doi:10.2174/1568009617666170222123925.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



example of the difficulties faced upon treating this metastatic stage disease. Despite recent 

advances in cancer detection and treatment, neither early detection nor treatment of 

advanced lesions has led to the improvement of therapeutic outcomes in the patients. 

According to the American Cancer Society, for all stages of pancreatic cancer combined, the 

one-year relative survival rate is 29% and the five-year rate is 7%[2]. The highest cure rate 

occurs if the tumor is truly localized to the pancreas; however, this stage of disease accounts 

for less than 20% of cases.

The current major options for treatment of pancreatic cancer are a combination therapy of 

surgery and chemo/chemoradiation. Early stage pancreatic cancer can often be treated and 

even cured with surgery and chemo/radiation therapy. If surgery is not possible, the 

treatment option is chemo/chemoradiation therapy and palliative care. The most common 

chemotherapy agents used to treat late stage pancreatic cancer are FOLFIRINOX [FOL 

(folinic acid (Leucovorin)) + F (fluorouracil) + IRIN (irinotecan) + OX (oxaliplatin)] and 

nab-paclitaxel (Abraxane) + gemcitabine combination[3]. However, even with the strongest 

chemotherapy, remission of the metastatic or locally spread pancreatic cancer is rarely 

observed. In order to improve the clinical outcome of patients with advanced cancers, it is 

imperative to develop new approaches for treatment of these patients. Such demand is 

particularly high in the case of pancreatic cancer[4].

Gene therapy strategies provide new options for treatment of various cancers. Oncolytic 

virotherapy is a one of the most promising anti-cancer agents and, it has been employed for 

antitumoral potency via its intratumoral amplification and its strong oncolytic effect. Among 

them, herpes simplex virus (T-VEC, Talimogene laherparepvec, also known as OncoVEX 

GM-CSF), is showing positive outcomes in clinical trial and was recently approved by the 

US Food and Drug Administration (FDA) for use on unresectable melanoma[5,6]. Thus, 

oncolytic virotherapy is becoming increasingly popular for the treatment of many different 

forms of cancer.

Our group has been developing a series of oncolytic adenoviruses (OAds) in order to use for 

clinical application[7]. Many groups, including our own, have used adenoviruses (Ads) as a 

basis for the development oncolytic agents because of the many clinically beneficial 

attributes and the existing rich knowledge of the adenovirus vector system[7,8]. Adenovirus 

vectors are known for their high in vivo gene-delivery efficiency[9], a very desirable trait 

and a key requirement for anti-tumor effect. In contrast to enveloped viruses released from 

cells through budding, the lytic life cycle of Ad involves the infection, replication in, and 

eventual destruction of host cells[10]. This characteristic is directly exploitable for 

oncolysis. The Ad is genetically stable, and the virus genome does not integrate in to the 

target cell genome, meaning there is no genotoxicity[9]. Adenoviral infection is mediated by 

precise protein-protein interactions rather than lipid membrane fusion, which permit the 

configuration of stringent transductional targeting systems.

When we used the conventional Ad vector for cancer treatment, it raises some concerns, 

some of which are a relatively short duration of transgene expression and immunogenicity. 

Considering the required features for therapeutic application, these shortcomings become 

minor details compared to the significant benefits for its application in oncolytic virus 
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development. The short duration of transgene expression is mitigated by the production of 

progeny virus in the tumor. Also, immunogenicity is not necessarily a problem considering 

the benefit of immunostimulation observed with T-VEC[5,6]. In this sense, the Ad is a 

highly suitable virus system for in vivo gene delivery applications and cancer therapy.

2. Replication-based control oncolytic adenoviruses

Conventionally, adenoviral gene therapy has been performed in a replication deficient 

system to avoid the possibility of toxicity resulting from adenoviral replication. To improve 

the antitumor efficacy without sacrificing specificity and safety, conditionally replicative 

adenoviruses (CRAds) have been developed. The basic concept of CRAds as oncolytic 

agents is that viruses replicate in tumor cells only and the subsequent lateral spread of 

progeny virus to surrounding tumor cells facilitates a dramatic amplification of the 

therapeutic effect leaving surrounding normal cells unharmed (Figure 1). To date, two types 

of CRAds have been designed to replicate selectively in tumor cells: mutation-based and 

cancer-specific promoter based.

The first type of CRAds involved some mutations or deletion in the E1 region, which 

allowed replication in specific tumors only[11–13] (Figure 2A). The Ad mutant dl1520 (or 

ONYX-015) lacks the E1B region and was intended to achieve selective replication in 

cancer cells with mutated p53[11]. Also, AdΔ24 is another E1A-mutation type CRAd which 

theoretically restricts replication to cancer cells with mutated pRb[13].

The second type of CRAds are driven by tumor-specific promoters (TSPs). This type of 

CRAds relies on cancer-specific, promoter-controlled transcription of the E1 region (Figure 

2B). Since the E1A protein is necessary for Ad replication, promoter-controlled Ad can 

replicate only in cells where the controlling promoter is active. For example, OBP-301 was 

engineered to express E1A under the control of the human telomerase reverse transcriptase 

(hTERT) promoter, which is activated in various types of human cancer cells, including 

pancreatic cancer [14]. AduPARE1A virus drives the E1A gene under the control of the 

urokinase-type plasminogen activator receptor (uPAR) promoter and showed its selective 

replication and its strong antitumor activity in pancreatic cancer models [15,16]. Our group 

developed OAd controlled by cyclooxygenase-2 (Cox-2), Cox2-CRAd, for gastrointestinal 

cancers (e.g. pancreatic cancers[17], esophageal adenocarcinomas [18], and peritoneal 

dissemination of gastric cancer[19]). Also, we have recently generated a new CRAds that are 

targeted to Human Papilloma Virus (HPV)-positive head and neck squamous cell 

carcinomas (HNSCC). These CRAds included small deletions in the E1A region of the 

genome (Δ24 or CB016) intended to allow for selective replication in HPV-positive cells, 

and they demonstrated excellent in vitro and in vivo therapeutic effects[20].

As an emerging strategy for CRAd replication control, post-transcriptional control can also 

be used. Micro-RNAs (miRNA) are short RNAs expressed in the cells, which determine 

many aspects of the cell characteristics. By placing an miRNA binding sequence into the 

context of adenovirus E1A regions, replication can be restricted to the target cells (e.g. 

cancer cells)[21]. Also, the 5′ or 3′ UTR placed on E1A regions can enable cancer 
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specificity[22,23]. The replication-selective Ad eliminates the cytocidal effect in non-cancer 

cells.

3. Adenoviral transductional targeting and its application to oncolytic 

viruses

A lack of good strategy to control “binding and entry” of adenovirus vector (also known as 

transductional targeting) has been a major issue for the development of OAds. The OAd 

infectivity in many cancers (e.g. gastrointestinal cancers, pancreatic cancers, esophageal 

adenocarcinomas, ovarian cancer) is extremely low due to poor expression of the adenoviral 

primary receptor (Coxsackie adenovirus receptor, CAR), as reported by several groups, 

including our own[18,24]. Therefore, it is reasonable to develop a vector system that can 

transduce the target cells via another receptor. In order to solve this issue, our lab and several 

others have incorporated CAR-independent infection capabilities into OAd, as shown in 

Figure 3. Since the discovery that the “knob” domain within the Ad wild-type fiber region is 

responsible for CAR binding (Figure 3A) it has become a major target for infectivity 

enhancement. There are several ways to generate an infectivity-enhanced OAd: insertion of 

binding motif into Ad fiber (Figure 3B), switching subtype (Figure 3C), chimeric fiber 

(Figure 3D), mosaic fiber (Figure 3E), and bridging molecule (Figure 3F).

One of the most successful extrinsic binding motifs for infectivity enhancements is the 

incorporation of the RGD-4C motif into the HI-loop of the fiber knob region[25,26] (Figure 

3B). The RGD-4C motif is a partial peptide sequence of fibronectin identified by phage 

library screening[27]. When it was incorporated into the HI-loop of the fiber-knob region, 

the Ad vector showed CAR-independent infection of the target cells. Also, OAd with this 

motif showed an improved cytocidal effect in CAR negative cancer cell lines in vitro and in 
vivo[24,28].

Most Ad vectors to date are based on subtype 2 or 5. Both of them are using CAR for 

binding and run into the problem of poor transduction efficiency in cancer cells. 

Interestingly, there are other serotype Ad vectors that do not use CAR as their primary 

receptor. For example, Ad35 uses CD46[29], and Ad3 uses desmogrin-2 and CD46 as its 

receptor for initial binding[30]. Thus, the infection of these viruses is CAR-independent. 

There are several more approaches for changing tropism of adenoviral vectors. One 

approach is to make a vector fully based on alternate subtype vectors (Figure 3C), another is 

to design an Ad2/5 based vector with an alternate subtype’s binding domain incorporated 

(chimeric or mosaic) (Figure 3D and E), and the other approach is a bridging molecule-

based method (Figure 3F). Switching subtype method has the advantage that all parts of the 

capsid consist of alternate subtype Ad proteins such as Ad3, resulting in distribution 

assumed to be identical to the parental virus. However, there is a risk of reduced virus 

replication and cytocidal effect in this approach because other subtype’s oncolysis is not 

necessarily as strong as that of Ad2/5. As for the bridging molecule-based method, it can 

achieve the precise selectivity embodied by employing a high affinity/specificity antibody 

(Ab), or by using a specific binding motif for the target moiety expressed on the cell surface 

[31–33]. While promising, it is impractical to incorporate the bridging molecule into an OAd 
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system because effective incorporation of bridging molecules into progeny viruses is not 

easy [17]. In recognition of this fact, chimeric fiber approaches such as Ad5/3 (Ad5 vectors 

with the fiber knob domain of Ad3) are more frequently applied for OAds and chimeric 

OAds displays improved gene delivery and antitumor efficacy in many preclinical studies 

[18,28,34–36]. Additionally, ColoAd1 (also known as enadenotucirev, EnAd), a complex 

and highly potent chimeric Ad3/Ad11p virus, was generated by a novel “directed evolution” 

approach for its ability to kill colorectal cancer cells[37]. The viral Ad11p capsid is more 

resistant to elimination by human serum and blood cells than Ad5 [38] which may provide 

an advantage for systemic delivery. ColoAd1 virus is currently undergoing several early-

phase clinical trials[39].

4. Making pancreatic cancer-targeted oncolytic adenovirus by the high-

throughput screening of adenovirus library

Although incorporation of several targeting motifs has been reported to increase the 

infectivity of replication deficient Ad in pancreatic cancer cells[40–42], the success rate of 

incorporating pre-identified targeting motifs into OAd has been low. To address this issue, 

we recently developed the high-throughput screening system using a high-diversity Ad 

library[43]. This system employs an Ad library with seven random amino acids instead of 

the CAR-binding domain in the adenoviral fiber knob region (Figure 4A) [43]. For 

constructing the high-diversity Ad library, we developed an Ad production system based on 

a newly designed rescue virus. This system enables high efficiency CRE-lox recombination 

between the shuttle plasmid coding Ad fiber library and the “genetically fiberless but 

pseudotyped” rescue virus (Figure 4B). This vector generation system accomplished a 

strikingly high library diversity (>1010 diversity), which permits the full coverage of seven 

random amino-acid library. Using this high-diversity library, we successfully isolated potent 

mesothelin-targeted OAd by replication based screening (Figure 4C) [43]. Mesothelin, also 

known as MSLN, is a cell surface glycoprotein that is highly expressed on pancreatic cancer, 

ovarian cancer, and mesothelioma[43,44]. The virus with the newly isolated MSLN-targeted 

OAd showed dramatic selectivity for MSLN-expressing pancreatic cancer cells in vitro and 

in vivo. The intravenously injected MSLN-targeted OAd showed an impressively strong 

antitumor effect, which was equivalent or stronger than that of intratumoral injection. These 

data indicate the possibility of systemic therapy with cancer-targeted OAd by selective 

infection mediated. In this sense, the library screening technology may have broad 

implications for the development of targeted gene delivery approaches.

5. Possibility of systemic administration

The ultimate goal of cancer genetherapy/virotherapy development is to develop a device 

enabling treatment of patients with advanced or spread diseases by systemic injection. In 

systemic application, the potency and selectivity of the oncolytic viruses can be defined at 

three levels. The first is organ level targeting which allows the administered virus to be 

delivered selectively to the target tumor region. The second is in situ level targeting enabling 

selective infection of the cancer cells in the tumor site. The third is replication level control 

to provide cancer cell selective viral replication (Figure 5). The vast majority of oncolytic 

Sato-Dahlman and Yamamoto Page 5

Curr Cancer Drug Targets. Author manuscript; available in PMC 2018 October 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



viruses historically have had only replication-level targeting for cancer selectivity[7,8] 

because achieving transductional targeting embodying organ-level and in situ-level targeting 

in OAd has not been easy.

Development of transductional targeting of OAd (targeting by selective infection) is most 

challenging aspect, but it has many benefits. Transductional targeting of OAd should 

potentiate antitumor effect by improving the initial tumor site localization after systemic 

administration. One such example is the behavior of fiber-modified OAd in human 

pancreatic cancer xenografts after systemic administration. As we described above, the 

mesothelin (MSLN)-targeted OAd was identified by Ad library screening and this virus 

exhibited a strong therapeutic effect in a pancreatic cancer subcutaneous xenograft model by 

systemic injection[43]. In addition, the liver sequestration of the transductionally-targeted 

OAd with the re-designed AB-loop was more than one order of magnitude lower than that 

with wild type Ad after intravenous injection. This indicates that targeting at the level of 

transduction helps reduce various adverse effects by decreasing distribution to the normal 

organs (e.g. innate immune response and hepatotoxicity). Intravenously administered Ad 

localizes principally to the liver, which limits delivery of Ad to tumor targets and also elicits 

hepatotoxicity. At this point, our library system is capable of identifying very promising 

OAds for the systemic therapy of pancreatic cancer via transductional tumor targeting by 

increasing cancer cell selective transduction and reducing sequestration by non-target cells.

Moreover, there are other studies of systemic treatment of chimeric Ad5/3 OAd in an 

orthotopic pancreatic cancer model. Here, the Ad5/3 modified vector showed significantly 

higher tumor transduction following systemic delivery[28]. In addition, the systemic 

administration of COX-2 controlled OAd with Ad5/3 modification had an anti-tumor effect 

as strong as that of the positive control wild-type virus that exhibits maximal (but non-

selective) replication[28]. Considering Ads with the Ad5/3 fiber infect human cells very 

efficiently[18] but does not infect host (mouse) cells[45], these data in this artificial model 

of suitable transductional targeting indicate that appropriate vector targeting based on fiber-

knob modification realizes tumor transduction and potent therapeutic effect in more 

challenging systemic therapy.

6. Improvement of the in vivo model

In order to advance vector development, valid in vivo experimental systems are critical for 

further understanding OAd functionality. In particular, a convenient in vivo experimental 

system for the analyses of OAd replication/toxicity and virus-host interaction is urgently 

needed. To date, most in vivo experiments of OAd have been performed with human cancer 

cell xenografts in immuno-deficient mice. However, the stringent species selectivity of 

adenoviridae replication does not permit human Ad to replicate in conventional rodent cells. 

This biology greatly limits the ability to conduct virus replication-related studies in 

syngeneic models in the leading experimental animals (i.e. mice). Cotton rat, syrian hamster, 

and pig permit productive human Ad replication[46–48] and the fact that these are the only 

small to medium size animal model systems permissive for human Ad replication 

emphasizes the importance, especially in the context of toxicological studies[49], but it is 

not completely clear how closely viral replication in this system resembles that in humans.
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For better understanding of the biology of replicative Ad in the matched host settings, 

syngeneic models have been proposed. One current model is based on the hamster cancer 

cell line syngeneic graft in Syrian hamsters[46,50]. Another approach is to employ 

conditionally replicative canine Ads to treat spontaneous dog osteosarcoma[51,52]. These 

unique models would provide valuable information about an oncolytic agent in its natural 

host, and such data would be uniquely translatable to human context. Thus, experiments 

with non-human, non-mouse models have critical relevance to the analyses of host specific 

phenomena, such as immunity.

7. Further improvement for clinical feasibility

A reasonable approach to strengthen the anti-tumor effect of the OAd is expressing a 

transgene with an anti-tumor effect from the oncolytic virus. This approach has been taken 

in a wide variety of oncolytic viruses including Ad and vaccinia[53,54]. One interesting 

example with Ad is interferon (IFN)-α. It has been known that IFN-α has a strong anti-

tumor effect and has the ability to sensitize the tumoricidal effects of chemotherapeutic 

agents (e.g. 5-FU) and radiotherapy[55–58]. Particularly, in the field of pancreatic cancer, 

the adjuvant chemotherapy, immunotherapy (IFN), and external-beam radiation for resected 

pancreatic ductal adenocarcinoma (PDAC)[59–62] and a multicenter phase II trial (5-FU, 

cisplatin, and IFN-α in conjunction with radiation therapy) confirmed the efficacy of IFN-

based chemoradiation for PDAC[55]. However, despite encouraging survival results and 

immunological data, clinical trials have defined several problems impairing the clinical 

utility of IFN-α for pancreatic cancer patients: i) Systemic toxicity of IFN-α, and ii) 

Insufficient delivery and unsustainable levels of IFN-α in the tumor site due to rapid 

degradation of the cytokine in blood circulation and low vascularity [63,64].

In the context of IFN expression from Ad, different from many other viruses whose 

replication is remarkably suppressed by IFNs, intrinsic class I IFN expression from the 

infected cancer cells did not hamper Ad replication in the tumor. As a result, IFN expressing 

Ad vectors have been made at high titer[65], and OAd with IFN-α showed efficient 

replication in pancreatic cancer cells[53,66]. In this way, OAd with IFN-α has a unique 

benefit for its application to pancreatic cancers. Also, many OAds with various anti-cancer 

and immunomodulatory molecules, such as GM-CSF and interleukin-12 (IL-12), have 

shown promising results[67,68]. In particular, the phase III trial of T-VEC (genetically 

modified herpes simplex virus expressing GM-CSF) demonstrated improvements in durable 

response rate and a trend toward improved overall survival compared to GM-CSF alone, 

which led to the approval by the FDA of its use in advanced melanoma patients[5]. T-VEC 

has also been tested in phase I, II, and III clinical trials for the treatment of pancreatic 

cancer, soft-tissue sarcomas, and head and neck cancer.

8. Combination therapy with oncolytic viruses

Combination therapies involving multiple chemotherapies and radiation have been 

performed in many cancers[69–71]. Likewise, combination therapy is possible and 

promising with OAds[72]. Particularly, the combination of OAds with radiation is not only 

clinically, but also biologically interesting. Clinically, an early version OAd (ONYX-015) 
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showed very nice clinical response in head and neck tumors when treated with combination 

therapy with external radiation and 5-FU[69]. In basic biology aspects, Ad E4 region has the 

ability to suppress double strand break repair in order to avoid concatemerization of linear 

double strand DNA[73–75]. Since double strand break repair is a major process for the 

recovery from radiation damage[76], its suppression directly links to radio-sensitization of 

the infected cells. Conditionally replicating OAd as well as those armed with therapeutic 

gene can also be combined with cisplatin to enhance the overall therapeutic effects in 

hepatocellular carcinoma[77], head and neck cancer[78,79], and cervical cancer[80]. Several 

studies have reported the combination therapy of gemcitabine and OAd. For example, 

oncolytic mutants lacking the anti-apoptotic E1B19K gene showed increased pancreatic 

cancer cell killing in combination with gemcitabine by enhancing drug-induced 

apoptosis[81]. Ad5/3-Δ24 was used in combination with gemcitabine in ovarian cancer cells, 

synergistic interactions were observed that resulted in enhanced cell killing[82]. More 

recently, the combination therapy of oncolytic viruses and immune-checkpoint inhibitor 

such as anti- CTLA-4 antibody and anti-PD-1 antibody has demonstrated promising results. 

For example, Ad5/3-Δ24-based OAd coding for anti-CTLA4 antibody has been tested in 

several cancer cell lines, and a direct anti-CTLA-4-mediated pro-apoptotic effect was 

observed in vitro and in vivo[83]. The combination therapy with reovirus and anti-PD-1 

antibody that showed prolonged survival in in vivo melanoma model[84]. Therefore, the 

combination of oncolytic virus and immune-checkpoint inhibitor will be an appealing 

strategy. While it is promising, combinatory approach can sometimes be a double-edged 

sword because proper evaluation of the combination effect is not that simple: it is crucial to 

determine appropriate timing, dosing and sequence schedules of each agent. However, once 

it is established, it may make a big impact for clinical efficacy in various cancers.

9. Summary

By overcoming poor infectivity and enforcing selectivity, a series of OAds showing 

significant therapeutic effect have been developed. We are currently pursuing clinical 

translation of one of these vectors in pancreatic cancer. Therapeutic transgene configuration 

and combination with chemoradiation are the directions being developed as promising 

logical extensions of previous efforts. These combinations have started to generate outcomes 

which are possibly translatable into clinical usage. Treatment of non-locoregional diseases 

by systemic administration of the oncolytic virus has been a dream of many gene-/viro- 

therapy researchers. Such a strategy is being developed by actualization of transductional 

targeting of OAds. Many impactful works in recent days, including ours, has put OAd much 

closer to clinical realization of impactful therapeutic modality in pancreatic cancer patients.
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Figure 1. Non-replicative and replicative systems for cancer gene therapy
Compared to conventional cancer gene therapy with replication deficient adenovirus vector 

system (upper panel), a replicative vector system (lower panel) permitting tumor-selective 

replication and exponential spread of the progeny vector laterally in the tumors facilitates a 

dramatic amplification of the therapeutic effect, while keeping non-target cell unaffected 

thanks to replication selectivity.
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Figure 2. Control mechanisms of oncolytic adenovirus
(A). Deletion type CRAds: this type of CRAd has a mutation/deletion in a region crucial for 

viral replication. While cancer cells possess the cellular environment to compensate the 

missing function of the virus, normal cells do not have that capability. For example, 

ONYX-015 (dl1520) and AdΔ24 were designed to replicate only in p53 and pRb mutated 

cells, respectively. (B). Selective promoter-based CRAd: A tumor/tissue specific promoter 

controls the expression of viral genes crucial for replication. As a result, the virus can 

replicate only in cells in which the promoter is active. By using a promoter with a tumor-

ON/normal cell-OFF profile, the replication can be restricted to cancer cells.
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Figure 3. Modification of adenovirus to achieve CAR-independent transduction
To achieve CAR-independent transduction, several modification strategies have been 

employed in adenovirus. (A) Poor infectivity of CAR negative cells with conventional Ad 

system, (B) fiber modification, (C) switching serotypes, (D) chimeric, (E) mosaic, and (F) 

bridging molecule-based targeting.
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Figure 4. Novel system for adenovirus vector production
(A) Structure of Ad library with random 7 amino acid in the AB-loop of fiber-knob region. 

(B) High- diversity Ab library was produced with the newly developed rescue virus system 

by CRE-lox recombination in CRE-expressing, fiber-transcomplementing cell line 

(293CRE-69cell). The shuttle plasmid coding fiber library has a single loxP site in the 

upstream of the fiber gene. The produced library viruses were harvested 48 hours after 

shuttle plasmid transfection and rescue virus infection. (C)the strategy of replication-based 

Ad library screening [43].
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Figure 5. Oncolytic virus targeting at three levels
The oncolytic viruses can be targeted at 3 levels: the first is organ level targeting which 

allows the administered virus delivered selectively to the target tumor region, the second is 

in situ level targeting enabling selective infection of the cancer cells, and the third is 

replication level control to provide cancer cell selective viral replication.
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