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The recent research progress of targeting strategies of drug delivery systems for bladder cancer 

therapy. 
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Abstract: Bladder cancer is a severe disease that threatens human health. The high recurrence 

rate and severe side-effects of traditional bladder cancer therapy require more efficient and 

higher targeting treatment. Drug delivery systems especially being endowed with the targeting 

property may provide a feasible means to solve such problems. Herein, we have reviewed the 

recent progress of the drug delivery systems aiming at bladder cancer therapy especially focusing 

on their targeting strategies. Additionally, we give some outlook of the design on targeting 

strategy for more effective anti-cancer applications. 
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1. Introduction 

Cancer is a category of disease originating from unregulated cell growth and such 

abnormal cells are able to spread or invade other parts of our body. It is a major 

public health problem and becomes the second leading cause of death worldwide. 

Among them, bladder cancer (BC) tops the list of the estimated new cases and 

deaths [1]. In Europe, BC is the 5th most common cancer type for both sexes affecting 

rather men than women [2]. In US, BC ranks the 4th most common caner and the 8th 

in mortality in men [1]. In principle, BC is a rather heterogeneous disease, resulting in 

a challenge in classification, staging and grading. Generally, 70% of bladder urothelial 

cell carcinomas represent a superficial disease called nonmuscle-invasive BC, while 

the other 30% develop a muscle-invasive disease bearing the risk of metastatic 

spread of the tumor [3]. The standard scheme for superficial BC treatment is surgical 

transurethal resection with an 80% early success rate. Unfortunately, among them, 

70% of those patients develop tumor recurrence within 5 years after surgical 

transurethal resection [4]. Therefore, chemotherapy still plays an important role in 

the prevention of tumor recurrence and progression. Although systemic or 

intravesical chemotherapy using the first-line chemotherapeutic agents (cisplatin, 

taxanes, gemcitabine, etc.) enables long-term survival in some patients, the high 

recurrence rate and severe side-effects still hinder BC therapy. Thus, more efficient 

and higher targeting treatment is in urgent need to improve the quality of the BC 

patients’ lives. 

  Drug delivery systems (DDS) especially being endowed with the targeting property 

may provide a feasible means to solve such problems, because DDS could offer 



increased security, improved stability and enhanced bioavailability of the payloads [5]. 

Although not frequently used in clinical treatments yet, numerous studies are 

currently conducted to leverage the potential benefits of DDS for BC therapy [6,7]. 

And most of those DDS have displayed a favorable therapeutic effect in vitro and in 

vivo which hold great potentials in the clinical use. Herein, we have reviewed the 

recent progress of the DDS aiming at BC therapy especially focusing on their targeting 

strategies (Figure 1). 

 
Figure 1. Targeting strategies for bladder cancer therapy 

 

2. DDS for targeted BC treatment 

2.1 Systemic chemotherapy 

Complete cystectomy has been proven to improve survival rates of BC patients, while 

the quality of life following cystectomy is pointedly diminished and requires 

adaptation to a more restrictive lifestyle. And most of BC patients still need 

chemotherapy after cystectomy to avoid tumor recurrence. Refraining from the 

severe side-effects causing by the traditional systemic chemotherapy, DDS offer great 

potential to eradicate BC through a direct injection method. Moreover, such DDS can 

avert many common problems associated with systemically delivered 

chemotherapeutics including collateral toxicity to healthy surrounding cells and poor 

accumulation in the tumor when they are equipped with targeting characters [8].   

2.1.1 Passive targeting 

Systemically administered therapy for the bladder diseases often fails because only a 

small fraction of administered drugs reaches the desired site either due to poor 

absorption or due to losses from metabolism. DDS at the nanoscale are the emergent 

and promising tools for carrying drugs to targeted site due to the enhanced 

permeability and retention effect (EPR) of solid tumors [9]. Micelles are the 

frequently-used carriers. Hu et al. [10] used a polymer nanocarrier loaded with 

lumbrokinase and paclitaxel together to increase the half-life of lumbrokinase and 

bioavailability of paclitaxel and enhance drug delivery to tumor site through passive 

targeting. Such DDS significantly inhibited BC growth. Biomimic nanoparticles with 

homogenous particle size, neutral surface charge and low cytotoxicity were also 



employed to delivery drug for BC therapy. The reconstituted high-density-lipoprotein 

based drug and p53 gene delivery system could targeted delivery both drug and gene 

to tumor through EPR and simultaneous transfer them to BC cells [11]. Besides, 

biomimic materials had an advantage at the low biotoxicity. Lysozyme as the drug 

carrier to delivery doxorubicin for BC chemotherapy showed no renal toxicity [12]. 

Another biocompatible material used to delivery drug for BC therapy were single 

walled carbon nanohorns because during their formation, metal catalyst was 

needless. The requirement for purification and the concern over toxicity could be 

eliminate [13].  

In order to improve the EPR, near infrared radiation could be used for inducing 

hyperthermia to enhance the permeability of tumor blood vessels, which presumably 

account for specific targeting of the nanoscale DDS to tumors [14]. So, various 

near-infrared guided thermal-responsive nanomedicines had been developed [15, 

16]. Those nanomedicines could adsorb near infrared radiation and transfer the 

optical energy to thermal energy to enlarge the intercellular space. And the 

nanomedicines could enter solid tumor to release drug to inhibit the BC cells through 

the enlarged gaps between cells. 

Nowadays, some researchers claim that EPR is fallacy [17]. However, such 

viewpoint has not been accepted worldwide. In consideration of the complex 

physiological conditions in human tumor, unstable tumor interstitial fluid pressure 

and irregular distribution of blood vessels, the enrichment of nanoscale DDS only 

depended on EPR may be less effective.   

2.1.2 Active targeting 

For systemic chemotherapy using DDS, the carriers circulate in the human body. It is 

of great important to impart the cell-targeting ability to drug carriers. A majority of 

studies have showed that enabling the DDS with active targeting properties could 

achieve better therapeutic effect than those DDS based on EPR [18-20]. Among the 

active targeting strategies, magnetic targeting gains more popularity because of the 

simple preparation methods, low cost and easy to modification of 

superparamagnetic DDS [21]. It is well known that iron oxide is a highly 

biocompatible material for synthesis of superparamagnetic DDS which can be guided 

to targeted site by the external applied magnetism. Zakaria et al. [22] prepared 

nanoporous iron oxide nanoparticles and applied to the intracellular DDS of BC cells. 

And the drug delivery efficiency was greatly enhanced by magnetic guiding [23, 24]. 

The magnetic targeting therapy can significantly improve the intracellular drug 

concentration. The therapeutic doses can be reduced. The side effects then can be 

reduced. Additionally, iron oxide holds excellent sensitivity of optical imaging which 

enables superparamagnetic DDS both diagnostic and therapeutic capabilities. In 

some animal trials of BC, not only the drug distribution could be longitudinally 

monitored in vivo, but also the tumors could be imaged through magnetic resonance 

imaging [25, 26]. 

DDS surface-functionalized with certain ligands or peptides that selectively 

target to cancer cells or target proteins on the surface of cell can realize accurately 



targeting drug delivery[27, 28]. Wei et al. [29] conjugated doxorubicin-loaded 

polydopamine-modified mesoporous silica nanoparticles with peptide CSNRDARRC 

targeted to BC cells [30]. And such novel DDS had high targeting efficiency due to 

specifical recognition. The therapeutic effects on BC were enhanced by the targeting 

strategy compared with nanoparticles without targeted functional modification. Liu 

and his co-works [31] had achieved precise drug delivery and the simultaneous 

inhibition of BC growth, migration and invasion by the linkage of human epidermal 

growth factor receptor 2 (HER2) antibody on the surface of the nanosystems. The 

tumor distribution and selective cellular uptake of HER2 conjugated nanosystems 

were significantly enhanced which greatly contributed to improve the anticancer 

activities of the loaded drug. Beside, when DDS modified with other peptides (such 

as PLZ4 [32, 33], Bld-1 [34]) for the systemic chemotherapy also showed excellent 

performance on precise drug delivery.  

These active peptides interact with specific cellular receptors. And they exhibit a 

good cell adhesive effect which can help DDS in selective targeting for specific cells 

and tissues resulting in enhanced therapeutic effects and less side effects. However, 

complex process, low yield, high cost of active peptides still hinder their widely use in 

clinic. 

2.2 Intravesical chemotherapy 

Intravesical chemotherapy for BC can avoid systemic uptake of drugs to improve their 

bioavailability and reduce their side effects. Therefore, intravesical therapy is a 

valuable option for BC chemotherapy. However, there still needs to figure out some 

principal challenges of intravesical chemotherapy [35]. Intravesical therapy is 

inherently limited by the relatively short dwell time of the drug in the bladder, the 

ability of the drug to penetrate the protective layers of the bladder mucosa, the 

chemical environment of the bladder (especially pH), and the ongoing dilution of the 

drug concentration as the urine accumulates in this organ during the treatment 

period [36]. Hence, the researchers should as far as possible to increase the 

permeability of drugs through urothelium, prolong the duration of drug action, 

improve bladder uptake of instilled drugs, reduce the side effect on adjacent normal 

cells. Advances in nanomedicine have shown great promise in improving the 

therapeutic efficiency for BC treatment achieved by both passive and active 

targeting. 

2.2.1 Passive targeting 

Inadequate drug delivery to tumor cells and dilution of drug concentration by urine 

production often result in treatment failure in BC intravesical therapy. DDS targeted 

retention in bladder become much important in intravesical therapy. Some 

macromolecular polymer exhibit mucoadhesive effect. Lu et al. [37] used gelatin 

nanoparticles to delivery paclitaxel to bladder. Those intravesical paclitaxel gelatin 

nanoparticles showed low systemic absorption, and favorable bladder tissue/tumor 

targeting and retention properties in dog’s bladder. Besides, chitosan or poloxamer 

gel and glyceryl monooleate could also be the alternative carriers for intravesical 

administration of drugs due to their desirable mechanical and bioadhesive effects [38, 



39]. And such DDS could increase the residence time of the drugs in the bladder and 

achieve a more effective intravesical treatment. Using the polyamidoamine 

dendrimers as the carrier could not only realize target-releasing drug at BC tissue but 

also show the good performance on high permeability of the urothelium to improve 

the efficacy of intravesical instillation [40]. 

Direct instillation of drugs into the bladder is an efficient alternative to systemic 

delivery, since it reduces side effects, prevents first-pass effects, and consequently 

allows a more effective treatment. However, this method cannot avoid the drugs 

uptake by adjacent normal cells. That certainly limits the clinical use of passive 

targeting intravesical DDS for BC chemotherapy. 

2.2.2 Active targeting 

Mounting evidence has established that bladder urothelium expresses a host of 

receptors, which can be leveraged for exclusive therapeutic action in bladder through 

intravesical drug delivery [35]. As early as 2008, Wirth’s team [41] found that lectins 

could strongly interact with human BC cells and exhibit a high specificity. Such 

selective cell adhesion could drastically enhance urothelial internalization. Therefore, 

it was believed that lectin modified DDS might provide a promising tool for 

intravesical chemotherapy for BC [42, 43]. Based on that, they had prepared various 

DDS employing different carrier materials (such as poly(lactic-co-glycolic acid) [44, 45] 

poly-ι-glatamic acid [46-48] and bovine serum albumin [49, 50]) conjugated with 

lectin to realize a biorecognitively drug delivery for intravesical therapy. Those DDS 

had promising cytoadhesive and cytoinvasive characteristics which could be the 

auspicious tool to overcome the limiting factors of intravesical therapy to enhanced 

the treatment effects. And labeling the DDS with fluorescence could enable them not 

only the diagnostic function, but also a visual performance from binding to uptake. 

Moreover, using magnetic targeting associated with biorecognitive targeting could 

get a synergistic effect on drug concentration enhancement at target site [44]. 

In addition, some specific antigens over expressed surrounding BC cells also can 

be the targets. Folate receptors have been found expressed in the majority of BC cells 

[51] which would be of use for targeted delivery of chemotherapeutic drugs. Yu et al. 

[52] prepared polymer micelles linked with folate. The cytotoxicity of targeting DDS 

was much higher than that of non-targeting ones and free drugs. Besides, the 

micellar DDS decorated with cyclic (Arginine-Glycine-Aspartic 

acid-D-Phenylalanine-Lysine) targeting αvβ3 integrin [53], hyaluronic acid targeting 

CD44 [54], the liposome DDS conjugated with RWFV targeting fibronectin [55], and 

the nanoscale golden DDS linked with a monoclonal antibody targeting glycoprotein 

[56] all showed strong affinity to BC cells and strong inhibitory effect on BC cells.  

The unique structure of the bladder render it a suitable region for intravesical 

therapy to regional treatment. Modifying DDS with biorecognitive groups makes 

them specific adhere to cancerous urothelium. Therefore, the treatment effects can 

be improved and the side effects can be reduced by active targeting intravesical 

therapy. 

2.3 Photodynamic therapy 



Photodynamic therapy (PDT) is a form of phototherapy involving photochemistry, 

photophysics and photobiology. In brief, a photosensitizer (PS) is introduced to the 

nidi, and then activated by light of specific wavelengths. When there is oxygen 

around, PS can trigger photodynamic reaction in which produces amount of reactive 

oxygen species (ROS). Thus, PDT can be a precise regional therapy due to the 

controllability of the inducing light if the PSs targeted delivery to cancerous site. 

Similarly, PSs carriers decorated with specific antibody to receptors on the surface of 

BC cells can realize PSs targeted delivery. Making PSs anchored on the cell membrane 

could significantly enhance the PDT effect [57]. Hence, all of galactose-binding 

proteins [58], integrin receptors [59], epidermal growth factor receptor [60, 61], 

transferrin receptor [62] had been designed as the targets for PSs delivery systems 

binding. Those PSs delivery systems could uniformly bind to BC cells in short time 

which was crucial for the clinical application of intravesical treatment. And those 

conjugates demonstrated rapid cell uptake by receptor-mediated endocytosis. Then 

they efficiently generated ROS upon irradiation to inhibit the BC cells. The tumor 

killing efficiency most depends on the PS of which exposure to radiation and 

production of ROS therefrom. An ideal PS for targeted PDT in clinic should be high 

singlet oxygen quantum yield, reliable activation by an appropriate wavelength of 

light, commercial availability [63]. However, most of clinical used small molecular PSs 

is costly. Besides, PDT is usually used in superficial cancer therapy due to the low 

penetrability of light. Therefore, the development of more inexpensive but effective 

PSs (such as zinc oxide which our lab focus on [64]) becomes very important. Another 

concern for BC therapy using PDT should be expedient radiation exposure to internal 

PSs. Using the upconversion nanoparticles to transfer the energy of X-ray or near 

infrared ray which is able to penetrate into human body to PS for ROS production is a 

promising approach [61, 65, 66] . Therefore, PDT holds a great potential in targeting 

therapy for BC on the condition that the radiation light could accessibly motivate the 

cheap and effective PSs.  

 

3. Conclusion and Outlook 

This review aims to introduce and discuss the recent researches on the targeting 

strategies of DDS for BC therapy. In summary, using the targeting DDS can 

significantly improve the treatment effect and reduce the side effects. Moreover, 

intravesical targeting therapy is deemed to be more suitable for BC therapy because 

of the less systemic assimilation, simpler delivery process and more bioavailability. 

The active targeting strategy can realize more precise delivery compared to that of 

passive targeting strategy resulting in a more efficient treatment. However, the costly 

antibody still hinders the widespread use of the active targeting DDS.  

Therefore, increasing the therapy efficiency while reducing the costs becomes 

much important in targeting strategies of DDS for BC therapy. The superparamagnetic 

nanoparticles are highly biocompatibility and low cost. Besides, their magnetic 

targeting is attractive [67-69]. Active targeting DDS can mingle with 

superparamagnetic nanoparticles to gain the magnetic targeting property. Thereout, 



less specific antibodies are needed to be conjugated to superparamagnetic DDS. And 

more targeting efficiency as well as lower cost will be achieved by those two 

combination targeting strategies.  

It seems that PDT would be a precise regional therapy which is fitter for BC 

treatment. However, the medicinal cost and the penetrability of light also need to be 

considered. Fortunately, some low-cost PSs are under developing. And the 

upconversion nanoparticles could utilize more penetrable light to activate PS. It can 

be inferred that with those problems settled, targeting PDT can become highly 

applicable in BC therapy. 

 

Acknowledgments 

This work was supported by National Natural Science Foundation of China 

(81860324), Science and Technology Fund of Guizhou Province (20161152), 

High-level Innovative Talents in Guizhou Province (2018-2016-023).  

 

References 

[1]. Rebecca L. Siegel, Kimberly D. Miller, Ahmedin Jemal. Cancer statistics, 2019. CA: 

A Cancer Journal for Clinicians, 2019, 69: 7-34 

[2]. Donald S. Kaufman, William U. Shipley, Adam S. Feldman. Bladder cancer, Lancet, 

2009, 374: 239-249 

[3]. Ziya Kirkali, Theresa Chan, Murugesan Manoharan, Ferran Algaba, Christer Busch, 

Liang Cheng, Lambertus Kiemeney, Martin Kriegmair, R. Montironi, William M. 

Murphy, Isabell A. Sesterhenn, Masaaki Tachibana, Jeff Weider. Bladder cancer: 

Epidemiology, staging and grading, and diagnosis. Urology, 2005, 66: 4-34 

[4]. Zancong Shen, Tong Shen, M. Guillaume Wientjes, Michael A. O’Donnell, Jessie 

L.-S. Au. Intravesical treatments of bladder cancer: Review. Pharmaceutical Research, 

2008, 25: 1500-1510 

[5]. Kewal K. Jain. An overview of drug delivery systems. Methods in Molecular 

biology, 2020, 2059: 1-54 

[6]. Oluwadamilola M. Kolawole, Wing Man Lau, Hugh Mostafid, Vitaliy V. 

Khutoryanskiy. Advances in intravesical drug delivery systems to treat bladder cancer. 

International Journal of Pharmaceutics, 2017, 532: 105-117 

[7]. Martino Maria Zacche, Sushma Srikrishna, Linda Cardozo. Novel targeted bladder 

drug-delivery systems: a review. Research and Reports in Urology, 2015, 7: 169-178 

[8]. Jihye Yoo, Changhee Park, Gawon Yi, Donghyun Lee, Heebeom Koo. Active 

targeting strategies using biological ligands for nanoparticle drug delivery systems. 

Cancers, 2019, 11: 640 

[9]. Yang Lu, Ershuai Zhang, Jianhai Yang, Zhiqiang Cao. Strategies to improve micelle 

stability for drug delivery. Nano Research, 2018, 11: 4985-4998 

[10]. Bo Hu, Ying Yan, Fei Tong, Long Xu, Jia Zhu, Guangtao Xu, Ruilin Shen. 

Lumbrokinase/paclitaxel nanoparticle complex: potential therapeutic applications in 

bladder cancer. International Journal of Nanomedicine, 2018, 13: 3625-3640 

[11]. Qiaohong Ouyang, Zhongxiang Duan, Guangli Jiao, Jixiao Lei. A biomimic 

reconstituted high-density-lipoprotein-based drug and p53 gene co-delivery system 



for effective antiangiogenesis therapy of bladder cancer. Nanoscale Research Letters, 

2015, 10: 283 

[12]. Marijke Haas, Frits Moolenaar, Angela Elsinga, Els A. Van Der Wounden, Paul E. 

De Jong, Dirk K.F. Meijer, Dick De Zeeuw. Targeting of doxorubicin to the urinary 

bladder of the rat shows increased cytotoxicity in the bladder urine combined with 

an absence of renal toxicity. Journal of Drug Targeting, 2002, 10: 81-89 

[13]. Kameel M. Isaac, Indu Venu Sabaraya, Neda Ghousifam, Dipesh Das, Allison 

Pekkanen, Dwight K. Romanovicz, Timothy E. Long, Navid B. Saleh, Marissa Nichole 

Rylander. Functionalization of single-walled carbon nanohorns for simultaneous 

fluorescence imaging and cisplatin delivery in vitro. Carbon, 2018, 138: 309-318 

[14]. Tingting Wang, Dangge Wang, Jianping Liu, Bing Feng, Fangyuan Zhou, Hanwu 

Zhang, Lei Zhou, Qi Yin, Zhiwen Zhang, Zhonglian Cao, Haijun Yu, Yaping Li. 

Acidity-triggered ligand-presenting nanoparticles to overcome sequential drug 

delivery barriers to tumors. Nano Letters, 2017, 17: 5429-5436 

[15]. Hui Gao, Ying Bi, Jun Chen, Lirong Peng, Kaikai Wen, Pan Ji, Weifeng Ren, 

Xiaoqing Li, Ning Zhang, Jimin Gao, Zhifang Chai, Yi Hu. Near-infrared light-triggered 

switchable nanoparticles for targeted chemo/photothermal cancer therapy. ACS 

Applied Materials & Interfaces, 2016, 8: 15103-15112 

[16]. Hui Gao, Ying Bi, Xin Wang, Miao Wang, Mengxue Zhou, Huiru Lu, Jimin Gao, 

Jun Chen, Yi Hu. Near-infrared guided thermal-responsive nanomedicine against 

orthotopic superficial bladder cancer. ACS Biomaterials Science & Engineering, 2017, 

3: 3628-3634 

[17]. Joseph W. Nichols, You Han Bae. EPR: Evidence and fallacy. Journal of Controlled 

Release, 2014, 190: 451-464 

[18]. Zehui He, Yongtai Zhang, Nianping Feng. Cell membrane-coated nanosized 

active targeted drug delivery systems homing to tumor cells: A review. Materials 

Science & Engineering C, 2020, 106: 110298 

[19]. Amanda K. Pearce, Rachel K. O’Reilly. Insights into active targeting of 

nanoparticles in drug delivery: Advances in clinical studies and design considerations 

for cancer nanomedicine. Bioconjugate Chemistry, 2019, 30: 2300-2311 

[20]. Jihye Yoo, Changhee Park, Gawon Yi, Donghyun Lee, Heebeom Koo. Active 

targeting strategies using biological ligands for nanoparticle drug delivery systems. 

Cancers, 2019, 11: 640 

[21]. Sathyadevi Palanisamy, Yun-Ming Wang. Superparamagnetic iron oxide 

nanoparticulate system: synthesis, targeting, drug delivery and therapy in cancer. 

Dalton Transactions, 2019, 48: 9490-9515 

[22]. Mohamed B. Zakaria, Alexei A. Belik, Chia-Hung Liu, Han-Yun Hsieh, Yu-Te Liao, 

Victor Malgras, Yusuke Yamauchi, Kevin. C.-W. Wu. Prussian blue derived nanoporous 

iron oxides as anticancer drug carriers for magnetic-guided chemotherapy. 

Chemistry-An Asian Journal, 2015, 10: 1457-1462 

[23]. Mu-Yi Hua, Hung-Wei Yang, Hao-Li Liu, Rung-Ywan Tsai, SeeTong Pang, Kun-Lung 

Chuang, Yu-Sun Chang, Tsong-Long Hwang, Ying-Hsu Chang, Heng-Chang Chuang, 

Cheng-Keng Chuang. Superhigh-magnetization nanocarrier as a doxorubicin delivery 

platform for magnetic targeting therapy. Biomaterials, 2011, 32: 8999-9010 



[24]. Yu-Pu Wang, Yu-Te Liao, Chia-Hung Liu, Jiashing Yu, Hatem R. Alamri, Zeid A. 

Alothman, Md. Shahriar A. Hossain, Yusuke Yamauchi, Kevin C.-W. Wu. Trifunctional 

Fe3O4/CaP/alginate core-shell-corona nanoparticles for magnetically guided, 

pH-responsive, and chemically targeted chemotherapy. ACS Biomaterials Science & 

Engineering, 2017, 3: 2366-2374 

[25]. Jingjing Li, Junhui Wang, Dong Sun, Yue Dai, Jiahui Shen, Jia You, Cuiping Han, 

Kai Xu. Aptamer-directed specific drug delivery and magnetic resonance imaging of 

renal carcinoma cells In vitro and In vivo. Journal of Biomedical Nanotechnology, 

2016, 12: 1604-1616 

[26]. Hung-Wei Yang, Mu-Yi Hua, Hao-Li Liu, Rung-Ywan Tsai, See-Tong Pang, Po-Hong 

Hsu, Hsiang-Jun Tang, Tzu-Chen Yen, Cheng-Keng Chuang. An epirubicin-conjugated 

nanocarrier with MRI function to overcome lethal multidrug-resistant bladder cancer. 

Biomaterials, 2012, 33: 3919-3930 

[27]. Yoichi Negishi, Motoyoshi Nomizu. Laminin-derived peptides: Applications in 

drug delivery systems for targeting. Pharmacology & Therapeutics, 2019, 202: 91-97 

[28]. Mona Kalmouni, Sumaya Al-Hosani, Mazin Magzoub. Cancer targeting peptides. 

Cellular and Molecular Life Science, 2019, 76: 2171-2183 

[29]. Yi Wei, Li Gao, Lu Wang, Lin Shi, Erdong Wei, Baotong Zhou, Li Zhou, Bo Ge. 

Polydopamine and peptide decorated doxorubicin-loaded mesoporous silica 

nanoparticles as a targeted drug delivery system for bladder cancer therapy. Drug 

Delivery, 2017, 24: 681-691 

[30]. Hyun-Kyung Jung, Soyoun Kim, Rang-Woon Park, Jae-Yong Park, In-San Kim, 

Byungheon Lee. Bladder tumor-targeted delivery of pro-apoptotic peptide for cancer 

therapy. Journal of Controlled Release, 2016, 235: 259-267 

[31]. Ting Liu, Lanhai Lai, Zhenhuan Song, Tianfeng Chen. A sequentially triggered 

nanosystem for precise drug delivery and simultaneous inhibition of cancer growth, 

migration, and invasion. Advanced Functional Materials, 2016, 26: 7775-7790 

[32]. Tzu-yin Lin, Hongyong Zhang, Juntao Luo, Yuanpei Li, Tingjuan Gao, Primo N 

Lara Jr, Ralph de Vere White, Kit S. Lam, Chong-Xian Pan. Multifunctional targeting 

micelle nanocarriers with both imaging and therapeutic potential for bladder cancer. 

International Journal of Nanomedicine, 2012, 7: 2793-2804 

[33]. Tzu-yin Lin, Yuanpei Li, Hongyong Zhang, Juntao Luo, Neal Goodwin, Tingjuan 

Gao, Ralph de Vere White, Kit S. Lam, Chong-Xian Pan. Tumor-targeting 

multifunctional micelles for imaging and chemotherapy of advanced bladder cancer. 

Nanomedicine, 2013, 8: 1239-1251 

[34]. Vijaya Sarangthem, Eun A. Cho, Aena Yi, Sang Kyoon Kim, Byung-Heon Lee, 

Rang-Wood Park. Application of Bld-1-embedded elastin-Like polypeptides in tumor 

targeting. Scientific Reports, 2018, 8: 3892 

[35]. Pradeep Tyagi, Mahendra Kashyap, Harvey Hensley, Naoki Yoshimura. Advances 

in intravesical therapy for urinary tract disorders. Expert Opinion on Drug Delivery, 

2016, 13: 71-84 

[36]. Homayoun Zargar, Jonathan Aning, Joseph Ischia, Alan So, Peter Black. 

Optimizing intravesical mitomycin C therapy in non-muscle-invasive bladder cancer. 

Nature Reviews Urology, 2014, 11: 220-230 



[37]. Ze Lu, Teng-Kuang Yeh, Jie Wang, Ling Chen, Greg Lyness, Yan Xin, M. Guillaume 

Wientjes, Valerie Bergdall, Guillermo Couto, Francisco Alvarez-Berger, Carrie E. 

Kosarek, Jessie L.-S. Au. Paclitaxel gelatin nanoparticles for intravesical bladder cancer 

therapy. Journal of Urology, 2011, 185: 1478-1483 

[38]. Sinem Yaprak Karavana, Zeynep Ay Şenyig˘it, Çag˘rı Çalışkan, Gülnur Sevin, 

Derya Ilem Özdemir, Yalç ı n Erzurumlu, Sait Ş en, Esra Balog ˘ lu. Gemcitabine 

hydrochloride microspheres used for intravesical treatment of superficial bladder 

cancer: a comprehensive in vitro/ex vivo/in vivo evaluation. Drug Design 

Development and Therapy, 2018, 12: 1959-1975 

[39]. Seung-Ju Lee, Sae Woong Kim, Hesson Chung, Yeong Taek Park, Young Wook 

Choi, Yong-Hyun Cho, Moon Soo Yoon. Bioadhesive drug delivery system using 

glyceryl monooleate for the intravesical administration of paclitaxel. Chemotherapy, 

2005, 51: 311-318 

[40]. Xuefeng Qiu, Kai Cao, Tingsheng Lin, Wei Chen, Ahu Yuan, Jinhui Wu, Yiqiao Hu, 

Hongqian Guo. Drug delivery system based on dendritic nanoparticles for 

enhancement of intravesical instillation. International Journal of Nanomedicine, 2017, 

12: 7365-7374 

[41]. Verana E. Plattner, Maria Wagner, Gerda Ratzinger, Franz Gabor, Michael Wirth. 

Targeted drug delivery: Binding and uptake of plant lectins using human 5637 bladder 

cancer cells. European Journal of Pharmaceutics and Biopharmaceutics, 2008, 70: 

572-576 

[42]. Lukas Neutsch, Verana E. Plattner, Sonja Polster-Wildhofen, Anges Zidar, 

Andreas Chott, Gerrit Borchard, Othmar Zechner, Franz Gabor, Michael Wirth. Lectin 

mediated biorecognition as a novel strategy for targeted delivery to bladder cancer. 

Journal of Urology, 2011, 186: 1481-1488 

[43]. Daša Zupančič, Mateja Erdani Kreft, Rok Romih. Selective binding of lectins to 

normal and neoplastic urothelium in rat and mouse bladder carcinogenesis models. 

Protoplasma, 2014, 251: 49-59 

[44]. L. Neutsch, E.-M. Wirth, S. Spijker, C. Pichl, H. Kählig, F. Gabor, M. Wirth. 

Synergistic targeting/prodrug strategies for intravesical drug delivery- Lectin-modified 

PLGA microparticles enhance cytotoxicity of stearoyl gemcitabine by 

contact-dependent transfer. Journal of Controlled Release, 2013, 169: 62-72 

[45]. Lukas Neutsch, Michael Wambacher, Eva-Maria Wirth, Sylvia Spijker, Hanspeter 

Kählig, Michael Wirth, Franz Gabor. UPEC biomimickry at the urothelial barrier: 

Lectin-functionalized PLGA microparticles for improved intravesical chemotherapy. 

International Journal of Pharmaceutics, 2013, 11:175-181 

[46]. Christina Apfelthaler, Katharina Skoll, Raphaela Ciola, Franz Gabor, Michael 

Wirth. A doxorubicin loaded colloidal delivery system for the intravesical therapy of 

non-muscle invasive bladder cancer using wheat germ agglutinin as targeter. 

European Journal of Pharmaceutics and Biopharmaceutics, 2018, 130: 177-184 

[47]. Christina Apfelthaler, Patrick Gassenbauer, Sandra Weisse, Franz Gabor, Michael 

Wirth. A lectin mediated delivery system for the intravesical treatment of bladder 

diseases using poly-(L)-glutamic acid as polymeric backbone. European Journal of 

Pharmaceutical Science, 2018, 111: 376-382 



[48]. C. Apfelthaler, M. Anzengruber, F. Gabor, M. Wirth. Poly - (ι) - glutamic acid drug 

delivery system for the intravesical therapy of bladder cancer using WGA as targeting 

moiety. European Journal of Pharmaceutics and Biopharmaceutics, 2017, 115: 

131-139 

[49]. Lukas Neutsch, Britta Eggenreich, Ela Herwig, Martina Marchetti-Deschmann, G

ünter Allmaier, Franz Gabor, Michael Wirth. Biomimetic delivery strategies at the 

urothelium: Targeted cytoinvasion in bladder cancer cells via lectin bioconjugates. 

Pharmaceutical Research, 2014, 31: 819-832 

[50]. L. Neutsch, B. Eggenreich, E. Herwig, M. Marchetti-Deschmann, G. Allmaier, F. 

Gabor, M. Wirth. Lectin bioconjugates trigger urothelial cytoinvasion - A 

glycotargeted approach for improved intravesical drug delivery. European Journal of 

Pharmaceutics and Biopharmaceutics, 2012, 82: 367-375 

[51]. Deepika Dhawan, Jose A. Ramos-Vara, James F. Naughton, Liang Cheng, Philip S. 

Low, Ryan Rothenbuhler, Christopher P. Leamon, Nikki Parker, Patrick J. Klein, Iontcho 

R. Vlahov, Joseph A. Reddy, Michael Koch, Linda Murphy, Lindsey M. Fourez, Jane C. 

Stewart, Deborah W. Knapp. argeting Folate receptors to treat invasive urinary 

bladder cancer. Cancer Research, 2013, 73: 875-884 

[52]. Qingsong Yu, Jiajing Zhang, Guan Zhang, Zhihua Gan. Synthesis and Functions of 

Well-defined Polymer-drug Conjugates as Efficient Nanocarriers for Intravesical 

Chemotherapy of Bladder Cancer. Marcomolecular Bioscience, 2015, 15: 509-520 

[53]. Danhua Zhou, Guan Zhang, Zhihua Gan. c(RGDfK) decorated micellar drug 

delivery system for intravesical instilled chemotherapy of superficial bladder cancer. 

Journal of Controlled Release, 2013, 169: 204-210 

[54]. Antonio Rosato, Alessandra Banzato, Gilda De Luca, Davide Renier, Fabio 

Bettella, Claudio Pagano, Giovanni Esposito, Paola Zanovello, PierFrancesco Bassi. 

HYTAD1-p20: A new paclitaxel-hyaluronic acid hydrosoluble bioconjugate for 

treatment of superficial bladder cancer. Urologic Oncology: Seminars and Original 

Investigations, 2006, 24: 207-215 

[55]. Young Lee, Erin Kischuk, Scott Crist, Timothy L. Ratliff, David H. Thompson. 

Targeting and internalization of liposomes by bladder tumor cells using a fibronectin 

attachment protein-derived peptide-lipopolymer conjugate. Bioconjugate Chemistry, 

2017, 28: 1481-1490 

[56]. Etienne de Harven, Yves Fradet, John G. Connolly, Wedad Hanna, Shaomu He, 

Yanchun Wang, Bernard C. K. Choi, Roy McGroarty, George Bootsma, Aina Tilups,  

Hilary Christensen. Antibody drug carrier for immunotherapy of superficial bladder 

cancer: Ultrastructural studies. Cancer Research, 1992, 52: 3131-3137 

[57]. Wen Ma, Suinan Sha, Peiling Chen, Meng Yu, Jianjun Chen, Chaobo Huang, Bin 

Yu, Yun Liu, Lihan Liu, Zhiqiang Yu. A cell membrane-targeting self-delivery chimeric 

peptide for enhanced photodynamic therapy and in situ therapeutic feedback. 

Advanced Healthcare Materials, 2020, 9: 1901100 

[58]. Mafalda Bispo, Patrícia M. R. Pereira, Francesca Setaro, M. Salomé Rodrí

guez-Morgade, Rosa Fernandes, Tomás Torres, João P. C. Tomé. A galactose dendritic 

silicon (IV) phthalocyanine as a photosensitizing agent in cancer photodynamic 

therapy. ChemPlusChem, 2018, 9: 855-860 



[59]. T. Chatzisideri, S. Thysiadis, S. Katsamakas, P. Dalezis, I. Sigala, T. Lazarides, E. 

Nikolakaki, D. Trafalis, O. A. Gederaas, M. Lindgrene, V. Sarli. Synthesis and biological 

evaluation of a Platinum(II)-c(RGDyK) conjugate for integrin-targeted photodynamic 

therapy. European Journal of Medicinal Chemistry, 2017, 141: 221-231 

[60]. Yu-Hsiang Lee, Yu-Chun Lin. Anti-EGFR indocyanine green-mitomycin c-loaded 

perfluorocarbon double nanoemulsion: A novel nanostructure for targeted 

photochemotherapy of bladder cancer cells. Nanomaterials, 2018, 8: 283 

[61]. Suehyun K. Cho, Lih-Jen Su, Chenchen Mao, Connor D. Wolenski, Thomas W. 

Flaig, Wounjhang Park. Multifunctional nanoclusters of NaYF4:Yb3+,Er3+ upconversion 

nanoparticle and gold nanorod for simultaneous imaging and targeted chemotherapy 

of bladder cancer. Materials Science & Engineering C, 2019, 97: 784-792 

[62]. Annelies S. L. Derycke, Appolinary Kamuhabwa, Antoon Gijsens, Tania Roskams, 

Dirk De Vos, Ahmad Kasran, Jörg Huwyler, Ludwig Missiaen, Peter A. M. de Witte. 

Transferrin-conjugated liposome targeting of photosensitizer AlPcS4 to rat bladder 

carcinoma cells. Journal of the National Cancer Institute, 2004, 96: 1620-1630 

[63]. K. Plaetzer, B. Krammer, J. Berlanda, F. Berr, T. Kiesslich. Photophysics and 

photochemistry of photodynamic therapy: fundamental aspects. Lasers in Medical 

Science, 2009, 24: 259-268 

[64]. Xiao Huang, Liangqing Du, Xi Zheng, Caixia Yi, Wenyu Niu, Shuangya Yang, Yan 

Yin. Smart eryc@mZnO nanoparticles with enhanced antibacterial activity under 

ultraviolet and prolonged antibacterial activity without ultraviolet. Nanoscience and 

Nanotechnology Letters, 2018, 10: 1572-1577 

[65]. Qingqing Dou, Adith Rengaramchandran, Subramanian Tamil Selvan Ramasamy 

Paulmurugan, Yong Zhang. Core-shell upconversion nanoparticle semiconductor 

heterostructures for photodynamic therapy. Scientific Reports, 2015, 5: 8252 

[66]. Chen Zhang, Kuaile Zhao, Wenbo Bu, Dalong Ni, Yanyan Liu, Jingwei Feng, Jianlin 

Shi. Marriage of scintillator and semiconductor for synchronous radiotherapy and 

deep photodynamic therapy with diminished oxygen dependence. Angewandte 

Chemie-International Edition, 2014, 53: 1-6 

[67]. Zhihai Yu, Yaochun Guo, Hong Dai, Baofu Zeng, Xi Zheng, Caixia Yi, Nian Jiang, 

Yun Liu, Xiao Huang. On-demand drug release and re-absorption from pirarubicin 

loaded Fe3O4@ZnO core-shell nanoparticles for targeting infusion chemotherapy for 

urethral carcinoma. Materials Express, 2019, 9: 467-474 

[68]. Xiao Huang, Juan Lu, Danyang Yue, Yijuan Fan, Caixia Yi, Xiaoying Wang, 

Mengxue Zhang, Jun Pan. Fe3O4@ZnO core-shell nanocomposites for efficient and 

repetitive removal of low density lipoprotein in plasma and on blood vessel. 

Nanotechnology, 2015, 36: 125101 

[69]. Bindhya K. Purushothaman, Muni S. Harsha, P. Uma Maheswari, K. M. Meera 

Sheriffa Begun. Magnetic assisted curcumin drug delivery using folate receptor 

targeted hybrid casein-calcium ferrite nanocarrier. Journal of Drug Delivery Science 

and Technology, 2019, 52: 509-520 

 

 

 



Conflict of interest statement 

We declare that we do not have any commercial or associative interest that 

represents a conflict of interest in connection with the work submitted. 

 

Authors: Kun Yu; Meiping Liu; Hong Dai; Xiao Huang 

 


