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RESUMO 

 

O objetivo deste estudo foi avaliar o potencial efeito na inibição do receptor de 

quimiocinas CCR5 no desenvolvimento e progressão do câncer. Esta dissertação foi 

elaborada na forma de dois artigos, o primeiro uma revisão sistemática e, o 

segundo, um estudo in vitro. Na revisão sistemática, além de avaliar as abordagens 

utilizadas para inibir o CCR5, bem como seus efeitos no desenvolvimento e 

progressão do câncer, também foi avaliada a qualidade dos estudos pré-clínicos em 

animais. A revisão sistemática foi realizada de acordo com as diretrizes PRISMA 

usando uma pesquisa estruturada nas bases de dados PubMed/MEDLINE, Scopus, 

Web of Science e Embase, recuperando e analisando 21 estudos originais. Para a 

análise do risco de viés e da qualidade metodológica dos estudos, foi  utilizada a 

ferramenta desenvolvida pela SYRCLE (Systematic Review Center for Laboratory 

Animal Experimentation). Resultados promissores foram identificados após inibição 

de CCR5 em diferentes tipos de câncer, os quais foram associados, principalmente a 

redução do tamanho tumoral. Entretanto, os mecanismos subjacentes a esta 

redução foram bastante variáveis entre os estudos. Além disso, a maioria dos 

experimentos utilizou Maraviroc como inibidor de CCR5. Ao analisar a qualidade 

metodológica dos estudos, foram identificados potenciais riscos de viés nos 

diferentes domínios avaliados. Assim, esta revisão fornece suporte objetivo para 

delimitar estudos futuros com maior rigor metodológico, fornecendo evidências 

inequívocas sobre o impacto da inibição do CCR5 no desenvolvimento e progressão 

do câncer. Tendo em vista a relevância dos resultados encontrados e a escassez de 

estudos sobre a inibição de CCR5 no contexto da carcinogenese oral, foi realizado 

um estudo in vitro. No estudo in vitro, foi avaliada a expressão de CCR5 em 

diferentes linhagens celulares (CAL27, SCC4, SCC9, SCC15, SCC25 e HSC3) de 

carcinoma de células escamosas oral (CCEO) e os efeitos de sua inibição pelo 

tratamento com Maraviroc (MVC). A maior expressão de CCR5 foi detectada nas 

linhagens celulares SCC15 e SCC25 que, portanto, foram selecionadas para 

ensaios funcionais. Os resultados deste estudo demonstraram que, o tratamento 

com MVC resultou em diminuição significativa da proliferação celular e migração de 

células SCC15 e SCC25 de maneira dependente da concentração e tempo de 

exposição ao tratamento. Esses resultados sugerem que o tratamento com MVC 

desempenha um papel importante na biologia tumoral dos CCEOs e pode 



 
 

representar uma nova estratégia para o tratamento do câncer oral. Contudo, novos 

estudos são necessários para entender melhor os mecanismos associados ao 

tratamento de CCEO com MVC. 

 

Palavras-chave: Quimiocina; Receptor CCR5; Câncer; Antagonistas dos 

Receptores CCR5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

ABSTRACT  

 

The aim of this study was to evaluate the potential effect of CCR5 chemokine 

receptor inhibition on cancer development and progression. This dissertation was 

prepared in the form of two articles, the first a systematic review and the second an 

in vitro study. In the systematic review, in addition to evaluating the approaches used 

to inhibit CCR5, as well as their effects on the development and progression of 

cancer, the quality of preclinical studies in animals was also evaluated. The 

systematic review was performed according to PRISMA guidelines using a structured 

search in PubMed/MEDLINE, Scopus, Web of Science and Embase databases, 

retrieving and analyzing 21 original studies. For the analysis of the risk of bias and 

the methodological quality of the studies, the tool developed by SYRCLE (Systematic 

Review Center for Laboratory Animal Experimentation) was used. Promising results 

were identified after CCR5 inhibition in different types of cancer, which were mainly 

associated with a reduction in tumor size. However, the mechanisms underlying this 

reduction were quite variable between studies. In addition, most of the experiments 

used Maraviroc as a CCR5 inhibitor. When analyzing the methodological quality of 

the studies, potential risks of bias were identified in the different domains evaluated. 

Thus, this review provides objective support to delimit future studies with greater 

methodological rigor, providing unequivocal evidence on the impact of CCR5 

inhibition on cancer development and progression. In view of the relevance of the 

results found and the scarcity of studies on CCR5 inhibition in the context of oral 

carcinogenesis, an in vitro study was carried out. In the in vitro study, the expression 

of CCR5 in different cell lines (CAL27, SCC4, SCC9, SCC15, SCC25 and HSC3) of 

oral squamous cell carcinoma (OSCEC) and the effects of its inhibition by treatment 

with Maraviroc (MVC) were evaluated. . The highest expression of CCR5 was 

detected in cell lines SCC15 and SCC25 which, therefore, were selected for 

functional assays. The results of this study demonstrated that treatment with MVC 

resulted in a significant decrease in cell proliferation and migration of SCC15 and 

SCC25 cells, depending on the concentration and time of exposure to the treatment. 

These results suggest that MVC treatment plays an important role in the tumor 

biology of CCEOs and may represent a new strategy for the treatment of oral cancer. 

However, further studies are needed to better understand the mechanisms 

associated with the treatment of CCEO with MVC. 



 
 

 

Keywords: Chemokine; CCR5 Receptor; Cancer; CCR5 Receptor Antagonists.  
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1 INTRODUÇÃO GERAL  

 

De acordo com as estimativas globais, são diagnosticados cerca de 19,3 

milhões de casos de câncer por ano em todo o mundo (GLOBOCAN, 2020). Além 

disso, o câncer é a primeira ou segunda principal causa de morte antes dos 70 anos 

em 112 de 183 países e ocupa o terceiro ou quarto lugar em outros 23 países 

(SUNG et al., 2021). 

No geral, a alta taxa de mortalidade de pacientes com câncer está 

relacionada ao seu diagnóstico tardio associado às opções de tratamento limitadas e 

pouco efetivas. Além disso, a escassez de marcadores prognóstico dificulta o 

estabelecimento de um protocolo de tratamento adequado e individualizado para 

pacientes com câncer (ALQAHTANI et al., 2019; CHEN et al., 2021; SORIA et al., 

2019; WOODARD; JONES; JABLONS, 2016). Sendo assim, é evidente a 

necessidade de estudos para a identificação não só de novos marcadores 

prognóstico, mas também de novas opções de tratamento para o câncer. 

Neste contexto, diferentes estudos têm relatado que a interação das 

quimiocinas com seus receptores é responsável por ativar vias de sinalização 

importantes para a proliferação, migração e invasão de células tumorais através de 

diversos mecanismos (KORBECKI et al., 2020; MOLLICA POETA et al. , 2019). Em 

particular, o receptor de quimiocinas CCR5 demonstrou estar envolvido em 

diferentes estágios do desenvolvimento e progressão do câncer, sugerindo que sua 

inibição representa um importante alvo para o tratamento antineoplásico 

(CASAGRANDE et al., 2019; HUANG et al., 2020; JIAO et al., 2018; NIE et al., 2019; 

PERVAIZ et al., 2015; SICOLI et al., 2014; TANABE et al., 2016; WANG et al., 2017) 

  Sendo assim, vários pesquisadores têm investigado o impacto dos inibidores 

de CCR5 (Maraviroc, Leronlimabe, Anibamina, Composto 18, Composto 38, TAK-

779 e Anticorpo anti-CCR5) no desenvolvimento de diferentes tipos de câncer 

(Arnatt CK et al, 2013; Jiao X et al, 2021; Menu E et al, 2006; Sicoli D et al, 2014; 

Zhang F et al, 2012; Zhou Q et al, 2020). Embora resultados promissores tenham 

sido relatados, a eficácia e a segurança desses tratamentos, bem como a qualidade 

dos estudos que os apresentaram, precisam ser analisadas antes de sua aplicação 

na prática clínica. 

Assim, o objetivo do presente estudo foi avaliar não apenas a qualidade dos 

estudos pré-clínicos em animais, mas também as abordagens que foram usadas 
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para inibir o CCR5, bem como seus efeitos no desenvolvimento do câncer. Além 

disso, tendo em vista a escassez de estudos sobre o papel de CCR5 no contexto da 

carcinogenese oral, também foi avaliada a expressão deste receptor em diferentes 

linhagens celulares de carcinoma de células escamosas e os efeitos de sua inibição 

pelo tratamento com maraviroc. Esta dissertação foi elaborada na forma de dois 

artigos conforme as determinações da UNIFAL-MG, sendo o primeiro uma revisão 

sistemática e o segundo artigo, um estudo in vitro. 
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ABSTRACT 

 

In view of the role of the CCR5 chemokine receptor in tumor development and 

progression, several researchers have investigated the effects of its inhibition in 

different types of cancer. Although promising results have been reported, the efficacy 

and safety, as well as the quality of the studies that present them, need to be 

analyzed before their application in clinical practice. Thus, the aim of this study was 

to evaluate approaches that have been used to inhibit CCR5 and its effects on 

cancer development. In addition, we also assessed the methodological quality of 

preclinical animal studies. This systematic review was performed according to 

PRISMA guidelines, retrieving and analyzing 21 original studies. To analyze the risk 

of bias and the quality of preclinical studies, the SYRCLE tool (Systematic Review 

Center for Laboratory Animal Experimentation) was used. Despite the wide 

methodological variability found in the reviewed studies, some common 

characteristics were observed. Most experiments (85.71%; n= 18) used 

immunosuppressed mice in their induction models. Furthermore, the response to 

treatment of CCR5 inhibition was primarily assessed by measuring tumor size in 

most studies (90.47%; n=19). Maraviroc was the most used CCR5 inhibitor in the 

experiments (76.19%; n=16). Our results provided significant evidence that CCR5 

inhibition represents an important target for cancer treatment. On the other hand, by 

mapping the risk of bias across all investigated studies, this review provides objective 

support to delimit future studies with greater methodological rigor, providing 

unequivocal evidence on the impact of CCR5 inhibition on cancer development and 

progression. 

 

Keywords:  Chemokine receptor; CCR5; Cancer; malignant neoplasms; Systematic 

review   
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1 INTRODUCTION 

 

Cancer represents a serious public health problem worldwide due to its high 

incidence, prevalence and mortality (SUNG et al., 2021). Annually, 19.3 million new 

cases of cancer are expected worldwide and an estimated 9.96 million deaths from 

this disease (GLOBOCAN, 2020). These results are associated with the limited and 

ineffective options of available anticancer treatments. In addition, the absence of 

prognostic markers in most types of cancer hinders the therapeutic planning 

(ALQAHTANI et al., 2019; CHEN et al., 2021; SORIA et al., 2019; WOODARD; 

JONES; JABLONS, 2016). Thus, it extremely necessary not only to search new 

prognostic markers but also to identify new therapeutic options. 

In this context, several studies have reported the role of chemokines as well 

as their receptors in different stages of tumor development and progression 

(NAGARSHETH; WICHA; ZOU, 2017; OZGA; CHOW; LUSTER, 2021; SARVAIYA et 

al., 2013). In particular, the chemokine receptor CCR5 has been shown to be an 

important target of study due its contribution on different steps of tumor growth and 

development (ARNATT, C K et al., 2013; JIAO et al., 2018; VELASCO-VELÁZQUEZ 

et al., 2012; ZHANG et al., 2012).  

The CCR5 chemokine receptor belongs to the superfamily of receptors with 

seven G protein-coupled transmembrane domains that bind a variety of cytokines, 

including CCL3 (MIP1α), CCL3L1, CCL4 (MP-1β), CCL5 (RANTES), CCL8 (MCP2), 

CCL11 (Eotaxin), CCL13 (MCP-4) and CCL16 (HCC-4) (OPPERMANN, 2004; 

VELASCO-VELÁZQUEZ; XOLALPA; PESTELL, 2014). This receptor is expressed 

and modulates the physiological functions of various immune (T lymphocytes, 

macrophages, eosinophils, myeloid suppressor cells, microglia and dendritic cells) 

and stromal (fibroblasts, endothelial and adipose cells) cells (ALDINUCCI; 

BORGHESE; CASAGRANDE, 2020). Furthermore, CCR5 is also highly expressed in 

different types of cancer (CASAGRANDE et al., 2019; MENU et al., 2006; SALES et 

al., 2014; SINGH et al., 2018; VELASCO-VELÁZQUEZ et al., 2012). 

Different studies have shown not only indirect effects of CCR5 by promoting 

the migration of different cell types to the tumor microenvironment, but also its direct 

effects when expressed by the cancer cells (DE OLIVEIRA et al., 2017; JIAO et al., 

2018; MENCARELLI et al., 2013; NIE et al., 2019; TANABE et al., 2016). 

Accordingly, its high expression has been associated with poor prognosis in breast, 
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colorectal, renal and gastric cancer patients (JIAO et al., 2018; MENCARELLI et al., 

2013; NISHIKAWA et al., 2019; ZHOU et al., 2020).  

This potential role in carcinogenesis has been explored by several studies 

investigating the impact of CCR5-inhibitors on cancer development (ARNATT, C K et 

al., 2013; JIAO et al., 2021; MENU et al., 2006; SICOLI et al., 2014; ZHANG et al., 

2012; ZHOU et al., 2020). Although promising results have been reported in different 

types of cancer, the efficacy and safety of these treatments, as well as the quality of 

the studies that presented them, need to be analyzed before their application in 

clinical practice. 

So, considering the role of chemokine receptors in the pathogenesis and 

progression of tumor lesions and that currently available evidence is fragmented, the 

present study uses a systematic review framework to investigate the impact of CCR5 

inhibitors on cancer treatment in animal preclinical models. In addition to mapping the 

cancer types and CCR5 inhibitors investigated, the dosimetry characteristics and the 

effect of these inhibitors on histopathological, biochemical and immunological 

outcomes, as well as tumor progression and survival rates were investigated. The 

methodological quality of all reviewed studies was evaluated, pointing out the main 

limitations/sources of bias in the accumulated evidence that must be overcome in 

further investigations. 

 

2 METHODS 

 

2.1 GUIDING QUESTION AND DEFINITIONS 

 

Our guiding question was structured considering the PICO (P= Problem, I= 

Intervention, C= Comparison and O= outcome) strategy (ERIKSEN; FRANDSEN, 

2018). Thus, the following guiding question was adopted in this review: Could 

animals with cancer and treated with CCR5 inhibitors exhibit improved 

histopathological, biochemical and immunological outcomes, as well as reduced 

tumor progression and mortality rates compared to untreated animals? We defined a 

structured methodological protocol to answer this question, which was registered in 

the PROSPERO (International Prospective Register of Systematic Reviews) 

database (register number CRD42023368156).  

To guide the definitions adopted in this review, the terms "cancer" and "tumor 
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progression" were defined as follows: Cancer development refer to a multistep 

process in which cells gradually become malignant through a progressive series of 

alterations involving mutation which progressively increasing its capacity for 

proliferation, survival, invasion, and metastasis (COOPER, 2000). Tumor progression 

refer to phenotypic (morphological, molecular, and functional) changes in an already-

formed neoplastic lesion  (CONTI, 2010).  

 

2.2 SEARCH STRATEGY AND RESEARCH ALGORITHM 

 

To retrieve research records, four different electronic databases were used, 

which consisted of two levels of search: (i) direct search in electronic databases and 

(ii) indirect screening of reference lists of all studies identified in the direct search 

(ALTOÉ et al., 2019). The Pubmed/Medline, Scopus, Web of Sciences and EMBASE 

databases were used in the primary search. A strategy based on specific search 

algorithms was developed for each database. Thus, structured search filters stratified 

into three complementary levels was used as follows: (i) disease (cancer), (ii) 

intervention (CCR5 inhibitors) and (iii) type of study. Initially, filters were developed 

for the PubMed/Medline search engine using standardized descriptors obtained from 

the MeSH (Medical Subject Headings) thesaurus and relevant indexing keywords 

related to the topic. The descriptors and keywords were combined by Boolean 

operators (AND/OR), as well as the search algorithms [MeSH Terms] and 

[Title/Abstract] (FELIZARDO et al., 2018). The same search strategy was adapted to 

the Embase, Scopus and Web of Science databases using the specific syntax and 

search algorithms recognized by the search machine associated to each database 

(e.g., de,ab,ti, TITLE-ABS-KEY and TS=, respectively). The search limit "NOT 

[MEDLINE]/lim" was applied in Embase to exclude duplicate studies on Medline. A 

similar strategy was applied in Scopus, using the search limit “AND NOT (INDEX 

(medline)”. Chronological limits were not adopted (MARCELINO et al., 2022). The 

complete search strategy and the results found are described in table 1. 

 

2.3 PRISMA WORKFLOW AND RECORDS SCREENING 

 

The PRISMA workflow was applied considering two research strategies: (i) 

primary search in four comprehensive electronic databases (PubMed-Medline, 
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Embase, Scopus and Web of Sciences), and (ii) secondary search through manual 

screening of the reference list of all relevant studies retrieved in the primary search 

(MOHER et al., 2009; PAGE et al., 2021). 

In this review, only animal model studies that investigated the potential effect 

of CCR5 blockade on tumor development and progression were included. Initially, all 

search records retrieved in electronic databases were loaded into the Mendeley 

Reference Management Program (Mendeley, London, Westminster, UK), which was 

used to remove duplicates by comparing indexing metadata (e.g., titles, authors, 

year, volume, edition, publication journal, and doi) of all databases. The complete 

PRISMA workflow obtained from our search strategy is presented in figure 1. 

 

2.4 ELIGIBILITY CRITERIA AND INTER-RATER AGREEMENT 

  

 Studies were considered eligible and included when: (i) preclinical studies (ii) 

investigations based on specific inhibition of the CCR5 chemokine receptor, (iii) 

cancer studies, (iv) investigations of the direct and/or indirect effect of CCR5 

inhibition on cancer development. Studies were considered irrelevant and excluded 

when: (i) exclusively investigating in vitro or human systems, (ii) secondary research 

(e.g. literature reviews, editorials, letters, notes and conference abstracts), (iii) gray 

literature (studies that were not formally published or peer-reviewed), (iv) absence of 

untreated control group, (v) studies with combined treatments where was not 

possible to isolate the effect of CCR5 receptor inhibition, (vi) studies where there was 

knowdown and/or silencing of the CCR5 gene. All exclusion criteria were equally 

applied in the primary and secondary search strategies. 

Eligibility criteria were analyzed by 2 independent researchers (J.L.C.A. and  

C.E.O.), minimizing selection bias. Thus, both evaluators removed duplicated 

registers, screened titles and abstracts. Disagreements were analyzed by refereeing 

a third expert researcher (N.K.C.) at all stages of manuscript selection. Concluded 

the PRISMA-based selection, the results of inclusion and exclusion obtained by the 

evaluators was used to calculate the inter-rater agreement based on the kappa 

coefficient (MCHUGH, 2012). 
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2.5 DATA EXTRACTION 

 

Data extraction from pre-clinical in vivo studies was categorized as follows: (i) 

publication characteristics: authors, year of publication, and country in which the 

study was conducted; (ii) Experimental model: Animal species, lineage, sex and age; 

(iii) Specific treatment: CCR5 specific inhibition/blocking drug, concentration, 

frequency, time and rout of treatment; (iv) Disease model: only cancer; and (v) 

Reproductive outcomes: inhibition of tumor growth and/or cell proliferation, promotion 

of cell apoptosis, metastasis inhibition, metastasis remission, tumor size decrease, 

inhibition of antineoplastic treatment resistance and blockade of angiogenesis. 

 

2.6 RISK OF BIAS  

 

The SYRCLE's risk of bias tool was used to assess potential sources of bias in 

animal studies. This tool is based on the Cochrane Risk of Bias (ROB) tool and was 

originally adjusted for specific aspects of bias that have a relevant impact on animal 

intervention studies. The SYRCLE's tool is structured into ten topics, which are 

related to potential sources of bias, such as: (i) selection, (ii) performance, (iii) 

detection, (iv) friction, (v) reporting and (vi) additional sources of bias not covered by 

other domains (HOOIJMANS et al., 2014). The overall and individual result obtained 

from the SYRCLE's strategy was graphically expressed using the Review Manager 

(RevMan) software, version 5.3 

 

3 RESULTS 

 

3. 1 CHARACTERISTICS AND GEOGRAPHIC DISTRIBUTION OF INCLUDED 

STUDIES 

 

Our primary search strategy recovered 412 records, of which 16 studies were 

selected following the application of our eligibility criteria. From the secondary 

search, 5 additional studies were identified in all reference lists and were included in 

the systematic review (Figure1). The search filters applied to all electronic databases 

and a flowchart with the complete PRISMA-based strategy is shown in Table 1 and 

Figure 1, respectively. The Kappa coefficient (κ = 0.947) indicated an almost perfect 
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agreement between the two independent reviewers who conducted the direct and 

indirect search for relevant studies (Table 2). Most studies identified (33.33% n = 7) 

were developed from United States of America (USA), followed by China (14.29% n = 

3), Italy (9.52% n = 2), Spain (9.52% n = 2), Japan (9.52% n = 2), Germany (9.52% n 

= 2), Belgium (4.76% n = 1), Canada (4.76% n = 1) and Egypt (4.76% n = 1). 

 

3.2 CHARACTERISTICS OF ANIMAL MODELS 

 

There was a predominance of studies (85.71%; n= 18) that used mice as an 

animal model, while only 3 (14.29%) studies used rats. The main lineage used in 

these studies was NUDE (28.57%; n=6 mice and 9.53%; n=2 rats). Moreover, 5 

(23.81%) studies reported NOD/SCID mice, 3 (14.29%) studies reported C57 mice, 3 

(14.29%) studies reported Balb/c mice, 1 (4.76%) study reported using FVB mice, 

and 1 (4.76%) study used WAG rat (Table 3). Most studies (42.86%; n=9) used only 

female mice, 7 (33.33%) studies reported only male mice use, 2 (9.52%) studies 

used both male and female mice and 3 (14.29%) studies did not specify the sex of 

the animal used (Table 3). There was no animals age standardization. In 10 (46.61%) 

studies, 8-week-old animals were used, however, only 3 studies have this age well 

established, while the other 7 studies showed variation between the ages of the 

animals (5-8 weeks; 8-12 weeks). Two (9.52%) studies did not inform the animal age 

(Table 3). 

 

3.3 CHARACTERISTICS OF TUMOR MODELS 

 

Breast cancer (n= 6, 28.57%) was the most prevalent cancer type reported, 

followed by colorectal and prostate cancer (14.29%; n=3 studies each), pancreatic 

and gastric cancer (9.52%; n=2 studies each). Multiple myeloma, Hodgkin's 

lymphoma, liver, kidney and lung cancer were reported in 1 study (4.76%) each 

(Table 3). Most studies used the injection of cancer cells by different routes, including 

subcutaneous (42.85%; n= 9), intravenous (28.57%; n= 6), intraperitoneal and 

intracardiac (4.76%; n= 1 each). One study (4.76%) did not specify the route through 

by the tumor cells were injected was specified. The remain studies used tumor tissue 

orthotopic implantation (n= 4, 19.04%) and cancer induction by choline-deficient diet 

supplemented with ethionine (CDE) (n=1, 4.76%) (Table 3).  
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In most studies (66.67%; n=14), the treatment started immediately after the 

confirmation of tumor presence. In one specific study of these, additional trials were 

also performed starting treatment 10 days after and 5 days before cancer cell 

injection. Although the treatment has been started after cancer cells injections, the 

interval between tumor induction and initiation of treatment was quite variable in 6 

studies (28.57%), as shown in the table 4. In addition, only 1 study (4.76%) started 

treatment 5 days before tumor cell injection (Table 4). 

 

3.4 CHARACTERISTICS OF THE TREATMENT PROTOCOLS  

 

Table 4 presents the main characteristics of the treatments protocol addressed 

in each study. To assess the effects of CCR5 inhibition on cancer, most studies 

(71.43%; n=15) used Maraviroc (MVC). Only 1 (4.76%) study performed independent 

trials to evaluated not only MVC but also Leronlimab effects on CCR5 inhibition in 

cancer. The treatment was also performed with TAK-779 in 2 (9.52%) studies, 

Compound 18 and Anti-CCR5 antibody in 1 (4.76%) study each. Independent assays 

with Anibamine and Compound 38 was reported in 1 (4.76%) study only (Table 4). 

The dose and frequency of treatment were quite heterogeneous. The main route for 

drug administration was intraperitoneal (47.62%; n= 9), followed by oral (28.57% n= 

06) and intravenous route (9.52%; n=2). Only one study (4.76%) administered the 

treatment not only intraperitoneally, but also orally. Intratumoral injection, 

subcutaneous and systemic routes were reported in 1 (4.76%) study each (Table 4). 

The vehicle used in the control group was not informed in 5 (23.80%) studies. In the 

remains studies, DMSO (28.57%; n=6), saline solution (9.52%; n=2), water (14.28%; 

n=3), isotype control antibody (n=3), PBS (4.76%; n=1) or 5% mannitol (4.76%; n=1) 

were used in the control group (Table 4).  

 

3.5 EFFECT OF CCR5 INHIBITION ON CANCER OUTCOMES 

 

A wide variety of outcomes associated with CCR5 inhibition were observed, 

however, the main outcome reported was tumor size reduction. The reduction of 

primary tumors  was related to different mechanisms including the reduction of the 

migration of fibroblasts, macrophages, mesenchymal stem cells and Treg cells to the 

tumor microenvironment (CASAGRANDE et al., 2019; NIE et al., 2019; NISHIKAWA 
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et al., 2019; TAN et al., 2009; TANABE et al., 2016); reduced cancer cell proliferation 

(ARNATT, Christopher K. et al., 2013; ZAZO et al., 2020; ZHANG et al., 2012); 

suppression of DNA Methyltransferase 1 (WANG et al., 2017); cancer cell necrosis 

(ZHOU et al., 2020); and cellular apoptosis and decreased proliferation in a CDE 

diet-induced model (Table 5) (OCHOA-CALLEJERO et al., 2013). Of studies  that 

analyzed the reduction in size of metastatic tumors, only one clarified its reduction by  

intratumoral necrosis and decrease of cancer cell proliferation (MENCARELLI et al., 

2013). In contrast, one study  reported that CCR5 inhibition did not affect tumor size 

(HALVORSEN et al., 2016). Moreover, only one study  did not assess tumor growth 

(Table 5) (MENU et al., 2006). 

Among other effects reported, there are increased animal survival 

(CASAGRANDE et al., 2019; JIAO et al., 2021; OCHOA-CALLEJERO et al., 2013), 

maintenance of body weight (CASAGRANDE et al., 2019; MENCARELLI et al., 2013; 

OCHOA-CALLEJERO et al., 2013), remission of metastases (PERVAIZ et al., 2021), 

reduction of metastatic tumor burden (SICOLI et al., 2014), reduction in the number 

of macroscopic tumors (OCHOA-CALLEJERO et al., 2013; VELASCO-VELÁZQUEZ 

et al., 2012), besides to the reduction of bone lesions (Table 5) (MENU et al., 2006). 

The microstructural outcomes were related to the reduction of metastatic cells 

(HALVORSEN et al., 2016; VELASCO-VELÁZQUEZ et al., 2012), decreased cell 

migration to the bone marrow (BM) and lower angiogenesis (MENU et al., 2006), 

decrease in the number of microscopic tumors and percentage of hepatic fibrotic 

area (Table 5) (OCHOA-CALLEJERO et al., 2013). 

Among immunological findings, a reduction in the rate of leukocyte destruction 

was observed, as well as the reduction of growth factors and cytokines in primary 

tumors (Table 6) (CASAGRANDE et al., 2019; HALVORSEN et al., 2016; OCHOA-

CALLEJERO et al., 2013; TAN et al., 2009; TANABE et al., 2016; ZHOU et al., 2020). 

Furthermore, only 1 study reported a biochemical outcome related to decreased 

levels of markers of liver damage, which include transaminases, alkaline 

phosphatase and bilirubin (Table 6) (OCHOA-CALLEJERO et al., 2013). 

 

3.6 RISK OF BIAS BY SYRCLE TOOL 

 

The results of the bias analysis based on the SYRCLE tool are detailed in 

Table 7 and summarized in Figure 2. No reviewed study met all methodological 
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quality criteria, indicating potential risks of bias in different domains evaluated. 

Aspects of methodological quality, such as investigator blindness of treatment 

groups, blindness of animals randomly selected for evaluation, and evaluator 

blindness during data collection, were underestimated in all studies (Table 7). In 

addition, animal allocation sequencing, baseline animal characteristics, allocation 

concealment, and random housing of animals were not well described in most of the 

reviewed studies. On the other hand, incomplete result data (76.19; n=16), selective 

results (71.42; n=15), other potential sources of bias (90.47; n=19), the route of 

administration and the type of treatment adopted (95.23%, n=20), induction model 

(95.23%, n=20) and the tests used in each study (71.42, n = 15) were the best 

evaluated domains (Table 7). 

 

4 DISCUSSION 

 

In view of the high incidence and mortality rates associated with various 

cancers worldwide, CCR5 inhibitors are potentially relevant for the development of 

more efficient anticancer therapies (ARNATT, C K et al., 2013; JIAO et al., 2021; 

MENU et al., 2006; SICOLI et al., 2014; ZHANG et al., 2012; ZHOU et al., 2020). 

Thus, we propose to evaluate not only the quality of preclinical animal studies but 

also the approaches that have been used to inhibit CCR5 as well as their effects on 

cancer development. 

Most scientific evidences about the antineoplastic effects of CCR5 inhibition 

was produce in studies performed in USA and China. Accordingly, this result reflects 

the map of the scientific landscape related to cancer research, which highlights these 

countries as responsible for the largest production volume in this area (CABRAL; DA 

GRAÇA DERENGOWSKI FONSECA; MOTA, 2018). A reasonable explanation for 

the increased knowledge generation in these countries is the substantial increase in 

investment in this research field. In addition, China’s increased publications over time 

has been also attribute to the efforts to deal with the leading cause of death in this 

country since 2010 (CABRAL; DA GRAÇA DERENGOWSKI FONSECA; MOTA, 

2018; XIA et al., 2022). 

Although most studies have shown wide methodological variability, there was 

a predominance of studies that used immunosuppressed mice as animal model. 

However, neither sex nor age of the animals was standardized in the studies 
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analyzed. In fact, the pre-clinical in vivo study of the drugs in small animal models, 

especially in inbred mice, has become an essential step for cancer research (YANG, 

2021). Mice are good animals to create tumor models because they are low cost, 

have a short reproductive cycle, exhibit high tumor growth rates, and can be easily 

genetically modified (CHULPANOVA et al., 2020). However, the obvious problem of 

these models is the high failure rate observed in human clinical trials after promising 

results obtained in mouse models (CHULPANOVA et al., 2020; TIAN et al., 2020). In 

this context, the use of immunocompromised mice xenografted with human cancer 

cells become a valuable model for anticancer drug efficacy investigation by simulate 

the physiology of cancer patients (SAJJAD et al., 2021; TIAN et al., 2020; YANG, 

2021). Among the advantages also related to these models are included the fact that 

tumor is derived exclusively from Homo sapiens, the easy reproducibility to obtain 

and monitor the growth of a homogeneous tumor mass in almost any part of the 

body, the rapid tumor development and the possibility to study a specific type of 

cancer (SAJJAD et al., 2021; TIAN et al., 2020; YANG, 2021). Therefore, the 

predominance of the use of athymic nude mice (T-cell-deficient) or severe combined 

immunodeficiency (T/B/NK cell deficiency and macrophage tolerance for human 

cells) NOD/SCID mice in most studies that we retrieved represented good choice. 

The parameter of sex was largely ignored across most studies analyzed. 

Excluding reproductive cancer models, most studies have used only male or female 

animals. Only few studies have not ignored sex disparity and analyzed the treatment 

response not only in male but also in female mice. The negligence of sex disparities 

in preclinical models reduce significantly cancer research robustness (HAUPT et al., 

2021). It is extremely important to analyze treatment response in both sex because 

even non-reproductive cancers progression is influenced by sex hormones 

(CLOCCHIATTI et al., 2016). Hence, to avoid risks of bias due inherent to sex 

differences, including vulnerabilities to genomic damage, metabolism, immune 

defense, response to treatment, among others, it is mandatory to carry out preclinical 

studies in animals of both sexes in order to provide robust foundations for new 

cancer therapies (HAUPT et al., 2021). 

The onset of most cancers takes place in middle and old age (LI; HAIDER; 

BOUTROS, 2022). However, most preclinical studies we analyzed ignored the impact 

of aging on cancer by selecting young animals aged 5-12 weeks, equivalent to 

humans aged approximately 12 to 30 years (CHATSIRISUPACHAI; LAGGER; DE 
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MAGALHÃES, 2022; DUTTA; SENGUPTA, 2016). In addition to the accumulation of 

somatic mutations with age, tissue microenvironment changes during aging 

contribute to tumor initiation, progression and metastasis, and even affect the 

treatment effectiveness (CHATSIRISUPACHAI; LAGGER; DE MAGALHÃES, 2022; 

LI; HAIDER; BOUTROS, 2022). Thus, this lack of consistency regarding aging 

among preclinical studies clearly impairs the reproducibility of findings as well as the 

optimization of treatment strategies (LI; HAIDER; BOUTROS, 2022). So, to 

investment in rigorously designed animal models that account inherent influences of 

lineage, sex and age of the animals for tumor biology is essential not only to avoid 

misinterpretation risk and bias, but also to boost the ability of preclinical work to 

predict drug effects in humans. 

The main types of cancer in which the effects of CCR5 blockade have been 

studied reflect the incidence and mortality landscape by this disease worldwide. In 

fact, with the exception of breast cancer, colorectal, prostate and gastric cancers just 

do not occur as frequent as lung ones (SUNG et al., 2021). Although most studies 

have used the injection of cancer cells to establish tumors, the routes were quite 

variable including subcutaneous, intravenous, intraperitoneal and intracardiac or 

even not informed. This preclinical model induced by cancer cell transplantation, 

especially into immunosuppressed mice, is a valuable approach for clinical 

predictability of anticancer drugs in humans (SAJJAD et al., 2021). Although there is 

no a perfect model, tumor grafts retain genomic alterations similar to primary human 

tumors as well as gene expression pattern, mimicking at least some features of 

human cancer (KNUDSEN et al., 2018). Nonetheless, once cancer cell lines were 

transplanted by different routes and in a non-native microenvironment, they might 

give different responses and even lose their ability to metastasize (GOODSPEED et 

al., 2016) and consequently increase fail chance to reproducibility of the results in 

clinical trials. 

We found that most studies prioritized analysis of a single CCR5-inhibitor 

among which MVC was predominant, followed by TAK-779, compound 18, 

Leronlimab, anti-CCR5 antibody, Anibamine, and compound 38. Among these, only 

MVC and the humanized monoclonal antibody leronlimab are already approved by 

the Food and Drug Administration (FDA) for the treatment of patients infected with 

human immunodeficiency virus type 1 (HIV-1). These drugs' ability to selectively 

inhibit CCR5, in addition to its excellent safety profiles and clinical efficacy, has 
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spurred investigation about its effects in cancers with high expression of this receptor 

(FÄTKENHEUER et al., 2008; KAPLON; REICHERT, 2018). The predominance of 

studies with MVC is justified by reduced cost and time of its repositioning compared 

with drug development such as Anibamine that is a natural CCR5 antagonist, isolated 

from Aniba panurensis, from which a series of analogues were also developed 

including compound 38 and compound 18 that were evaluate in prostate cancer 

models (ARNATT, Christopher K. et al., 2013; ZHANG et al., 2012). Only one study 

used the anti-ccr5 antibody to evaluate CCR5 inhibition effects on kidney cancer 

(ZHOU et al., 2020). On the other hand, despite have been used in two reports, TAK-

779 (a quaternary ammonium derivative, also developed to prevent the entry of the 

HIV virus into human cells via CCR5) is not released for clinical use yet (BABA et al., 

1999; SHIRAISHI et al., 2000).  

Dosage schedules and drug delivery methods were also quite heterogeneous, 

impairing the comparison of results among themselves, as well as their 

reproducibility. The main route for drug administration was intraperitoneal, followed 

by oral, intravenous, intratumoral injection, subcutaneous and systemic. The choice 

by these invasive methods for drug administration may hinder the drug absorbance 

and drug metabolism (SAJJAD et al., 2021). On the other hand, another concern is 

related to the two studies that reported oral drug treatment without specifying 

whether delivery was performed by gavage or drinking water limiting the dose-

dependent responses comparation due undefined amount of medication ingested at 

ad libitum exposure model (MENCARELLI et al., 2013; SICOLI et al., 2014). In 

addition, the robustness of five studies was also impaired due lack of control-related 

information including dose and/ or vehicle used. 

Response to CCR5 inhibition treatment was primarily assessed by tumor size 

measurement. Although most studies reported a tumor size reduction, the 

mechanisms underlining to this was quite variable or unclarified. In fact, the linear 

measurements of tumor size form the basis for assessing treatment response in 

many clinical trials of anticancer therapeutics. However, due to some technical 

aspects that limit the volumetric evaluation, a joint effort should have been made not 

only to qualify the tumor volume, but also to clarify its underlying mechanisms 

(GOLDMACHER; CONKLIN, 2012). Only a few CCR5-induced hallmarks of cancer, 

including cancer cell homing to metastatic sites, enhancing pro-inflammatory and 

pro-metastatic immune phenotype, and enhancing DNA repair, providing aberrant cell 
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survival and resistance to DNA-damaging agents (JIAO et al., 2019), were 

occasionally analyzed in specific studies. In addition to reduced migration of 

fibroblasts, macrophages, mesenchymal stem cells, and Treg cells into 

microenvironment, primary tumors reduced were attributed to suppression of DNA 

Methyltransferase 1, lower proliferation, and induction of apoptosis of the tumor cells 

themselves. The level of liver damage markers were taking in account in only one 

study (OCHOA-CALLEJERO et al., 2013). Among the studies related to metastatic 

tumors, only one clarified its reduction by intratumoral necrosis and decrease of 

cancer cell proliferation. The remaining studies disregarded the evaluation of the 

metastatic tumor or did not identify its reduction. All these variations on experimental 

design may account, at least in part, for failure of cancer therapies to achieve efficacy 

in clinical phase trials (GOLDMACHER; CONKLIN, 2012; TIAN et al., 2020).  

Considering a critical interpretation of the evidence, most of the reviewed 

studies presented potential risks of bias in the different domains evaluated. In 

general, the methodological quality was questionable in the articles due to the 

absence of detailed information about the allocation and randomization of the 

animals, baseline characteristics, blindness of the evaluation of the results and of the 

interventions that the animals received and evaluation of the results. Unfortunately, 

despite methodological advances and the availability of more sensitive and specific 

analytical tools, elements of bias are continually replicated. On the other hand, we 

observed that the best evaluated domains were data on incomplete results, reporting 

of selective results, other potential sources of bias, route of administration and type 

of treatment adopted, induction model and the statistical tests used in each study. It 

is important to emphasize that these bias elements do not indicate flaws in the 

experimental protocols, they only indicate limitations in the research report. Thus, it 

was clear the need preclinical cancer models standardization with focus on bias-

reducing methods not only to improve the quality of the reports but also to decrease 

possible speculations about false-positive results. Hence, new well designed 

preclinical studies backed by evidence of their ability to predict clinical success or 

even failure of CCR5 inhibition in cancer are needed. 

 

5 CONCLUSION 

 

Our results provided significant evidence that CCR5 inhibition represents an 
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important target for cancer treatment. The use of immunosuppressed mice was an 

important approach to investigate the effectiveness of CCR5 inhibitors, since these 

animals have the ability to simulate the physiology of cancer patients. Interestingly, 

MVC was the most used CCR5 inhibitor in the experiments and was responsible for 

significant antineoplastic effects such as reduction in tumor size, remission of 

metastases and increased animal survival. The use of MVC represents an important 

strategy given the reduced cost and time that its repositioning has in relation to other 

CCR5 inhibitors that are not yet approved for use in clinical practice. Furthermore, by 

mapping the risk of bias across all investigated studies, this review provide objective 

support to delimit future studies with greater methodological rigor, accounting 

unequivocal evidence on the impact of CCR5 inhibition on cancer development and 

progression. 
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Table 1. Complete search strategy with search filters and number of studies recovered in 

databases PubMed-Medline, Embase, Scopus, and Web of Science 

PubMed-MEDLINE – Search filters Records 

#1 Disease: (neoplasm[MeSH Terms] OR neoplasms[MeSH Terms] OR 

cancer[Title/Abstract] OR "cancerous lesions"[Title/Abstract] OR "tumor 

lesions"[Title/Abstract] OR "malignant lesions"[Title/Abstract]) 

4.270.020 

#2 Intervention (CCR5 inhibitor): ("CCR5 Receptor 

Antagonists"[MeSH Terms] OR CCR5[Title/Abstract] OR "CCR5 

Antagonism"[Title/Abstract] OR "CCR5 inhibitors"[Title/Abstract]) 

9.658 

#3 Type of study: (preclinical[Title/Abstract] OR "in vivo"[Title/Abstract]) 
1.127.887 

#4 Combined search (#1 AND #2 AND #3) 
106 

*Database search was concluded in August 11, 2022 at 17:03 p.m.  

 

Embase – Search filters Records 

#1 Disease: (neoplasm:de,ab,ti OR cancer:de,ab,ti OR "cancerous 

lesions":de,ab,ti OR "tumor lesions":de,ab,ti OR "malignant lesions":de,ab,ti)  
4.506.488 

#2 Intervention (CCR5 inhibitor): ("CCR5 Receptor Antagonists":de,ab,ti OR 

CCR5:de,ab,ti OR "CCR5 Antagonism":de,ab,ti OR "CCR5 inhibitors":de,ab,ti)  
18.161 

#3 Type of study: (preclinical:de,ab,ti OR "in vivo":de,ab,ti) 1.508.851 
 

#4 Combined search: #1 AND #2 AND #3 
304 

#5 Search limit: NOT ([MEDLINE]/lim) 
137 

*Database search was concluded in August  11, 2022 at 17:15 p.m.  
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Table 1 (continuation).  

SCOPUS – Search filters Records 

#1 Disease: (TITLE-ABS-KEY(neoplasm) OR TITLE-ABS-KEY(cancer) OR 

TITLE-ABS-KEY("cancerous lesions") OR TITLE-ABS-KEY("tumor lesions") 

OR TITLE-ABS-KEY("malignant lesions"))  

4.605.773 

 

 

#2 Intervention (CCR5 inhibitors):  (TITLE-ABS-KEY("CCR5 Receptor 

Antagonists") OR TITLE-ABS-KEY(CCR5) OR TITLE-ABS-KEY("CCR5 

Antagonism") OR TITLE-ABS-KEY ("CCR5 inhibitors"))  

15.516 

#3 Type of study: (TITLE-ABS-KEY(preclinical) OR TITLE-ABS-KEY("in 

vivo")) 
1.397.129 

#4 Combined search: #1 AND #2 AND #3 
230 

#5 Search limit (Sources): AND NOT INDEX (Medline) 
36 

*Database search was concluded in August 11, 2022 at 17:21 p.m.  

 

Web of Science – Search filters Records 

#1 Disease: (TS=neoplasm OR TS=cancer OR TS="cancerous lesions" OR 

TS="tumor lesions" OR TS="malignant lesions") 

 

3.027.560 

 

 

#2 Intervention (exercise):  (TS=”CCR5 Receptor Antagonists” OR TS=CCR5 

OR TS=”CCR5 Antagonism” OR TS=”CCR5 inhibitors”) 
11.519 

#3 Type of study: (TS=preclinical OR TS=”in vivo”) 1.292.265 

#3 Combined search: #1 AND #2 AND #3 133 

*Database search was concluded in August 11, 2022 at 17:30 p.m.  
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Figure 1. PRISMA flow diagram describing the stages of selection of eligible studies 
*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the total number across all databases/registers). 
**If automation tools were used, indicate how many records were excluded by a human and how many were excluded by automation tools. 
From:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 
10.1136/bmj.n71. For more information, visit: http://www.prisma-statement.org
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Table 2. Results of the PRISMA-based study selection used to quantify Cohen's 

kappa coefficient (κ) to measure inter-rater reliability of primary search strategy 

Kappa calculation 

Researcher 1  

Paper included Paper excluded Total 

R
e

s
e

a
rc

h
e
r 

2
 

Paper included 19 02 21 

Paper excluded 0 391 391 

 Total 19 393 412 

Statistical calculator: https://www.graphpad.com/quickcalcs/kappa1/  

 

Number of observed agreements: 410 (99.51% of the observations) 

Number of agreements expected by chance: 373.9 ( 90.76% of the observations) 

 

Kappa= 0.947 

SE of kappa = 0.037 

95% confidence interval: From 0.875 to 1.000 

 

"One way to interpret kappa is with this scale (1): 

 Kappa < 0: No agreement 

 Kappa between 0.00 and 0.20: Slight agreement 

 Kappa between 0.21 and 0.40: Fair agreement 

 Kappa between 0.41 and 0.60: Moderate agreement 

 Kappa between 0.61 and 0.80: Substantial agreement 

 Kappa between 0.81 and 1.00: Almost perfect agreement." 

1. Landis, J.R.; Koch, G.G. (1977). The measurement of observer agreement for categorical 

data. Biometrics. 33 (1): 159-174. https://doi.org/10.2307%2F2529310 

 

 

https://www.graphpad.com/quickcalcs/kappa1/
https://doi.org/10.2307%2F2529310
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Table 3. Characteristics of tumor induction models in animals 

Author Specie/Lineage Age Sex Induction model/cell line Type of cancer 

MENU et al., 2006 
C57BL/KaLwRij 

mice 
8-10 weeks ( - ) IV injection of multiple myeloma 5T2MM cells   Multiple myeloma 

TAN et al., 2009 C57BL/6 mice 6 weeks ( - ) 
SC injection of pan02 murine pancreatic 
adenocarcinoma cell line on the left thigh 

Pancreatic Cancer 

ZHANG et al., 2012 Nude mice ( - ) Male SC injection of M12 prostate cancer cell line Prostate cancer 
VELASCO-
VELÁZQUEZ et al., 
2012 

NOD/SCID mice 8 weeks Female 
Tail vein injection of bioluminescent human  
breast adenocarcinoma MB-MDA-231 cells 

Breast cancer 

MENCARELLI et al., 
2013 

NOD/SCID mice 8 weeks Male 
IP injection of gastric cancer human cell MKN45 
SC injection of gastric cancer human cell lines 
MKN74 or MKN45 

Gastric cancer 

OCHOA-CALLEJERO 
et al., 2013 

C57BL/6 mice 5 weeks Male 
Hepatocellular carcinoma model induced by 
choline-deficient diet supplemented with 
ethionine in the drinking water 

Hepatocellular 
carcinoma 

ARNATT et al., 2013 Nude mice ( - ) ( - ) SC injection of M12 prostate cancer cell line Prostate cancer 

 SICOLI et al., 2014 FVB mice 12 weeks Male 

SC injection of bioluminescent prostate 
epithelial cells transformed with the v-Src 
oncogene at one dorsal flank or into the left 
ventricle of the heart 

Prostate cancer 

HALVORSEN et al., 
2016 

Balb/c mice 8-12 weeks Female 
Orthotopic  injection of mammary carcinoma 
4T1, 4T07 and 67NR cells into the fourth 
mammary fat pad. 

Lung cancer 

TANABE et al., 2016 
Balb/c 

Balb/c-nude 
7 weeks 

Female 
Male 

Orthotopic injection of murine colon 26 cells 
Orthotopic injection of human colon KM12C 
cells 

Colorectal cancer 

WANG et al., 2017 Nude mice 6 weeks Male 
SC coinjection of human gastric cancer AGS 
cells and human leukemic monocyte lymphoma 
U937 cells 

Gastric cancer 

JIAO et al., 2018 NOD/SCID mice 8 weeks Female 
IC injection of Luc2-expressing breast cancer 
SUM-159 cells 

Breast cancer 

(Continued) 
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Table 3. (Continued) 

Author Specie/Lineage Age Sex Induction model/cell line Type of cancer 

NISHIKAWA et al., 
2019 

KSN/slc nude 
mice 

8-11 
weeks 

Female 

SC coinjection of human colorectal cancer 
HCT116 cells transfected with CCR5 or empty 
vector plus human BM-derived MSC cells   into 
the flanks 

Colorectal cancer 

NIE et al., 2019 NOD/SCID mice 6 weeks Female 
Implantation of patient-derived malignant breast 
specimens into the mammary fat pads  

Breast cancer 

CASAGRANDE et al., 
2019 

Nude micea 
 

NSG miceb 
4 weeks 

Femalea 
 

Maleb 

Injection of classic Hodgkin lymphoma L-540 
cells into the flanka 
Injection of classic Hodgkin lymphoma L-428 
cells into the flankb 

Hodgkin 
lymphoma 

PERVAIZ et al., 2019 Nude rats 6-8 weeks Male 
Saphenous artery injection of bioluminescent 
human breast cancer MDA-MB-231 cells 

Breast cancer 

HUANG et al., 2020 Nude rats 5-8 weeks Female 
Mesenteric vein injection of bioluminescent 
human pancreatic Suit2-007 cells 

Pancreatic cancer 

ZAZO et al., 2020 SCID/beige mice 6 weeks Female 
SC injection of breast cancer BT-474.rT cells 
into the right flank  

Breast cancer 

ZHOU et al., 2020 BALB/c mice 4-6 weeks Female 

SC injection of murine renal adenocarcinoma 
RENCA cells 
Orthotopic injection of murine renal 
adenocarcinoma RENCA cells 

Renal carcinoma 

PERVAIZ et al., 2021 WAG/Rij rats 6-8 weeks Male 
Hepatic portal vein injection of bioluminescent 
rat colon adenocarcinoma CC531 cells 

Colorectal cancer 

JIAO et al., 2021 Nude mice 8 weeks Female 
Tail vein injection of bioluminescent human 
breast adenocarcinoma MB-MDA-231 cells 

Breast cancer 

From: Author 
( - ) Data not reported  
(MSC) Mesenchymal stem cells. (BM) Bone marrow. (NOD/SCID) Nonobese diabetic/severe combined immunodeficient. (NSG) NOD/SCID 
gamma chain deficiente. (FVB) Friend leukemia virus B.  
(SC) subcutaneous; (IV) Intravenous; (IP) Intraperitoneal; (IC) Intracardiac  

 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/mesenteric-vein
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Table 4. General characteristics of CCR5 blocking/inhibition interventions performed in the studies 

Author 
CCR5 

inhibitor 
Control group Treated group 

Route of 
administration 

Treatment period 

MENU et al., 2006 TAK-779 DMSO or the vehicles 
150 µg of TAK779 dissolved 
in 100 µl of 5% mannitol 

IP 1x day/ 2 days 

TAN et al., 2009 TAK-779 5% mannitol 
150 μg of TAK779 dissolved 
in 100 μl of 5% mannitol 

SC (in the flank) 
Test 1: 1× day / 7 days 

Test 2: 1x day/ 5 days 

ZHANG et al., 2012 
Anibamine; 
Compound 

38 
Saline solution 

0.3 mg/kg of the anibamine 
or compound 38 

IV (lateral tail 
vein) 

1x every 4 days/ 16 days 

VELASCO-
VELÁZQUEZ et al., 
2012 

MVC 
5% DMSO in acidified 

water 
MVC 8 mg/kg OG 

Test 1: 2x day/ 5 weeks 

Test 2:  28 days starting 
from day 10 after the 
injection of cells 

Test 3: 5 days before the 
injection of cells 

MENCARELLI et al., 
2013 

MVC Not specified 
Test 1: MVC 10 mg/kg 

Test 2: MVC 50 mg/kg 

Test 1: IP 

Test 2: O (?) 

Test 1:  7 days starting 
day 3 after tumor 
induction 

Test 2: 12 hours for 20 
days starting from day 10 
after the injection of cells 

OCHOA-
CALLEJERO et al., 
2013 

MVC Tap water 
300 mg/L of MVC in drinking 
water 

O# 17 weeks 

ARNATT et al., 
2013 

Compound 
18 

Saline solution 
Compound 18 at a dose 
of 0.3 mg/kg 

IV 
1x every four days/ 16 
days 

SICOLI et al., 2014 MVC 
5% DMSO in acidified 

water 
MVC 8 mg/kg O (?) 

12 hours for 5 days 
before the injection of 
cells 

(Continued) 
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Table 4. (Continued) 

Author 
CCR5-

inhibitor 
Control group Treated group 

Route of 
administration 

Treatment period 

HALVORSEN et al., 
2016 

MVC 
5% DMSO in acidified 

water 
MVC 31 mg/kg OG 

1x day for 14 days 
starting from day 10 after 
the injection of cells 

TANABE et al., 2016 MVC Not specified MVC 30 mg/kg O (?) 

Test 1: Every 2 days for 
15 days starting from day 
2 after the injection of 
cells 

Test 2:  Every 2 days for 
28 days starting from day 
2 after the injection of 
cells 

WANG et al., 2017 MVC Not specified MVC 10 mg/kg II Twice weekly for 24 days 

JIAO et al., 2018 MVC 
5% DMSO in acidified 

water 
MVC 08 mg/kg OG 2x day/6 weeks 

NISHIKAWA et al., 
2019 

MVC 
100 μl PBS with 5% 

DMSO 
MVC 30 mg/kg IP 

1x day for 14 days 
starting from day 7 after 
the injection of cells 

NIE et al., 2019 MVC IgG 

Test 1: MVC 10 mg/kg(A) 

Test 2: MVC 03 mg/kg(B) 

Test 3: MVC 10 mg/kg(C) 

IP 

Test 1: 2x day/ 2 days 

Test 2: 1x day/ 40 days(B) 

Test 3: 1x day/ 40 days(C) 

CASAGRANDE et al., 
2019 

MVC PBS MVC 10 mg/kg IP 

Test 1: Every day for 12 
days (L-540 cells) 

Test 2: Every other day 
for 38 days (L-428 cells) 

(Continued) 
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Table 4. (Continued) 

Author 
CCR5 

inhibitor 
Control group Treated group 

Route of 
administration 

Treatment period 

PERVAIZ et al., 2019 MVC Not specified MVC 25 mg/kg IP 

Test 1: 1x day for 4 
weeks starting from day 2 
after the injection of cells 

Test 2: 1x day for 3 
weeks starting from day 7 
after the injection of cells 

HUANG et al., 2020 MVC 
Autoclaved ddH2O and 
100 μl KolliphorR EL 

MVC 15mg/kg IP 1x day/ 21 days 

ZAZO et al., 2020 MVC Human IgG1ĸ MVC 10 mg/kg IP 
Every other day for 3 
weeks 

ZHOU et al., 2020 
Anti-CCR5 
antibody 

Isotype control antibody 
at a dose of 100 µg 

Anti-CCR5 antibody 
systemically at a dose of 
100 µg 

Systemical 2x weekly 

PERVAIZ et al., 2021 MVC 

KolliphorR EL 
(cremophor EL) as 

emulsifier (100 µl/rat) 
and double distilled 

autoclaved water was 
prepared (500 µl/rat) 

MVC at 25 mg/kg(D) IP 
1x day for 3 weeks 
starting from day 2 after 
the injection of cells 

JIAO et al., 2021 
Leronlimab; 

MVC 

Not specified 

 

Test 1: leronlimab  
2 mg/mouse 

Test 2: MVC 8 mg/kg 

Test 3: leronlimab 
2 mg/mouse 

IP 

 

Test 1:  2x weekly/ 8 
weeks 

Test 2:  2x weekly/ 8 
weeks 

Test 3:  2x weekly/ 30 
weeks. 

From: Auhtor 
(?) Incomplete information 
(MVC) Maraviroc; (IgG) Immunoglobulin G; (ddH2O) double-destilled water; (DMSO) Dimethyl sulfoxide; (PBS) Phosphate-bufferid saline 
(SC) subcutaneous; (IV) Intravenous; (IP) Intraperitoneal; (IC) Intracardiac; (II) Intratumoral injection; (O) Oral; (OG) Oral gavage 
(#)Administration through drinking water;  (A) Treatment protocol described in the material and methods; (B, C) Treatment protocol described in 
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figure 6 C; (D)  For treatment purposes, a mixture of maraviroc (25 mg/kg/rat), KolliphorR EL (cremophor EL) as emulsifier (100 µl/rat) and 
double distilled autoclaved water was prepared (500 µl/rat) 
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Table 5. Macro and microstructural outcomes of the studies included in this 
systematic review 

Author CCR5-inhibitor 
Outcomes 

Macrostructural findings 

MENU et al., 
2006 

TAK779 

Osteolytic lesions (Tibiae and femur) 
(5T2MM) 

NT: 5.97 ± 0.88 
T: 4.88 ± 1.50 

Trabecular bone area (%) 
(5T2MM) 

NT: 2.36 ± 1.07 
T: 4.28 ± 1.14 

TAN et al., 2009 TAK779 
Tumor volume/mm³ 
NT: 126.79 ± 10.59 

T: 97.36 ± 8.30 

ZHANG et al., 
2012 

Anibamine 
Compound 38 

Tumor volume/mm³ 
(Anibamine) 

NT: 268.86 ± 45.90 
T: 174.87 ± 21.85* 
(Compound 38) 

NT: 268.86 ± 45.90 
T: 96.17 ± 19.67* 

VELASCO-
VELÁZQUEZ et 
al., 2012 

Maraviroc 

Mice with metastatic tumors (%) 
NT: 84.69 
T: 50.81* 

Tumor area (μm²) x104 
NT: 8.96 ± 1.41 
T: 3.43 ± 1.14* 

Tumor growth - Lung metastasis  
(x108 p/s/cm²/sr) 
NT: 9.82 ± 4.87 
T: 0.90 ± 0.00 

Growth of established metastasis 
(x109 p/s/cm²/sr) 

NT: 0.68 ± 0.07 
T: 0.74 ± 0.05 

MENCARELLI 
et al., 2013 

Maraviroc 

Intraperitoneal injection: 
Peritoneal nodules 

(MKN45) (Nº) 
NT: 23.0 ± 2.8 
T: 7.2 ± 1.4* 

Mesenteric nodules 
(MNK45) (Nº) 
NT: 13.7 ± 2.4 
T: 2.4 ± 0.7* 

Total volume/mm³  
(Peritoneal and mesenteric nodules 

(MNK45) (Nº) 
NT: 832.0 ± 59.0 
T: 336.0 ± 62.0* 

Body weight loss  
(% vs day 0) 

NT: 7.91 ± 0.83 
T: 7.97 ± 1.13 

(Continued) 
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Table 5. Continued 

Author CCR5-inhibitor 
Outcomes 

Macrostructural findings 

MENCARELLI 
et al., 2013 

Maraviroc 

Subcutaneous injection (xenograft 
model): 

Volume of Nodule /mm³ 
(MKN45) 

NT: 582.36 ± 75.0 
T: 366.20 ± 48.52* 

Volume of Nodule /mm³ 
(MKN74) 

NT: 835.71 ± 128.57 
T: 442.85 ± 35.71* 

OCHOA-
CALLEJERO 
et al., 2013 

Maraviroc 

After 17 weeks treatment: 
Survival (%) 

NT: 33.78 
T: 75.34* 

Body weight (g) 
NT: 19.72 ± 1.48 
T: 24.93 ± 0.74* 

Liver relative body  weight 
NT: 0.067 ± 0.001 
T: 0.063 ± 0.000* 

Spleen relative body weight 
NT: 0.011 ± 0.001 
T: 0.006 ± 0.001* 

Number macroscopic tumors 
NT: 65.82 ± 9.11 
T: 18.22 ± 8.10* 

Tumor max. diameter (mm) 
NT: 16.50 ± 3.77 
T: 2.98 ± 0.78* 

ARNATT et 
al., 2013 

Compound 18 
Tumor volume/mm³ 
NT: 269.60 ± 87.91 
T: 95.23 ± 41.02* 

SICOLI et al., 
2014 

Maraviroc 

Total of body metastasis  
tumor burden (x109 p/s/cm²/sr) 

NT: 3.85 ± 1.40 
T: 1.65 ± 0.79 

Tibia metastasis 
(x108 p/sec/cm²/sr) 

NT: 3.93 ± 1.61 
T: 1.36 ± 0.49* 

Brain metastasis  
(x108 p/sec/cm²/sr) 

NT: 3.53 ± 1.21 
T: 1.63 ± 0.76* 

HALVORSEN 
et al., 2016 

Maraviroc 
Tumor volume/mm³ 
NT: 1234.72 ± 77.77 
T: 1098.61 ± 68.05 

(Continued) 
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Table 5. (Continued) 

Author CCR5-inhibitor 
Outcomes 

Macrostructural findings 

TANABE et al., 
2016 

Maraviroc 

Tumor volume/mm³ 
(15 days) 

NT: 154.17 
T: 76.04* 

Tumor volume/mm³ 
(28 days) 

NT: 213.15 
T: 100.65* 

WANG et al., 
2017 

Maraviroc 
Tumor volume/mm³ 
NT: 3033.81 ± 212.56 
T: 1391.30 ± 502.41* 

JIAO et al., 
2018 

Maraviroc 

Tumor volume/lung 
(×107 p/sec/cm2/sr) 

NT: 10.05 ± 4.4 
T: 3.01 ± 1.16 

NISHIKAWA et 
al., 2019 

Maraviroc 

Tumor volume/mm³ 
(HCT116-EV + MSCs) 

NT: 335.29 ± 79.41 
T: 220.58 ± 79.41 

(HCT116-CCR5 + MSCs) 
NT: 1051.09 ± 183.94 

T: 481.75 ± 157.66 

NIE et al., 2019 Maraviroc 

Tumor volume/mm3 
(at dose 3 mg/kg) 

NT: 107098.70 ± 22399.72 
T: 57399.28 ± 11899.85* 

(at dose 10 mg/kg) 
NT: 107098.70 ± 22399.72 

T: 14699.82  ± 0.00* 

CASAGRANDE 
et al., 2019 

Maraviroc 

Median survival (%) 
(L540 cells) 
NT: 13 days 
T: 15.5 days 

Tumor volume/mm3 
(L-540 cells) 
NT: 880 ± 88 
T: 435 ± 75* 

Tumor volume/mm3 
(L-428 cells) 

NT: 966.82 ± 108.05 
T: 369.71 ± 85.30* 
BODY WEIGHT (g) 

(L-540 cells) 
NT: 19.52 ± 1.09 
T: 20.98 ± 0.72 
(L-428 cells) 

NT: 24.82 ± 2.15 
T: 24.60 ± 1.94 

(Continued) 
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Table 5. Continued 

Author CCR5-inhibitor 
Outcomes 

Macrostructural findings 

PERVAIZ et al., 
2019 

Maraviroc 

Tumor growth (x109p/s/cm²/sr) 
(Treatment from 2nd day) 

NT: 6.71 ± 0.46 
T: 2.89 ± 0.44 

(Treatment from 7th day) 
NT: 6.71 ± 0.46 
T: 6.53 ± 0.72 

HUANG et al., 
2020 

Maraviroc 
Liver weight (g) 
NT: 13.75 ± 3.03 

T: 9.13 ± 1.92 

ZAZO et al., 
2020 

Maraviroc 
Tumor volume/mm² 
NT: 164.44 ± 11.85 

T: 125.18 ± 8.88 

ZHOU et al., 
2020 

Anti-CCR5 antibody 

Subcutaneous injection: 
Tumor volume/mm³ 

(112 days) 
NT: 1794.64 ± 196.42 
T: 455.35 ± 232.14* 
Tumor volume/mm³ 

(140 days) 
NT: 1782.60 ± 228.26 
T: 1728.26 ± 195.65 

PERVAIZ et al., 
2021 

Maraviroc 

Tumor growth (x1010 p/s/cm²/sr) 
NT: 8.92 ± 0.28 
T: 0.92 ± 0.00* 

Liver weight (gm) 
NT: 38.54 ± 3.35 
T: 13.40 ± 2.51* 

JIAO et al., 
2021 

Test 1: leronlimab 
Test 2: maraviroc 

Tumor size - Lung metastasis 
(x 109 p/s/cm2/sr) 

(Leronlimab) 
NT: 860 × 106 
T: 3.7 × 106 

(Maraviroc) 
NT: 860 × 106 
T: 0.4x × 106 

Treatment start at 7 weeks: 
Survival (%) - (Leronlimab)  

NT: 0.00 
T: 28.6 

(Continued) 
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Table5. Continued 

Author CCR5-inhibitor 
Outcomes 

Microstructural findings 

MENU et al., 
2006 

TAK779 

Migration of cells towards the BM (%) 
(5T2MM) 

NT: 11.60 ± 1.69 
T: 8.08 ± 1.04* 

(5T33MM) 
NT: 7.34 ± 0.97 
T: 5.30 ± 0.53* 

% positive cells in the BM 
(5T2MM) 

NT:54.44 ± 3.18 
T: 53.73 ± 4.94 

Microvessel density 
in the tibiae and femur (No) 

(5T2MM) 
NT: 26.93 ± 01.09 
T: 21.02 ± 0.43* 

VELASCO-
VELÁZQUEZ 
et al., 2012 

Maraviroc 

Lung colonization  
(Cells per field) 
NT: 9.05 ± 1.03 
T: 5.16 ± 0.87 

OCHOA-
CALLEJERO 
et al., 2013 

Maraviroc 

Number microscopic tumors 
NT: 4.62 ± 1.00 
T: 0.70 ± 0.33* 

Number apoptosis  
(per 10 fields - 40x) 

NT: 7.26 ± 0.80 
T: 3.54 ± 0.86* 

Proliferation index %  
(40x) 

NT: 44.90 ± 3.39 
T: 25.66 ± 4.15* 

Fibrotic area % (liver) 
NT: 7.26 ± 0.21 
T: 4.89 ± 0.21* 

HALVORSEN 
et al., 2016 

Maraviroc 
Tumor cells in the lungs (No) x107 

NT: 8.00 ± 0.46 x107 
T: 5.89 ± 0.51 x107* 

From: Author 
(NT) Not treated; (T) Treated 
(BM) Bone marrow 
Statistical difference: *P≤0.05 

 

 

 

 

 



58 
 

Table 6. Biochemical and immunological outcomes of the studies included in this 

systematic review 

Author CCR5-inhibitor Biochemical and immunological findings 

TAN et al., 2009 TAK779 
Leucocytes distribution: 
CD4+Foxp3+ Treg cells 

NT: 74 ± 0,5%  T: 49 ± 0,02%* 

OCHOA-
CALLEJERO et 

al., 2013 
Maraviroc 

Liver damage (After 16 weeks treatment) 
Transaminases ALT (IU/L): 

NT: 878.61 ± 68.36   T: 508.67 ± 46.24* 
AP (IU/L): 

NT: 976.74 ± 122.09   T: 488.37 ± 78.48* 
Bilirubin (mg/dl): 

NT: 1.63 ± 0.34    T: 0.54 ± 0.21* 
 

Chemokines: 
CCL2 (pg/ml) 

NT:205.29 ± 26.49    T: 94.37 ± 16.55* 
CCL3 (pg/ml) 

NT: 4.03 ± 0.22    T: 4.18 ± 0.64 
CCL4 (pg/ml) 

NT: 26.07 ± 3.03    T: 16.96 ± 3.29 
CCL5 (pg/ml) 

NT: 19.02 ± 0.78    T: 15.09 ± 1.25 
CCL11 (pg/ml) 

NT: 14.87 ± 3.16    T: 7.75 ± 0.63* 
CCXCL10 (pg/ml) 

NT: 42.91 ± 5.56    T: 31.78 ± 5.16 

HALVORSEN et 
al., 2016 

Maraviroc 

Treg cells as a % of CD4+ cells in the lungs 
Leucocytes distribution: 

(CD4+ CD25+ Foxp3+) 
NT: 11.69 ± 1.01    T: 8.65 ± 0.55* 

(CCR5+ CD4+ CD25+ Foxp3+) 
NT: 6.07 ± 0.36      T: 4.23 ± 0.27* 

TANABE et al., 
2016 

Maraviroc 

Relative Expression of target 
(treatment 15 days) 

Protein: 
bFGF 

NT: 1.01 ± 0.17      T: 0.76 ± 0.15* 
CTGF 

NT: 1.04 ± 0.32   T: 0.89 ± 0.27 
EGF 

NT: 1.01 ± 0.13    T: 0.54 ± 0.22* 
EGFR 

NT: 1.06 ± 0.38    T: 0.47 ± 0.09* 
EREG 

NT: 1.04 ± 0.36    T: 1.68 ± 0.37* 
HB-EGF 

NT: 1.01 ± 0.18    T: 1.33 ± 0.21 
HGF 

NT: 1.03 ± 0.31    T: 1.65 ± 0.37 
PDGF 

NT: 1.00 ± 0.09    T: 0.88 ± 0.20 

(Continued) 
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Table 6. (Continued) 
Author CCR5-inhibitor Biochemical and immunological findings 

TANABE et al., 
2016 

Maraviroc 

Relative Expression of target 
(treatment 15 days) 

Protein: 
VEGF 

NT: 1.01 ± 0.18    T: 1.24 ± 0.15 
(treatment 15 days) 

Protein: 
Ly6G (counts/field) 

NT: 365.21 ± 125.21    T: 349.56 ± 182.60 
F4/80 (%area/field) 

NT: 10.10 ± 2.55   T: 8.52 ± 2.92 
CD31 (%area/field) 

NT: 8.24 ± 1.35    T: 7.51 ± 1.56 
αSMA (%area/field) 

NT: 6.05 ± 2.19     T: 0.87 ± 0.17* 
Type I collagen (%area/field) 

NT: 8.34 ± 1.77     T: 3.23 ± 0.62* 
CD11b+Gr-1+cells (%) 
NT: 21.09    T: 26.56 

CD25+ Foxp3+ cells (%) 
NT: 1.22    T: 1.15 
mRNA expression 

(Treatment 28 days) 
Protein: 

EGF 
NT: 1.00 ± 0.26    T: 0.25 ± 0.04* 

(Treatment 28 days) 
Protein: 

Type I collagen (%area/field) 
NT: 14.24 ± 2.34    T: 10.33 ± 1.25* 

αSMA (%area/field) 
NT: 27.82 ± 10.08    T: 13.91 ± 2.08* 

CD31 (%area/field) 
NT: 1.88 ± 0.30    T: 1.94 ± 0.97 

CASAGRANDE 
et al., 2019 

Maraviroc 

Protein: 
CD68+  (AU) 
(L-540 cells) 

NT: 99.62 ± 8.30    T: 7.54 ± 0.00* 
(L-428 cells) 

NT: 99.62 ± 8.30    T: 24.90 ± 0.75* 

ZHOU et al., 
2020 

Anti-CCR5 
antibody 

Orthotopic injection - Cell number (per 105 cells) 
Leucocytes distribution: 

(Treg) 
NT:  1204.91 ±  409.83    T:  663.93 ±  245.90 

(Treg CCR5+) 
NT:  786.88 ±  303.27    T:  139.34 ±  73.77 

(Treg CCR5-) 
NT:  295.08 ±  196.72    T:  475.40 ±  221.31 

(Continued) 
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Table 6. (Continued) 

Author CCR5-inhibitor Biochemical and immunological findings 

ZHOU et al., 
2020 

Anti-CCR5 
antibody 

Cell number (per 105 cells) 
Leucocytes distribution: 

(CD8+ T) 
NT:  2687.50 ±  500.00    T:  3718.75 ±  593.75 

(CCR5+ CD8+ T) 
NT:  812.50 ±  156.25    T:  718.75 ±  156.25 

(CCR5- CD8+ T) 
NT:  1906.25 ±  375.00    T:  2781.25 ±  687.50 

Leucocytes distribution: 
(Macrophage) 

NT: 5437.50 ±  531.25    T:  4937.50 ±  906.25 
(CCR5+ M) 

NT: 1843.75 ±  687.50    T:  1312.50 ±  437.50 
(CCR5- M) 

NT: 3656.25 ± 500.00    T:  3718.75 ±  718.75 
(CD4+ T) 

NT:  4218.75 ±  1125.00    T:  4000.00 ±  1125.00 
(CCR5+ CD4+ T) 

NT:  1468.75 ±   593.75    T:  1156.25 ±  218.75 
Leucocytes distribution: 

(Macrophage) 
NT: 5437.50 ±  531.25    T:  4937.50 ±  906.25 

(CCR5+ M) 
NT: 1843.75 ±  687.50    T:  1312.50 ±  437.50 

(CCR5- M) 
NT: 3656.25 ± 500.00    T:  3718.75 ±  718.75 

(CD4+ T) 
NT:  4218.75 ±  1125.00    T:  4000.00 ±  1125.00 

(CCR5+ CD4+ T) 
NT:  1468.75 ±   593.75    T:  1156.25 ±  218.75 

(CCR5- CD4+ T) 
NT: 2625.00 ±  593.75    T:  2781.25 ±  906.25 

Cell number (per 105 cells) 
Leucocytes distribution: 

(CD4+T) 
NT: 5230.76 ± 1923.07    T: 3769.23 ± 1307.69 

(CD8+T) 
NT: 2461.53 ± 384.61     T: 3615.38 ± 692.30* 

(DC) 
NT: 1076.92 ± 461.53       T: 3076.92 ± 1076.92* 

Cytokine: 
(IFNγ+) 

NT: 3000.00 ± 1000.00      T: 5307.69 ± 1461.53* 
Protein: 
(GZMB+) 

NT: 846.15 ± 307.69     T:  1769.23 ±  461.53* 
(PRF1+) 

NT: 230.76 ± 0.00       T:  846.15 ±  384.61* 
(MHCII+) 

NT: 3615.38 ±  615.3      T:  4846.15 ±  1769.23 

(Continued) 
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Table 6. (Continued) 

Author CCR5-inhibitor Biochemical and immunological findings 

ZHOU et al., 
2020 

Anti-CCR5 
antibody 

Protein: 
(CD80+) 

NT: 1076.92 ±  615.38    T: 3384.61 ±  769.23* 
Protein: 
(CD86+) 

NT: 153.84 ± 0.00    T: 1076.92 ±  461.53* 
(PDL1+) 

NT:  18307.69 ±  4076.92    T: 6000.00 ±  2461.53* 
(PD1+) 

NT:  4384.61 ± 2000.00    T:  3076.92 ± 1000 
(CTLA4+) 

NT:  923.07 ±  307.69    T:  153.84 ±  76.92* 
Cell number (per 105 cells) 
Leucocytes distribution: 

(CD4+T cell) 
NT: 5529.95 ± 2488.47    T: 4147.46 ± 1244.24 

(CD8+T) 
NT: 3870.96 ± 1658.98    T: 2764.97 ± 414.74 

(DC) 
NT: 3456.22 ± 967.74     T: 3870.96 ± 829.49 

Cytokine: 
(IFNγ+) 

NT: 4009.21 ± 1658.98    T: 6774.19 ± 2211.98 
Protein: 
(GZMB+) 

NT: 967.74 ± 276.49     T:  2073.73 ±  414.74* 
(PRF1+) 

NT: 829.49 ± 138.24     T:  1244.24 ±  414.74 
(MHCII+) 

NT: 4976.95 ±  1244.24    T:  5806.45 ±  1658.98 
(CD80+) 

NT: 2626.72 ±  552.99     T: 3179.72 ±  1105.99 
(CD86+) 

NT: 1244.24 ± 414.74     T: 1244.24 ±  414.74 
(PDL1+) 

NT: 19907.83 ±  4423.96    T: 22949.31 ±  3870.96 
(PD1+) 

NT:  5253.45 ± 1105.99    T:  5115.20 ± 1520.73 
(CTLA4+) 

NT:  552.99 ±  276.49    T:  414.74 ±  414.74 

From: Author 
(AU) Arbitrary units. 
(Treg) Regulatory T cells. (ALT) Alanine aminotransferase. (AP) Alkaline phosphatase. 
(CCL2) CC motif chemokine ligand 2. (CCL3) CC motif chemokine ligand 3. (CCL4) CC motif 
chemokine ligand 4. (CCL5) CC motif chemokine ligand 5. (CCL11) CC motif chemokine 
ligand 11. (CXCL10) CXC motif chemokine ligand 10. (CCR5) CC chemokine receptor type 
5. (bFGF) Basic fibroblast growth factor. (CTGF) Connective tissue growth factor. (EGF) 
Epidermal growth factor. (EGFR) Epidermal growth factor receptor. (EREG) Epiregulin. (HB-
EGF) Heparin binding epidermal growth factor-like growth factor. (HGF) Hepatocyte growth 
factor. (PDGF) Platelet derived growth factor. (VEGF) Vascular endothelial growth factor. 
(Ly6G) Lymphocyte antigen 6 complex locus G. (αSMA) Alpha smooth muscle actin. (M) 
Macrophage. (DC) Dendritic cells. (IFNγ) Interferon gamma. (GZMB) Granzyme B. (PRF1) 
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Perforin 1. (MHC II) Major histocompatibility complex class II. (PDL1) Programmed cell death 
ligand 1. (PD1) Programmed cell death. (CTLA4) Cytotoxic T-lymphocyte associated protein 
4 
Statistical difference : *P≤0.05 
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Table 7. Risk of bias in all original preclinical studies according to the Syrcle’s quality index1 
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2012 
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Table 7. (Continued) 
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Table 7. (Continued) 
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ZHOU et al., 2020 ? No ? ? ? ? ? No No No No Yes No 7.69 
PERVAIZ et al., 
2021 

Yes No ? ? ? ? ? Yes Yes Yes Yes Yes Yes 53.84 

JIAO et al., 2021 Yes Yes ? ? ? ? ? Yes Yes Yes Yes Yes No 53.84 

Total score / Yes 
(n) 

7 6 2 1 0 0 0 16 15 19 20 20 15  

Total score (%) 33.33 28.57 9.52 4.76 0 0 0 76.19 71.42 90.47 95.23 95.23 71.42  

From: HOOIJMANS, Carlijn R. et al. SYRCLE’s risk of bias tool for animal studies. BMC Medical Research Methodology, [s. l.], v. 14, n. 1, p. 

43, 2014. Disponível em: BMC Medical Research Methodology. 

(Yes) indicates low risk of bias; (No) indicates high risk of bias; and (?) indicates an unclear risk of bias. 
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Figure 2. Analysis of the risk of bias in each study included in the systematic review 
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ARTIGO 2 – Treatment with the CCR5-inhibitor maraviroc suppresses 

proliferation and migration of oral squamous cell carcinoma 
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ABSTRACT 

 

Oral squamous cell carcinoma (OSCC) represents more than 90% of malignant 

neoplasms of the oral cavity. Its late diagnosis associated with limited and low 

effective treatment options are responsible for significant morbidity and mortality 

rates. Thus, it becomes extremely necessary to identify new therapeutic options. In 

view of the role of the chemokine receptor CCR5 in the development and progression 

of cancer, its inhibition has been speculated as a new therapeutic target. Promising 

results have been reported with the use of Maraviroc (MVC) in several types of 

cancer, however, its effects on OSCC are still unclear. Thus, we evaluated the CCR5 

expression in OSCC cell lines with different malignant potentials. We also 

investigated the in vitro effects of MVC on the proliferation and migration of cell lines 

with highest CCR5 expression levels. Cell proliferation and migration were analyzed 

by BrdU incorporation and Scratch assay, respectively. The highest expression of 

CCR5 was detected in SCC15 and SCC25 cell lines which, therefore, were selected 

for functional assays. It was observed that CCR5 inhibition with MVC treatment 

successfully impaired the proliferation and migration in a time and dose-dependent 

manner. Although significant results were observed at 24 and 48 hours of treatment, 

the most significant effects in reducing the proliferation and migration of SCC15 and 

SCC15 occurred at concentrations of 288uM and 465uM after 48 h. Altogether, these 

results suggest that CCR5 plays an important role in the OSCC development and its 

inhibition with MVC may represent a new treatment option for oral cancer. 

 

Keywords: Oral squamous cell carcinoma; CCR5; Maraviroc; Treatment 
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1 INTRODUCTION 

 

Oral squamous cell carcinoma (OSCC) accounts for more than 90% of 

malignant neoplasms of the oral cavity (IRIMIE et al., 2018), with more than 370,000 

new cases diagnosed each year worldwide and an estimate of approximately 

178,000 deaths (GLOBOCAN, 2020). It represents one of the most frequent disease 

in men after the fifth decade of life, and it is highly associated with tobacco and 

alcohol consumption (ALI et al., 2017; MARICHALAR-MENDIA et al., 2010; SARODE 

et al., 2020; WARNAKULASURIYA, 2010). However, epidemiological studies have 

shown an increasing incidence in young adults, aged less than 40 years (LYDIATT et 

al., 2017; YOU; HENRY; ZEITOUNI, 2019).  

 Despite advances in scientific investigations, the overall survival rate of 

patients with OSCC is less than 60% at 5 years (LIU, L. et al., 2019). The low survival 

rate is mainly associated with late diagnosis, facilitating disease recurrence and the 

development of metastases, when therapeutic options are limited and less effective 

(FURY; PFISTER, 2011). Furthermore, the absence of prognostic markers makes 

difficult to establish a treatment protocol appropriated and individualized, contributing 

to significant morbidity and mortality rates (ALMANGUSH et al., 2017; CERVINO et 

al., 2019). Therefore, it becomes extremely necessary not only to search for new 

prognostic markers, but also to identify new therapeutic options. 

 Thus, several studies report the role of the chemokine receptor CCR5 in the 

development and progression of different types of cancers (DE OLIVEIRA et al., 

2017; HUANG et al., 2020; JIAO et al., 2018; NIE et al., 2019; TANABE et al., 2016). 

It has been demonstrated that CCR5 may have an indirect role by promoting the 

migration of different cell types to the tumor microenvironment, or direct effects when 

it is expressed by the cancer cells themselves (CASAGRANDE et al., 2019; 

NISHIKAWA et al., 2019; PERVAIZ et al., 2021; ZHOU et al., 2020). In addition, the 

high expression of this receptor was related to poor prognosis in several types of 

cancer (JIAO et al., 2018; MENCARELLI et al., 2013; SINGH et al., 2018; ZHOU et 

al., 2020), suggesting that CCR5 inhibition may represent an new target to cancer 

treatment. 

In this context, maraviroc (MVC) is a specific CCR5 inhibitor that is already 

approved by the Food and Drug Administration (FDA) for the treatment of patients 

infected with the human immunodeficiency virus (HIV) (GAGLIARDINI et al., 2014; 
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WOOLLARD; KANMOGNE, 2015). The MVC ability to selectively inhibit on CCR5, 

associated with its excellent safety and efficacy profile, has attracted the interest of 

researchers about its antineoplastic effects (HUANG et al., 2020; JIAO et al., 2018; 

TANABE et al., 2016; VELASCO-VELÁZQUEZ et al., 2012). In colorectal and 

pancreatic cancer studies, MVC was responsible for promoting cell cycle arrest and 

inducing apoptosis of cancer cells (HUANG et al., 2020; PERVAIZ et al., 2015). The 

reduction of different tumor lesions such as breast, stomach, Hodgkin's lymphoma 

was also associated with MVC treatment (CASAGRANDE et al., 2019; MENCARELLI 

et al., 2013; VELASCO-VELÁZQUEZ et al., 2012; WANG et al., 2017). MVC 

antineoplastic effects were also assigned to angiogenesis blockade (SAX et al., 

2016), inhibition of resistance to antineoplastic treatment (JIAO et al., 2018), 

inhibition of fibroblast recruitment into the tumor microenvironment (TANABE et al., 

2016) and metastasis remission (PERVAIZ et al., 2021; SICOLI et al., 2014). 

Although promising results have been reported with the use of MVC in 

different types of cancers, there are no studies about MVC effects in OSCC 

development. Thus, we evaluated the expression of CCR5 in different OSCC cell 

lines with different malignant potential and effects of its inhibition by treatment with 

MVC.  

 

2 MATERIALS AND METHODS 

 

2.1 CELL CULTURE  

 

Human oral cancer cell lines CAL27, SCC4, SCC9, SCC15 and SCC25, 

originally isolated from squamous cell carcinoma of the human tongue, were 

obtained from American Type Culture Collection (ATCC). These cells were grown in 

DMEM plus Ham's F12 medium (DMEM/ F-12), supplemented with 10% fetal bovine 

serum (FBS, Life Technologies, Inc.), penicillin (100 U/ml), streptomycin (100 μg/ml) 

and 0.4 µg/ml hydrocortisone. HSC-3, a human squamous cell carcinoma cell line of 

the tongue (JCRB 0623; Osaka National Institute of Health Sciences, Japan), was 

cultured in DMEM/F-12 medium (Invitrogen, USA) supplemented with 10% FBS, 50 

μg/ml ascorbic acid (Sigma-Aldrich, USA), 400 ng/ml hydrocortisone (Sigma-Aldrich, 

USA), penicillin (100 U/ml) and streptomycin (100 μg/ml). HaCat, an immortalized but 

not transformed epithelial cell line, was maintained in DMEM containing 10% FBS, 
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penicillin (100 U/ml) and streptomycin (100 μg/ml). Cells were maintained at 37°C in 

a humidified atmosphere of 5% CO2. 

 

2.2 REAL-TIME QUANTITATIVE PCR (QRT-PCR) 

 

Total RNA from cell lines was isolated with TRIzol Reagent method according 

to the manufacture's protocol (Invitrogen, USA). Following DNase I treatment in order 

to eliminate genomic DNA contamination, 1 μg of total RNA per sample was used to 

generate cDNA using Oligo-dT (Invitrogen, USA) and reverse transcriptase 

(Superscript II RT enzyme, Invitrogen, USA). The resulting cDNAs were subjected to 

qPCR using the primers and SYBR Green PCR master mix (Applied Biosystems, 

USA) in the StepOnePlus Real Time PCR (Applied Biosystems, USA). Gene 

expression was determined using the delta-delta CT method (LIVAK; SCHMITTGEN, 

2001) and the housekeeping gene PPIA (cyclophilin A) was used as reference gene 

for data normalization. The sequences of primers for RT-PCR were: forward CCR5, 

5′-GGCAGTTCTCCAGGCTATTTGT-3′; and reverse CCR5, 5′-

GGAGGCCAAAGACACAGATCA-3′, forward PPIA, 5′-GCTTTGGGTCCAGGAATGG-

3′; and reverse PPIA, 5′-GTTGTCCACAGTCAGCAATGGT-3′. All reactions were 

performed in triplicate.  

 

2.3 CITOTOXICITY TEST 

 

Cell viability was evaluated using MTT (tetrazolium bluethiazol-3-[4,5-dimethyl-

thiazol-2-yl]-2,5-diphenyl-tetrazolium) assay. Briefly, cells were plated in 96-well 

plates at a density of 5 × 104 per well in 100 μl of media containing 10% FBS, cell 

cycling-synchronized by the absence of FBS for 24 h, and then treated or not treated 

with MVC for 24 and 48 h. One hundred (100) μl of a solution containing 90% 

medium and 10% 5 mg MTT/mLdiluted in PBS was added and incubated for 4 h at 

37°C. Next, 100 μl of SDS 10% solution was added to each well with the MTT 

solution and incubated in the dark in a plate shaker for 20 min. After 16 h, the 

absorbance was measured at 550 nm using a spectrofluorometer and plate 

luminometer (VarioScan Lux,Thermo Fisher). 
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2.4 CELL PROLIFERATION ASSAY 

 

Cells were plated in 96-well plates at a density of 2×104 cells per well in 100 μl 

of media containing 10% FBS. After 24 h, the cells were washed with PBS and 

cultured in serum-free media for an additional 24 h. Following serum starvation, the 

media were replaced by media with and without MVC containing 10% FBS. 

Proliferation rates were determined 24 h and 48 h after incubation by measuring 

BrdU incorporation into DNA using the cell proliferation ELISA BrdU (colorimetric) kit 

(Abcam, UK). The experiment was performed three independent times in tripiclates. 

The absorbance was measured at 450 nm using a spectrofluorometer and plate 

luminometer (VarioScan Lux,Thermo Fisher) 

 

2.5 MIGRATION ASSAY 

 

To analyze the movement of the cell towards the artificial space, a scratch was 

created in a monolayer of confluent cells plated at 5x104 in 12-well plates. When the 

cell monolayer reached confluence, a scratch was made with a tip of (time 0). 

Following 24 and 48 h the images were recorded by the camera coupled to the 

inverted microscope (Nikon, Eclipse TS100) using the Motic Image Plus 2.0 software.  

 

2.6 STATISTICAL ANALYSIS 

 

All in vitro assays were performed at least three times in triplicates or 

quadruplicates. The data were analysed using Mann-Whitney U test or one-way 

analysis of variance (ANOVA) with post-hoc comparisons based on the Tukey's 

multiple comparisons test were applied.  These analyses were performed using 

GraphPad Prism Software version 5.0 and the level of significance considered was 

5% (p≤0.05). 

 

3 RESULTS 

 

CCR5 IS OVEREXPRESSED IN THE OSCC CELL LINES 

The expression of CCR5 in the OSCC cell lines was analyzed by qPCR. 

CCR5 mRNA levels were significantly higher in the SCC15 (p<0.05) and SCC25 
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(p<0.05) cell lines compared to HaCat, an immortalized but non-transformed 

epithelial cell line (Figure 1). Thus, SCC15 and SCC25 cell lines were selected to 

perform in vitro functional assays to investigate the role of MVC in oral cancer 

development. 

 

3.2 CCR5 BLOCKADE TREATMENT LED TO A DECREASE IN VIABILITY AND 

PROLIFERATION OF OSCC CELLS 

 

We determined the sublethal inhibitory concentration in 25% (IC25) of dead 

cells, which included MVC doses of 215 μM for SCC15 and 450 μM for SCC25. The 

IC50 values for MVC in SCC15 cells was 288 µM and for SCC25 cells 465 µM. 

Exposure to different concentrations of MVC inhibited the proliferation of SCC15 and 

SCC25 cells in a concentration and time-dependent manner. After 24 hours, there 

was a significant decrease in the proliferation of SCC15 and SCC25 with MVC 

treatment at IC of 288 μM and 465 μM, respectively (Figure 2). Furthermore, the 

proliferation of SCC25 cells was also affected at dose 450 μM after 24 h of incubation 

(Figure 2). In contrast, although significant results were observed in IC25 and IC50 

concentrations after 48 h, IC50 (288 µM and 465 µM) had most significant effects in 

decreasing proliferation of both OSCC cells. Thus, it is suggested that IC50 needs a 

longer time to have its effect in SCC25 cells (Figure 2). 

 

3.3 CCR5 BLOCKADE TREATMENT INHIBITS THE MIGRATION OF OSCC CELLS 

 

The Scratch wound assay showed significantly migration decrease of SCC15 

and SCC25 cells within 24 h of MVC treatment at dose 215 μM and 450 μM, 

respectively (Figure 3). After 48 h of treatment, the most significant reduction in the 

migration rate of SCC15 and SCC25 cells was observed at the MVC concentrations 

of 288 μM and 465 μM compared with respective untreated controls (Figure 3). 

 

4 DISCUSSION 

 

The late diagnosis, limited and low effective treatment options are responsible 

for significant OSCC morbidity and mortality rates (FURY; PFISTER, 2011). Thus, 

considering the promising results obtained by treating different types of cancer with 
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MVC and, above all, the advantages of repositioning drugs already approved for 

clinical practice, we decided to evaluate its effects on oral carcinogenesis 

(CASAGRANDE et al., 2019; HUANG et al., 2020; JIAO et al., 2018; TANABE et al., 

2016; WANG et al., 2017).  

Our results demonstrated that OSCC cell lines SCC15 and SCC25 showed 

highest CCR5 expression. Corroborating these findings, high expression of CCR5 

was detected not only in cell lines but also in human tumor samples including 

squamous cell carcinoma of the esophagus, oral cavity, oropharynx and larynx, in 

melanoma, breast and colorectal cancer (DA SILVA et al., 2017; DOMINGUETI et al., 

2019; GONZÁLEZ-ARRIAGADA et al., 2018; KODAMA et al., 2020; LIU, J. et al., 

2019; VELASCO-VELÁZQUEZ et al., 2012).  

Cell proliferation is an essential feature for tumor development and 

progression (HANAHAN; WEINBERG, 2011). In our experiments, we observed that 

MVC treatment impaired the proliferation of SCC15 and SCC25 cell lines. Similar 

effects have been seen in inhibition of the proliferation of gastric, colorectal, 

pancreatic and lymphoblastic leukemia cancer cells (HUANG et al., 2020; 

MENCARELLI et al., 2013; PERVAIZ et al., 2015; ZI et al., 2017). Specifically, in 

colorectal and pancreatic cancer cells this effect was attributed to the arrest in G1 

phase due down-regulation of cell cycle related genes including cyclin and cyclin-

dependent kinases (CDKs) (HUANG et al., 2020; PERVAIZ et al., 2015). On the 

other hand, in lymphoblastic leukemia cells, the antiproliferative mechanism was 

related to blocking JAK phosphorylation in a concentration range similar to that 

required to inhibit STAT3 activity (ZI et al., 2017). However, MCV was not effective in 

inhibiting the proliferation of breast cancer cells (ZAZO et al., 2020). 

Because preventing the migration of cancer cells to metastatic sites is a 

desirable characteristic in an anticancer agent (WU et al., 2021), we have further 

investigated whether treatment with MVC prevented it on OSCC cells. Again, results 

from these experiments demonstrate that CCR5 blockage for 24 or 48 hours 

effectively reduced the cellular migration. Although, the effects of MVC have been 

ignored in most in vitro assays, CCR5 high expression has been associated with 

increased migration of breast and pancreas cancer cells (SINGH et al., 2018; 

VELASCO-VELÁZQUEZ et al., 2012). 

 

 



76 
 

5 CONCLUSION 

 

In summary, we have shown that CCR5 is expressed in SCC15 and SCC25 

cell lines and that its antagonism by maraviroc inhibits cell proliferation and migration 

in vitro. These results suggest that MVC treatment plays an important role in the 

tumor biology of OSCCs and may be a potential target for individualized treatment of 

patients with oral cancer with high CCR5 expression. Since these results support a 

path toward the clinical use of CCR5 antagonists as novel treatments for OSCC, 

properly designed preclinical studies are required to evaluate whether the present 

observations extend to clinical settings. 
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Figure 1. CCR5 expression in OSCC cell lines 

 

From: Author 

The levels of CCR5 mRNA in OSCC cell lines were assessed by real-time PCR. Expression 

was normalized to the average value of the immortalized but not transformed epithelial 

HaCat cell line. Data showed a clear CCR5 overexpression in SCC15 and SCC25 cell lines 

(*p<0.05) 
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Figure 2. MVC impaired cell proliferation of OSCC cells 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
From: Author 

Treatment with MVC inhibited the proliferation of SCC15 and SCC25 cells compared with 

non-treated (NT) controls, as revealed by bromodeoxyuridine (BrdU) incorporation index 

after (A) 24 and (B) 48 hours. The graphs represent a experimental triplicate analysis and 

were statistically imposed using ANOVA followed by Tukey’s test, where *p < 0.05. 
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Figure 3. MVC impaired cell migration of OSCC cells 

 
From: Author 

Photomicrographs of cell lines were taken at 0, 24, and 48 h after wounding (40X) and the average width of the lacunae was measured (A). Migration 

of SCC15 and SCC25 cells treated with MVC was significantly decreased, in comparison with non-treated cells (control) for both 24 and 48 h of 

treatment (B). The graphs compile experimental analyzes of quantification in triplicate of the remaining area, and the results were obtained by One-

way ANOVA followed by the Tukey test, where *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0,0001. 
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