
Polym. Korea, Vol. 47, No. 3, pp. 379-386 (2023)

https://doi.org/10.7317/pk.2023.47.3.379

ISSN 0379-153X(Print)

ISSN 2234-8077(Online)
강한 음이온성 폴리(크레졸술폰산)과 양이온성 피르비늄 복합체에 

의한 교모세포종 세포 특성 변화

이상묵 ·  임진익†

단국대학교 화학공학과

(2023년 2월 8일 접수, 2023년 3월 12일 수정, 2023년 3월 13일 채택)

Changes in Glioblastoma Cell Characteristics by a Strong Anionic 

Poly(Cresolsulfonic Acid) and a Cationic Pyrvinium Complex

Sangmook Lee and Jin Ik Lim†

Department of Chemical Engineering, College of Engineering, Dankook University, Jukjeon-dong, 

Yongin-si, Gyeonggi-do 16890, Korea

(Received February 8, 2023; Revised March 12, 2023; Accepted March 13, 2023)

초록: 가장 악성 뇌종양인 교모세포종 치료제를 개발하기 위해 강력한 음이온성 고분자인 폴리(크레졸술폰산)와 양            

이온성 피르비늄에 대한 기초 세포 연구가 진행됐다. 이러한 혼합 약물의 최적 농도를 결정하기 위해 세포 형태 변                

화와 생존율에 대한 실험을 수행하고, 약물의 재투여를 통해 세포 저항성을 실험하였다. 면역화학적 검사를 통해 세              

포 형태학적 변화와 증식 억제 메커니즘을 유추할 수 있었으며, 테모졸로마이드와 병용할 경우 혼합물이 더 큰 세               

포독성 효과를 보였다. 치료약으로 개발할 수 있는 가능성과 함께 메커니즘, 세포 반응 및 동물 실험에 대한 추가                

연구가 필요하다.

Abstract: Basic cell studies on a strong anionic poly(cresolsulfonic acid) and a cationic pyrvinium have been conducted 

to develop therapeutic drugs for glioblastoma, the most malignant brain tumor. To determine the optimal concentration 

of these mixed drugs, experiments on the cell shape change and survival rate were conducted, and cell resistance was 

tested through the re-administration of drugs. Through immunochemical testing, the mechanism for cell morphological 

changes and inhibition of proliferation could be inferred, and when used in combination with temozolomide, the mixture 

showed a greater cytotoxic effect. Further research is needed on the mechanisms, cell reactions, and animal testing, with 

a possibility to develop it as a therapeutic drug.

Keywords: glioblastoma, pyrvinium, poly(cresolsulfonic acid), temozolomide, brain tumor.

Introduction

Glioblastoma (GBM) is the most common malignant brain 

tumor, comprising of 15% of the total malignant brain tumors. 

The World Health Organization (WHO) has classified astro-

cytomas into four grades (I, II, III, and IV), among which inva-

sive tumors, especially high-grade (grade IV) glioma, has a 

poor prognosis, with a median overall survival of only 11 

months in the general GBM population and a five-year mor-

tality rate of more than 90%.1,2 Although such tumors rarely 

metastasize to distant tissues, they grow characteristically by 

infiltrating the surrounding brain tissues.3 The standard care 

therapy for GBM includes safe maximal surgical resection of 

the accessible tumor, followed by radiotherapy (RT) and che-

motherapy with temozolomide (TMZ).4 However, despite 

these approaches, GBM remains incurable, and more than two-

thirds of GBM patients die within two years of diagnosis.5

TMZ is the only chemotherapeutic drug licensed and used for 

GBM; however, the fact that GBM cells easily and quickly 

show resistance to TMZ limits its use. In addition, the clinical 

effect of TMZ provides only a modest two month increase in 

the median survival compared with the effects with no med-

ication.6 Therefore, a new strategy is needed to improve the 

prognosis of patients with GBM. Molecular targeted therapies, 

such as bevacizumab, cetuximab, or nimotuzumab are the 
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emerging treatments for GBM.7 Moreover, immunotherapies, 

such as dendritic cells, natural killer cells, and suicide gene 

therapy, have become the focus of current research.8-10 How-

ever, these drugs and therapies do not efficiently improve the 

survival rates and have the disadvantages of severe individual 

differences. According to recent studies, growing spheroids in 

an incubated cancer cell matrix can result in the enrichment of 

cancer stem cells (CSCs), which are believed to be major con-

tributors to drug resistance and tumor recurrence.11-14 CD133 is 

a membrane-bound pentaspan glycoprotein first identified in 

neuroepithelial stem cells, and has been identified in various 

carcinomas, including CSCs.15,16 CD133 appears to be asso-

ciated with the Wnt signaling pathway for cell proliferation17,18

and has been known to profoundly affect the survival of 

patients with cancer.19,20

As a cathodic materials, pyrvinium, an food and drug admin-

istration (FDA)-approved effective anthelmintic drug, inhibits 

the oxidative metabolism and glucose uptake in pinworms and 

possibly demonstrates anticancer activity by the inhibiting 

CD133 positive cancer stem cells through the suppression of 

Wnt/β-catenin signaling. Therefore, several studies for cancer 

cells that express CD133, such as ovarian cancer cells and 

GBM, are underway as a research target for pyrvinium.21-23

GBM is also called “octopus tumor” because it can extend 

its tendrils to normal neighboring parenchymal cells.24,25 In 

addition, unlike normal cells, cancer tissues grow and metas-

tasize at a high speed by invading the surrounding normal tis-

sues in a vine-like twisted form.

Cadherins are essential components of adherens junction 

complexes that mediate cell-cell adhesion and regulate cell 

motility. Epithelial-mesenchymal transition (EMT), principally 

involving an E-cadherin to N-cadherin shift, is linked to tumor 

invasion or metastasis and therapeutic resistance in various 

cancers.26 A growing body of evidence supports the hypothesis 

that EMT plays a crucial role in the invasive phenotype of gli-

omas. According to a recent study, E-cadherin is the pre-

dominant cadherin expressed in epithelial tissues; however, its 

expression is very limited in the normal brain. In contrast, E-

cadherin expression has been confirmed to have a significant 

influence on the in vitro growth and invasion in glioma cell 

models.27,28 

As an anionic polymer, poly(cresolsulfonic acid) is the poly-

condensation product of cresol sulfonic acid and phenol and 

belongs to the water-soluble polymer. It is sold under the name 

policyresulen on the market. Poly(cresolsulfonic acid), which 

has the same structure as in Figure 1, is a strong acidic poly-

mer that mainly reacts to blood and exhibits hemostasis and 

wound healing effects.

It is usually used as a topical hemostatic and antiseptic agent 

for infectious and other lesions of the mucous membrane, such 

as gynecological infections, anal hemorrhoids, and oral 

ulcers.29 According to previously reported research results, the 

application of poly(cresolsulfonic acid) reported a significant 

reduction in the expression of E-cadherin in animals, which 

indicated decreased cellular attachments with a reduction in the 

E-cadherin expression level.30,31

Therefore, as a basic cell study for drug search, the objec-

tives of this study were as follows: (a) to determine the ideal 

combination of cathodic pyrvinium and as an anionic polymer, 

poly(cresolsulfonic acid) for anticancer activity, (b) to observe 

the change in the spherical proliferation of incubated cells, and 

(c) to measure the cell morphological changes caused by the 

mixture.

Experimental

Materials. In this study, poly(cresolsulfonic acid) (Policre-     

sulen, Takeda Pharmaceutical Company, Albothyl, TK. JP) at 

a concentration of 50 wt% was used to inhibit aggressive cell 

infiltration. Pyrvinium pamoate salt hydrate was used as an 

inhibitor of cancer stem cell proliferation, and the WST-8 

assay kit, TMZ, dimethylsulfoxide (DMSO), and cell culture 

reagents were purchased from Sigma-Aldrich (St. Louis, MO, 

USA). All the other chemicals used were of analytical grade. 

Ultrapure water was obtained from a Milli-Q water system and 

used to prepare the aqueous solutions.

Determination of Medium Conditions for Cell Culture.     

Two types of cells were used: human GBM cells as cancer 

cells and fibroblasts as normal cells. To confirm the conditions 

of cell culture by the fetal bovine serum (FBS) contents for 

drug effect, a culture medium [Dulbecco's modified Eagle’s 

medium (DMEM) supplemented with 2 mM L-glutamine] 

containing 0, 1, 5, and 10% FBS was prepared. Each of the 

NIH-3T3 cells (ATCC-L929, Manassas, VA, USA) and U-

Figure 1. Chemical structure of shellac poly(cresolsulfonic acid).
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87MG cells (30014, Seoul, KR) were added (2×104 cells per 

well) to the 6 well plate. After 1 h, only the medium was 

removed, 2 mL of the previously prepared medium containing 

0, 1, 5, and 10% FBS was added, and the proliferation was 

quantified after 4, 24, 48, 72, and 96 h using a WST-8 assay.

Cell Response Test Using Pyrvinium. Based on the pre-        

vious results, a cell culture medium containing 5% FBS was 

prepared and used. The NIH-3T3 and U-87GM cells were 

added directly to each plate in 200 µL of media suspension. 

The cell density was set at 2×104 cells per well. After 1 h, 

1800 µL of medium was added to each well. 

Pyrvinium was dissolved in DMSO in a concentration of 1 

mM and subsequently added to 2 mL of the medium solution 

in which the cells were cultured to attain final concentrations 

of 0, 50, 75, 100, 125, 150, 175, 200, 250, and 300 nM, respec-

tively. The proliferation was quantified after 12, 24, 48, 72, and 

96 h using a WST-8 assay.

Cell Response Test Using Poly(Cresolsulfonic Acid).     

The same procedure was performed for pyrvinium, and the 

final concentrations of poly(cresolsulfonic acid) dissolved in 

PBS were added to the medium to obtain final concentrations 

of 0, 14, 28, 41, 55, 69, 83, 97, 110, and 124 µg/mL. The pro-

liferation was quantified after 12, 24, 48, 72, and 96 h using 

the WST-8 assay. 

Cell Response Test Using Pyrvinium and Poly(Cresol-      

sulfonic Acid) Mixture. This experiment was conducted under       

the same conditions as in the previous cell experiments. After 

preparing a 2 mL medium to obtain final concentrations of 50/

28 µg/mL, 75/41 µg/mL, 100/55 µg/mL, 125/69 µg/mL, 150/

83 µg/mL, 175/97 µg/mL, 200/110 µg/mL, and 250 nM/124 

µg/mL as poly(cresolsulfonic acid)/pyrvinium mixtures, the 

effects on the proliferation of NIH-3T3 and U-87MG cells 

were measured and quantified every 12, 24, 48, 72, and 96 h.

Cell Responses Upon Drug Removal and Re-drugging.      

The drug-mixed medium was completely removed from the U-

87MG cells that were cultured for 72 h in a mixture of 110 µg/

mL poly(cresolsulfonic acid) and 200 nM pyrvinium. After 

washing with PBS three times, 2 mL of fresh medium without 

drugs was added, observed for 72 h, and the survival rate was 

quantified. Subsequently, the medium was completely 

removed and replaced with a medium containing poly(cresol-

sulfonic acid) (110 µg/mL) and pyrvinium (200 nM), and was 

observed and quantified for 72 h.

Immunocytochemistry. The U-87MG cells in chamber     

slides were fixed with 4% formalin and incubated with a 

blocking solution containing 1% bovine serum albumin in 

PBS. The antibodies used in this study were as follows: anti-

rabbit CD133 (Cat # PA5-38014, Thermo Fisher), anti-mouse 

ACTC1(Cat # MAB9308, R&D Systems), Alexa 488 goat-

anti-rabbit secondary antibody (Cat # A-11034, Invitrogen), 

and Alexa 594 goat anti-mouse secondary antibody (Cat # A-

11032, Invitrogen). The U-87MG cells were incubated with 

primary antibody for 2 h and subsequently with secondary 

antibody for 1 h. Further, the cells were stained with 4,6-

diamidino-2-phenylindole (DAPI)-containing agent (Vector, 

Burlingame, Calif., USA), and were examined using a flu-

orescence microscope.

Cell Responses in the Mixing of Temozolomide,     

Pyrvinium, and Poly(Cresolsulfonic Acid). TMZ was dis-     

solved in DMSO to a concentration of 1 mM and subsequently 

added to 2 mL of the medium solution in which the U-87MG 

cells were cultured to make final concentrations of 0, 100, 250, 

500, 750, and 1000 µM, respectively. In addition, after 72 h, 

the cell responses were compared with that of TMZ alone and 

TMZ mixtures [with poly(cresolsulfonic acid) 110 µg/mL and 

pyrvinium 200 nM] using a WST-8. 

Drug Reactions Using Liver and Pancreatic Cancer     

Cells. The process was the same way as reported in Section     

2.5; human HepG2 (hepatoblastoma, 88065, Seoul, KR) and 

human AsPC-1 (adenocarcinoma, 21682, Seoul, KR) cells 

were used. After 72 h, the cell state was observed and quan-

tified.

Results and Discussion

Determination of Cell Medium Composition. Figure 2     

illustrates the results of culturing cells in a medium containing 

0% to 10% FBS. The purpose of this study was to observe the 

effect of drugs on cell proliferation and changes in the shape 

compared to the findings from cell death studies that used anti-

cancer drugs. Therefore, in the case of 0% FBS, no apparent 

proliferation of cells was observed in either cell group during 

starvation. However, when 1% FBS was applied, there was a 

weak cell proliferation effect in U-87MG cells; however, vis-

ible cell growth was weak in NIH-3T3 cells. Therefore, based 

on this experiment, the minimum amount of FBS that allowed 

smooth cell proliferation was set at 5%, and a medium with 

5% FBS was used for subsequent cell culture.

A Study on the Cell Response Using Pyrvinium. The     

results of measuring the survival rate of cells according to the 

culture time at various concentrations of pyrvinium are sum-

marized in Table 1 as the culture results after 96 h for con-
 Polym. Korea, Vol. 47, No. 3, 2023
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venience. The cell culture results according to the concentration 

of pyrvinium showed a similar tendency in both the cell 

groups. At concentrations of up to 250 nM, both cell groups 

demonstrated cytotoxicity at approximately 10% and relatively 

high cytotoxicity at 300 nM. As normal and cancer cells 

showed similar tendencies, the following experiment was con-

ducted in a concentration range below this concentration due to 

a non-specific cytotoxic reaction at 300 nM.

A Study on the Cell Response Using Poly(Cresolsulfonic       

Acid). The results of measuring the survival rate of cells         

according to the culture time at various concentrations of 

poly(cresolsulfonic acid) are summarized in Table 2 as the cul-

ture results after 96 h for convenience. The water-soluble 

poly(cresolsulfonic acid) used in this study was mixed with a 

cell culture medium as an acidic material and the pH change 

was measured. It was confirmed that it did not affect the pH 

change of the existing medium and an experiment was per-

formed. Unlike pyrvinium, poly(cresolsulfonic acid) showed 

relatively low toxicity for both cell groups, and no specific 

response to cancer cells was observed in the single admin-

istration state.

A Study on the Cell Response Using a Pyrvinium/     

Poly(Cresolsulfonic Acid) Mixture. Figure 3 shows the     

results of observing the response of cells while increasing the 

amount of pyrvinium and poly(cresolsulfonic acid). As shown 

in Figure 3(a), the degree of cell proliferation was slightly 

inhibited as the amount of the mixture increased in U-87MG 

cells, whereas no significant cytotoxicity was observed in 

NIH-3T3 cells (Figure 3(b)). Through this experiment, the 

mixture of pyrvinium and poly(cresolsulfonic acid) was 

observed to exert a specific inhibitory effect on U-87MG cells 

via various pathways. In addition, in cases of mixed com-

positions of pyrvinium/poly(cresolsulfonic acid) (200 nM/110 

µg/mL and 250 nM/124 µg/mL) no significant difference in 

the cell viability was observed. The optimal concentration of 

the mixture was thus determined to be pyrvinium 200 nM and 

poly(cresolsulfonic acid) 110 µg/mL. Figure 3(c) shows a U-

Table 1. Comparison of Cells Viability of Cells After 96 hours 

of Incubation Under Varying Concentrations of Pyvrinium

Pyvrinium (nM) U-87MG NIH-3T3

50 89±4 100±2

75 86±3 100±1

100 84±2 100±3

125 84±4 99±2

150 83±2 99±3

175 83±3 97±4

200 82±4 96±3

250 81±3 93±2

300 67±3 86±4

Table 2. Comparison of Cells Viability of Cells After 96 Hours of 

Incubation Under Varying Concentrations of Poly(cresolsulfonic 

Acid)

Poly(cresolsulfonic acid)
 (µg/mL)

U-87MG NIH-3T3

14 97±3 100±1

28 97±4 100±3

41 96±1 100±1

55 96±2 100±4

69 96±4 100±2

83 95±2 99±3

97 94±3 98±2

110 92±4 98±1

124 92±3 97±2

Figure 2. Results of culturing cells in a medium containing 0, 1, 5, and 10% FBS: (a) U-87MG; (b) NIH-3T3.
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87MG cell cultured in a drug-free medium for 72 h; Figure 

3(d) shows a photograph after incubation in a medium mixed 

with pyrvinium 200 nM and poly(cresolsulfonic acid) 110 µg/

mL for 72 h. In the absence of drugs, it was confirmed that the 

bead-type cluster cell structure and the brain tumor cell-spe-

cific structure, which are distinct vine shaped structures, were 

observed. In the case of drugs, most of the bead-type and vine-

shaped structures disappeared. Therefore, it is concluded that 

pyrvinium/poly(cresolsulfonic acid) mixture suppresses the 

function of cancer cells rather than causing cytotoxicity.

A Change in the State of Cells Upon Drug Removal         

and Re-drugging. Figure 4 shows the results of adding a         

mixture of pyrvinium 200 nM and poly(cresolsulfonic acid) 

110 µg/mL, removing the drug from the U-87MG cells that 

were cultured for 3 days, incubating the cells for 3 days, and 

adding the drug again and incubating for 3 days. Figures 4(a) 

and 4(b) illustrate the findings stated in Section 3.4, and in case 

of cells that were cultured for 3 days after the drug was applied 

and the drug removed from the cells cultured for 3 days (Fig-

ure 4(c)), the appearance of bead-type clusters and a vine 

shape structure began to appear again. In that state, the drug 

was applied again and the cells were incubated for 3 days, and 

as a result of WST-8 assay, approximately 80% of the cells 

were killed (Figure 4(d)). The experiment attempted to deter-

mine the response to cells when the drug was removed and 

whether the drug was resistant to reapplication. It was a short 

experiment, but if the drug was removed, the cells tended to 

proliferate again, and if the drug was applied again, the degree 

of cell death increased, so it is highly likely that there was no 

resistance to the drug. Therefore, it will need to be applied to 

animal testing later.

Analysis of ACTC-1 and CD133 Positive Cells. Pre-     

vious studies have reported that the movement of GBM cells 

was inhibited when ACTC-1 (actin alpha cardiac muscle 1) 

was suppressed, and as CSCs, there have been reports of 

reduced drug resistance by the suppression of CD133 positive 

cells.15,16,32 Therefore, immunochemical staining was per-

formed to confirm the hypothesis of cell proliferation and mor-

phological change by synthesizing the previous results in this 

study. A mixture of pyrvinium 200 nM and poly(cresolsulfonic 

acid) 110 µg/mL was added and the cells were incubated for 

3 days; additionally, immunochemical staining of ACTC-1 and 

CD133 was attempted for comparison with the medium with-

out drug addition. As shown in Figure 5, the expression of 

ACTC-1 and the amount of CD133 positive cells were 

reduced, thereby inhibiting the formation of cell structures 

with aggressive vine-shaped infiltration characteristics. 

Figure 3. Results of observing the response of cells while increas-

ing the amount of pyrvinium and poly(cresolsulfonic acid): (a) U-

87MG; (b) NIH-3T3; (c) U-87MG image (×100) cultured without 

drugs; (d) U-87 MG image cultured with drugs (×100) and low 

magnification (×40) photograph on the upper right side of the pho-

tograph, (1: 50/28, 2: 75/41, 3: 100/55, 4: 125/69, 5: 150/83, 6: 175/

97, 7: 200/110, and 8: 250 nM/124 µg/mL as poly(cresolsulfonic 

acid)/pyrvinium mixtures).

Figure 4. Photographs of the cells after drugged, drug removal and 

re-drugging: (a) U-87MG image cultured without drugs; (b) U-87MG

image cultured with mixture of pyrvinium 200 nM and poly(cresol-

sulfonic acid) 110 µg/mL; (c) cultured image for 3 days after removing 

the drug from the U-87MG cells; (d) cultured image for 3 days after 

adding the drug again from Figure 3(c), ×100.
 Polym. Korea, Vol. 47, No. 3, 2023
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A Study on the Cell Responses in Temozolomide and        

Pyrvinium and Poly(Cresolsulfonic Acid) Mixture. Cell     

proliferation was observed by increasing the concentration of 

TZM in a mixture of pyrvinium 200 nM and poly(cresol-

sulfonic acid) 110 µg/mL. As shown in Figure 6(a), when only 

TMZ, a cytotoxic anticancer drug, was applied, the concen-

tration inhibiting the proliferation of approximately 50% of 

cells was approximately 700-750 µM. Additionally, cytotox-

icity was exhibited at a significantly high concentration of 

TMZ as a drug approved for GBM. In contrast, in the case of 

the mixture (Figure 6(b)), a cell inhibition of 50% showed a 

tendency to decrease significantly to approximately 300-350 

µM. Poly(cresolsulfonic acid), pyrvinium, and temozolomide 

all play different roles. It is believed to be the result of the 

combination of inhibition of selective energy metabolism of 

CD-133 positive cells by firbinium, cytotoxic effect by gua-

nine methylation reaction of temozolomide, and ECM inhi-

bition effect of poly(cresolsulfonic acid). Considering that the 

cytotoxicity of the mixture is high, research on combination 

administration with TMZ is needed in the future.

A Study on the Response of Liver and Pancreatic     

Cancer Cells Using Pyrvinium/Poly(Cresolsulfonic Acid)    

Mixture. As previously described in Section 2.5, the cell     

responses to pancreatic (AsPC-1) and liver (HepG2) cancers 

were tested using a mixture of pyrvinium and poly(cresol-

sulfonic acid) of various concentrations. As shown in Table 3, 

cytotoxicity and similar morphological changes as in U-87 

MG cells were observed in proportion to drug concentration in 

the liver cancer cell group, while no effect in terms of cell mor-

phological changes and proliferation was observed in the pan-

Figure 5. Results of immunostaining on ACTC-1 and CD133 positive cells.

Figure 6. Results of cell viability in temozolomide and pyrvinium and poly(cresolsulfonic acid) mixture: (a) cell survival rate when using 

temozolomide alone; (b) cell survival rate when using mixtures (temozolomide and pyrvinium and poly(cresolsulfonic acid)).
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creatic cancer cell group. Therefore, the results of U-87MG 

and HepG2 were completely different from AsPC-1 cells, pos-

sibly due to a difference in the mechanism by which the drug 

reacts within the cell. This particular aspect needs further 

research, and it has been confirmed that it responds specifically 

to U-87MG and HepG2 cells.

Conclusions

The effect of a mixture of pyrvinium and poly(cresolsulfonic 

acid) on GBM cells, which are malignant brain tumor cells, 

was evaluated. An analysis of the cell morphological changes 

and survival rates as well as the ACTC-1 and CD133 positive 

cells was conducted, and the formation of cancer-specific inva-

sive and bead-type cell clusters were confirmed to be sup-

pressed. Additionally, the cytotoxicity increased significantly 

when the mixture was used in combination with TMZ than 

when used alone. In future animal experiments, research on 

carriers for blood-brain barrier passage should be preceded.
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