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Abstract: 
Background: The acquisition of chemoresistance is one of the most concerning challenges in anti-cancer 

therapy.  Despite being used as the first-line treatment for advanced or metastatic colorectal cancer, the 

development of resistance to oxaliplatin (L-OHP) is a problem that affects many patients treated with this 

drug.This study aimed to describe and characterize the establishment of an oxaliplatin (L-OHP) resistant 

colorectal cancer cell line (HCT116-R).   

Materials and Methods: The HCT116-R cell line was obtained through prolonged exposure to gradually 

increasing L-OHP concentrations. The growth activity, tumor spheroid formation capacity, cell cycle, and cell 

death were analyzed. 

Results: After acquiring resistance, cells showed a significant change in their doubling time and growth rate 

when exposed to different L-OHP concentrations. HCT116-R cells are more efficient in forming tumor spheres, 

even after exposure to high L-OHP concentrations, when compared to a sensitive cell line (HCT116-S). 

HCT116-R cells seemed to evade apoptosis and cell cycle arrest with an increased percentage of cells in the 

G0/G1 phase, even when exposed to high L-OHP concentrations, and an increased proportion of cells in the 

G2/M phase after exposure to the highest L-OHP concentration. HCT116-S cells presented increased apoptosis 

in addition to a high incidence in the sub-G1 phase when exposed to any L-OHP concentration.  

Conclusion:The prolonged exposure with a gradual increase in L-OHP concentration used herein is feasible to 

reproduce, and the characteristics observed for the resistant cell line are consistent with the profile expected for 

resistant cells. This model can be used to better understand the biological response behind resistance, how new 

treatments could improve the response to chemotherapy with L-OHP, and contribute to discovering possible 

therapeutic biomarkers for a resistance model. 
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I. INTRODUCTION 
 Colorectal cancer (CRC) is a multifactorial disease of the digestive tract affecting both the colon and 

rectum that can be influenced by genetic factors (heredity) and factors relating to lifestyle, diet, and obesity1-4. 

Standard CRC treatment consists of surgery involving the mechanical removal of polyps/tumors, and is often 

associated with systemic chemotherapy and/or radiotherapy regimens before or after their removal1,5-7. 

Depending on the cancer stage, other therapies may be combined to improve treatment, for example in cases 

involving patients with advanced or metastatic CRC in which immunotherapy targeting the tumor molecular 

profile may be employed7,8,9.Despite advances, drug resistance remains a common challenging occurrence in 

CRC patients, resulting in loss of treatment efficacy and, consequently, recurrence in a more aggressive and 

lethal profile6,8,10-12 with a median 5-year survival rate for only 10% of patients2,13,14. 

One of the most used chemotherapy drugs in metastatic CRC is oxaliplatin (L-OHP), a third-generation 

platinum agent. L-OHP is a therapeutic improvement over first- and second-generation platinum agents, such as 

cisplatin and carboplatin, respectively15,16. L-OHP is an alkylating agent with an oxalate group and a DACH 

carrier ligand (diaminocyclohexane) enabling the formation of covalent bonds with DNA (DNA adducts), 

leading to a cascade of failures in important cellular processes and, consequently, cell death by apoptosis and 

necrosis17-20. The introduction of L-OHP as a first or second-line therapy for advanced or metastatic tumors has 

significantly increased patient survival rate. It is noteworthy that it can be improved when used in combination 
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chemotherapy regimens, such as when associated with the drugs 5-fluorouracil and leucovorin. However, there 

is still a 40% resistance rate in patients18,19. 

As most treatments are performed in long-term regimens, the remaining cells change over time, absorb 

the chemotherapy in a smaller amount, and acquire other mutations favorable to the resistance profile21. The 

new profile can be caused by intrinsic or acquired factors and mediated by factors external/internal to the cell or 

in its membrane 22,23.The acquisition of drug resistance profiles by cancer cells is known as multidrug-resistance 

(MDR) which is characterized by the development of several mechanisms enabling cancer cells to circumvent 

the effects of anti-cancer drugs, thereby resulting in treatment failure and increased malignancy23,24. Noteworthy 

characteristics involved in the MDR profile include: (1) altered apoptotic pathways, such as the increase of the 

proteins involved in DNA repair; (2) increased drug metabolism or inactivation; (3) over-expression of efflux 

pumps on the cell membrane, associated with decreased drug influx, and (4) alteration of cell cycle checkpoints; 

among others23,25-29.  

Establishing an in vitro model of L-OHP resistant CRC is an important contribution to the knowledge 

about the biology and treatment of MDR CRC. Thus, the present study aimed to describe the development and 

characterization of a resistant CRC cell line model by prolonged exposure to gradually increasing L-OHP 

concentrations, fostering future studies into new treatments and the molecular profile behind the therapeutic 

response. 

 

II. MATERIAL AND METHODS 
Cell culture 

The human colorectal carcinoma cell line (HCT116) was kindly provided by Dr. Leticia Veras Costa 

Lotufo (Institute of Biomedical Sciences, University of São Paulo, SP). Cells were cultured in RPMI-1640 

medium (Sigma Aldrich) supplemented with 10% fetal bovine serum and 1% (v/v) penicillin/streptomycin 

(GIBCO), in a controlled incubator (37 °C, humidified atmosphere with 5% CO2), and subcultured on reaching 

80% confluence.  

 

Determination of oxaliplatin half-maximal inhibitory concentration (IC50)  

To determine the L-OHP half-maximal inhibitory concentration (IC50), HCT116 cells were plated in a 

96-well plate at a density of 1x104 cells/well 24 h before exposure to increasing (2, 5, 10, 20, 30, 40, 60, 80, 

100, and 120 µM) L-OHP concentrations (Energy Chemical, China. Cat. No. E0215670050, CAS No. 61825-

94-3) diluted in the medium. After 48 h of exposure, cytotoxicity was analyzed using the MTT tetrazolium salt 

colorimetric assay (5 mg/mL, Invitrogen, USA)30. The IC50 value was obtained by comparing the dose-survival 

curve to the group of cells exposed to culture medium only (control). 

 

Resistant cell line establishment 

The induction of the L-OHP-resistant cell line (HCT116-R) followed the protocol of prolonged 

exposure with gradual increases in L-OHP concentration31. Throughout the HCT116-R cell line establishment, 

the parental cell line was exposed to the standard culture medium as a control/sensitive group (HCT116-S). 

After IC50 determination, the cells were cultured in T75 bottles and, after reaching 60% confluence, exposed to 

an initial L-OHP concentration corresponding to 1/3 of the IC50 diluted in the culture medium. After 48 h of 

drug exposure, the culture medium was changed to the standard medium without L-OHP. After reaching 80% 

confluence, cells were subcultured and treated with the same initial L-OHP concentration. This procedure was 

repeated once more, totaling 3 times for each concentration, after which the concentration was doubled and the 

procedure repeated for each new concentration. 

The HCT116-R cell line was established after the concentration equivalent to 10x the IC50 value and 

sporadically exposed to a medium containing 4 µM L-OHP to maintain resistance. Cells were cultured until 10 

passages after the establishment.  

 

Growth analysis: trypan blue exclusion assay  

To identify changes in doubling time, HCT116-S and HCT116-R cell growth times were compared. 

For this, 2x103 cells were cultured in 6-well plates in triplicate and maintained for 120 h, with the medium 

renewed every 48 h. The viable cell number was determined using trypan blue staining and a Neubauer camera, 

counting every 24 h until reaching 120 h using a double-blind counting system. Finally, the doubling time was 

calculated by using an algorithm available online32.  

 

Real-time growth assay  

The growth of each cell line exposed to L-OHP, HCT116-S and HCT116-R, was analyzed in real-time 

by the xCELLigence RTCA DP system (Roche, San Diego, CA, USA), using 16-well plates containing gold 

electrodes at the bottom (E-Plate 16). Five experimental groups were used: (1) control: cells exposed to standard 
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medium; (2) L-OHP 5 µM: cells exposed to L-OHP 5 µM; (3) L-OHP 50 µM: cells exposed to L-OHP 50 µM; 

(4) L-OHP 100 µM: cells exposed to L-OHP 100 µM, and (5) Blank: medium without cells to control the 

impedance signal. 

Briefly, 50 µL of the medium was added to each well to set the equipment for 10 min. Shortly after, the 

reading was paused, and 100 µL of medium containing 2x103 cells was added. Thirty minutes after adding the 

cells to the wells, the plates were placed in the RTCA. The equipment was calibrated for 10 min, followed by 

cell index (CI) acquisition by measuring the impedance every 30 min for 120 h. The reading was paused after 24 

h to change the medium with/without treatment, according to each group. After 48 h of exposure to the 

treatments, reading was paused, the medium was replaced with standard medium, and reading restarted until 

completion of 120 h. 

 

Tumor spheroid formation assay 

To analyze spheroid formation, 3D assays of the HCT116-S and HCT116-R cell lines were performed 

in the presence of L-OHP over 7 days, following the methodology previously described33. Briefly, cells were 

plated at a density of 2,000 cells per well in a 96-well plate modified with 50 μL of low melting agarose 1.5 % 

(wt/vol) (Invitrogen). The plates were stored in the cell incubator to allow sphere formation for 4 days after 

which time they were photographed using an inverted microscope (Invitrogen™ EVOS™ FL Auto Imaging 

System) and had the culture medium changed, as follows: (1) control: cells exposed to standard medium; (2) L-

OHP 5 µM: cells exposed to 5 µM L-OHP; (3) L-OHP 50 µM: cells exposed to 50 µM L-OHP, and (4) L-OHP 

100 µM: cells exposed to 100 µM L-OHP. Finally, after 7 days, cells were rephotographed. 

The photos were analyzed using the free ImageJ software to measure the spheroid horizontal diameter 

of each cell line and calculate the total area (spheroid contour and value in pixels). In addition, spheroidal 

growth rate was determined using the pixel value on day 4 and day 7 for each group. 

 

Cell cycle analysis: flow cytometry 

A concentration of 1x105 cells from each cell line exposed to L-OHP (0 µM, 5 µM, 50 µM, and 100 

µM) for 48 h was centrifuged, with the resulting pellet washed with PBS, and recentrifuged. The supernatant 

was removed. The cells were fixed with 1 mL of ice-cold 70% ethyl alcohol at -20 °C overnight. The cell pellet 

was washed with PBS and incubated with a solution of ribonuclease A (RNase A, 0.05%) and propidium iodide 

(50 µg/mL). The cells were analyzed using a flow cytometer (BD Accuri™ C6 Plus Flow Cytometer, USA). 

Cell cycle analysis was performed using the FlowJo™ Software.  

 

Cell death analysis: flow cytometry 
Similar to the previous assay, 1x105 cells from each cell line exposed for 48 h to L-OHP (0 µM, 5 µM, 

50 µM, and 100 µM) were centrifuged and washed with PBS. Cell death was assessed using the Annexin V-

FITC Apoptosis Detection Kit (Invitrogen™), following the manufacturer's instructions. Briefly, the cells were 

resuspended in binding buffer, prior to exposure to markers, kept on ice, and incubated for 15 min in the dark in 

5 µL annexin-V-FITC. After a short period, the cells were subsequently exposed to 10 µL propidium iodide (20 

µg/mL), and analyzed using a flow cytometer (BD Accuri™ C6 Plus Flow Cytometer, USA). The data was 

analyzed using the FlowJo™ Software. 

 

Statistical analysis 

Statistical analysis was performed using the GraphPad Prism 6 software (GraphPad Software, USA). 

The Student's t-test was used to compare the means between the 2 groups, together with analysis of variance 

(ANOVA) and the post-hoc Tukey test to compare more than 2 groups, always considering a 95% confidence 

interval. 

 

III. RESULT 
Resistant cell line establishment 
   Initially, the L-OHP IC50 value for the parental cell line (HCT116-S) was 2.8±0.04 µM at passage 1 

(P1). Thus, cell line establishment was started with 1 µM and ended after reaching a 30 µM L-OHP in the 

culture medium. The total exposure time to obtain the HCT116-R cell line was approximately 11 months. It is 

important to note that in the first exposure to chemotherapy, the cell line was at passage 7 (P7) and after 

reaching the final resistance value, the HCT116-R cell line was at P40. A control bottle of HCT116-S, exposed 

to the standard culture medium only was maintained throughout the entire resistance induction period, ending at 

the same passage number. Both cell lines were used for no more than 10 passages after establishment. 

   The final resistance result is described in Fig. 1, shows the difference between the IC50 of each cell line, 

which is 2.7±0.3 µM for the HCT116-S cell line and 26.6±1.5 µM for the HCT116-R cell line (Fig. 1a). 
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Thedrug resistance index is equal to 10.2±1.0, demonstrating that the HCT116-R cell line is significantly 

resistant to L-OHP (P˂0.001) (Fig. 1b). 

 

 

Figure 1. Viability analysis after the establishment of resistant cell line by gradual exposition to L-

OHP. (a) Exposition to L-OHP for 48 h to determine the IC50. Dotted line represents the viability of 50% of the 

cells. (b) Drug resistance index. Results expressed as mean ±SEM (standard error of the mean) of3 independent 

experiments performed in triplicate. Student’s t-test: **P˂0.001 

 

Growth analysis using trypan blue exclusion assay and real-time growth assay 
   The doubling time of the HCT116-R cell line is 26.89±0.8 h, significantly higher (P>0.001) than the 

time that the HCT116-S cell line takes to double (19.29±0.9 h) (Fig.2a). HCT116-R cells showed slower growth 

than parental cells (HCT116-S), both in the trypan blue exclusion assay (Fig.2b) and in the real-time growth 

assay (Fig.3). 

 

 
Figure2.Cell growth analysis. (a) Average doubling time for each cell line, using the average time 

obtained by trypan blue counting and real-time analysis; (b) Cell number determined by trypan blue exclusion 

assay over 120 h. Results expressed as mean ±SEM of3 independent experiments performed in triplicate. 

Student’s t-test: **P˂0.01; ***P˂0.001; ****P˂0.0001 

   The HCT116-S cells showed a cell index drop 16 h (death onset time) after exposure to the highest L-

OHP concentrations (50 and 100 µM) and a cell index drop 28 h after exposure to 5 µM L-OHP(Fig. 3a), the 

drop was continuous until the cellular index value was close to zero and similar to the negative control (blank 

group) (Fig.3a and 3c). In contrast, the HCT116-R cells presented continuous growth in the presence of 5 µM L-

OHP, and at the highest concentrations (50 and 100 µM) was observed to enter a latency state (Fig.3b and 3c). 
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Figure3.Real-time cell growth analysis. (a) HCT116-S real-time growth curve after exposure to 

different L-OHP concentrations. (b) HCT116-R real-time growth curve after exposure to different L-OHP 

concentrations; (c) Cell index percentage at the end of 120 h in the presence/absence of L-OHP. Results 

expressed as mean ±SEM of3 independent experiments performed in triplicate. ANOVA two-way: **P˂0.01; 

****P˂0.0001  

 

Tumor spheroid formation assay 

   Fig. 4a shows the spheroid photomicrographs after 4 days of growth (without treatment), followed by 

the same spheroids 3 days after the addition of each treatment (total of 7 days of growth). After exposure to the 

higher L-OHP concentrations (50 and 100 µM), spheroids formed by HCT116-S cells demonstrated a 

statistically significant reduction in their total area (Fig.4b). This reduction can be observed in the 

photomicrographs with a ring of dead cells visible around a small spheroid, not observed for the HCT116-R 

cells (Fig.4a). 
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Figure4.Tumor spheroid formation assay. (a) Spheroid photomicrographs of HCT116-S and HCT116-

R cells exposed to different concentrations of L-OHP. Scale bar: 200 µm. (b) Spheroid total area percentage in 

relation to the control after 3 days of exposure to the treatments, a total of 7 days of spheroid growth. Bars with 

different letters are statistically different (ANOVA two-way). Results expressed as mean ±SEM of3 independent 

experiments performed in triplicate. 

 

Cell cycle analysis: flow cytometry 

  Flow cytometric analysis was performed to determine the cell-cycle profile. A total of 1x104 cells were 

recorded and the results are presented as mean percentage (±standard error, SD) of 2 independent experiments 

(Fig.5).  

  The proportion of cells in G0/G1 phase is increased for HCT116-R cells when compared with 

HCT116-S cells. As shown in Fig.5, the values for HCT116-S are 39.45% (±4.31), 18.90% (±0.57), 14.75% 
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(±1.48), and 17.70% (±0.57); and for HCT116-R: 43.10% (±1.56), 39.75% (±1.48), 49.60% (±0.85), 33.90% 

(±0.42), after a 48-h treatment with L-OHP 0, 5, 50, and 100 μM, respectively.  

  The HCT116-R cells did not present cells in the sub-G1 phase in the control group and group L-OHP 5 

μM, 3.61% (±1.30) in group L-OHP 50 μM, 6.88% (±0.02) in group L-OHP 100 μM, after a 48-h treatment. 

Unlike the HCT116-R cells, the percentage of cells in the sub-G1 phase significantly increased for HCT116-S 

cells treated with L-OHP, as follows: 1.13% (±0.66), 31.50% (±3.82), 40.40% (±5.23), 33.50% (±2.26), after 

48-h treatment with L-OHP 0, 5, 50, and 100 μM, respectively. 

  The proportion of HCT116-R cells in G2/M phase increased after exposure to 100μML-OHP when 

compared to the other concentrations, as follows: 23.65% (±14.35), 14.35% (±1.91), 23.15% (±0.78), and 

44.35% (±18.60), after a 48-h treatment with 0, 5, 50, and 100 μM L-OHP, respectively. 

  Finally, it is possible to observe in Fig. 5a that the cell cycle pattern of HCT116-R treated with L-OHP 

at a concentration of 5 μM and 50 μM remains similar to the control group. 

 

 

Figure5.Cell cycle analysis by flow cytometry. (a) Cell cycle profile of HCT116-S and HCT116-R cell 

lines exposed to different L-OHP concentrations for 48 h. The first peak represents the G0/G1 phase; the second 

peak represents the S phase, and the third peak represents the G2/M phase; (b) HCT116-S cell line treated with 

different L-OHP concentrations; (C) HCT116-R cell line treated with different L-OHP concentrations. Results 

expressed as the mean of 2 independent experiments. 

 

Cell death analysis: flow cytometry 
   The cell death analysis of HCT116-S and HCT116-R exposed to different L-OHP concentrations for 48 

h is represented in Fig.6. The results are expressed as the mean percentage (±SD) of 2 independent experiments. 

Exposure to L-OHP caused apoptosis in the HCT116-S cell line (Q2 and Q3), with 4.24% (±2.41), 23.92% (± 

0.46), 41.35% (± 6.15), and 39.50% (±10.75)after a 48-h treatment with 0, 5, 50, and 100 μM L-OHP, 

respectively. HCT116-R showed higher cell viability (Q4) and a lower apoptosis rate (Q2 and Q3) independent 

of the L-OHP concentration used, such as 7.99% (±1.60), 5.67% (±2.61), 10.64% (±0.27), and 15.67% 

(±0.11)for 0, 5, 50, and 100 μM, respectively. These results corroborated the previous viability assays and 
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suggested a significant resistance of the HCT116-R cell line to L-OHP, which seems to develop mechanisms to 

evade apoptosis. 

 

Figure6.Cell death analysis by flow cytometry. (a) Cell death profile of HCT116-S and HCT116-R cell 

lines exposed to different L-OHP concentrations for 48 h; (b) Total apoptosis analysis (Q2 and Q3). Results 

expressed as mean ±SE (standard error) of 2 independent experiments. ANOVA two-way: *P˂0.05; **P˂0.01; 

***P˂0.001 

 

IV. DISCUSSION 
The protocol employed, involving prolonged exposure and gradually increasing L-OHP, is feasible and 

allowed us to obtain a significantly chemoresistant cell line, confirmed by the increased OHP IC50 value which 

was 10 times greater for the resistant cell line than the sensitive/parental cell line. The time taken to obtain 

HCT116-R cells with a drug resistance index (DRI) equal to 10.2±1.0 was similar to that reported by ZHANG et 

al31, approximately 9.4 months and DRI 10.78 for the L-OHP-resistant HCT-8 CRC cell line.  

The cells herein were cultured for 40 passages until they reached the final resistance value stated which 

is also consistent with data in the study by JENSEN et al34, in which the 3 CRC cell lines used (HCT116; HT29; 

LoVo) in the last exposure to L-OHP were between passages 41 and 47. Therefore, it is a similar passage 

number to the resistance induction protocols involving prolonged and gradual exposure to L-OHP. 

Here we showed that the HCT116-R cell line (doubling time: 26.89±0.8 h) has a slower growth rate 

compared to the HCT116-S cell line (doubling time: 19.29±0.9 h). The changes in the growth rate after L-OHP 

resistance acquisition were also reported by KHOURY et al26, in a study comparing the growth of parental and 

resistant cells using MTT and flow cytometry, in which the authors demonstrated that L-OHP resistant HT29 

cells grew slower than the parental cells. In addition, the authors observed a similar change in growth rate in 

doxorubicin-resistant HCT116 cells compared to parental cells. 

Similar to our findings, LIU et al35 developed 2 L-OHP-resistant CRC cell lines (SW620/L-OHP and 

loVo/L-OHP cells) after a prolonged and gradually increasing exposure to L-OHP, totaling 10 months and more 
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than 100 passages to obtain the final cell lines. Corroborating our results, the authors also evidenced changes in 

the doubling time of resistant cells (SW620/L-OHP cells: 34.94 h; loVo/L-OHP cells: 28.11 h), which became 

slightly slower than the sensitive cells (SW620 cells: 29.53 h; loVo cells: 24.77 h). 

The real-time growth of cells exposed to different L-OHP concentrations showed us that there is a 

difference in the growth curve of each cell line. The HCT116-S cells grow at a faster rate and die after a 

duration exposed to any concentration of L-OHP. In contrast, HCT116-R cells grow more slowly when exposed 

to lower L-OHP, concentrations but stop growing at higher concentrations and seem to enter a steady state. The 

steady state observed herein may be related to entry into the senescence state, as described by WAS et al36. 

These authors demonstrated that cells exposed to chemotherapy possess this characteristic as a drug defense 

mechanism which relates to the clinical observation involving tumor reoccurrence a short while after the 

completion of treatment. 

Corroborating our findings, ALMENDRO et al37 developed 3 L-OHP-resistant CRC cell lines and 

demonstrated that the modified cells were more resistant to apoptosis when exposed to chemotherapy. Our 

results suggest that HCT116-R cells also evade apoptosis, even when exposed to higher L-OHP concentrations. 

Conversely, HCT116-S cells exposed to higher L-OHP concentrations demonstrated a high apoptosis rate and 

an increased percentage of sub-G1 phase, in addition to a significant difference in spheroid integrity, with the 

presence of an evident ring of dead cells around the spheroid and a reduction in the final total area. 

Cell cycle analysis indicated an increased percentage of HCT116-R cells in the G0/G1 phase, different 

from the HCT116-S cells. It is noteworthy that cells stop growing in the G0 phase and initiate the cell cycle in 

the G1 phase, so the increase in this proportion of cells corresponds to the arrest of cell growth35,38-41. The G2/M 

phase, a DNA damage checkpoint, ensures that cells repair damaged DNA or arrest proliferating, maintaining 

genomic stability, which is commonly increased in cells treated with platinum-based drugs, leading to 

apoptosis35,38,42.  

SU et al41 demonstrated that their developed HCT116/L-OHP-resistant cells (DRI 9.4) were mainly 

composed of the G1 phase, which decreased after combined L-OHP and erianin treatment with and significantly 

increased the proportion of cells in G2/M phases, indicating a reversal of L-OHP resistance. In addition, YANO 

et al43 demonstrated that invading cancer cells were usually in the GO/G1 phase, associated with a resistant 

profile against cytotoxic chemotherapy, and possessed a faster migratory capacity when in the G0/G1 phase than 

cancer cells in S/G2/M phases. 

As observed herein, LIU et al35 showed a higher proportion of cells in G0/G1 phase and a lower 

proportion in G2/M phase for their 2 L-OHP-resistant cell lines (SW620/L-OHP and loVo/L-OHP) when 

compared to the parental cell line, a finding the authors associated with the development of a stem cell-like 

phenotype and an MDR profile. It is known that chemotherapeutic resistant cells can develop several MDR 

mechanisms, such as drug inactivation, changes in drug target sites, increased DNA repair, increased expression 

of resistance-related genes, alterations in cell cycle, high expression of drug efflux pumps, and inhibition of cell 

death by apoptosis suppression41,44,45. 

The apoptosis evasion after L-OHP treatment of the HCT116-R observed in our work may suggest 

development relating to L-OHP resistance acquisition: an increase in DNA repair proteins removing the 

platinum-DNA adducts, modulation of cell cycle regulatory proteins, or even greater tolerance to DNA adduct 

accumulation18,38,40,45. ZHANG et al31 compared the resistant HCT-8 cell with its parental/sensitive cell. The 

authors demonstrated that the induction of resistance led to significant changes in the expression of genes and 

proteins related to the MDR profile, with increases in DNA repair protein (ERCC1), efflux pump (ABCB1 and 

ABCC1), and GSTP1, related to drug detoxification. 

The characteristics relating to MDR profile acquisition open a range of possibilities for the use of this 

type of cell model. It allows the carrying out of studies aiming to use resistant cell lines to understand how these 

cells respond to treatment, which is essential in terms of contributing to the effectiveness of the therapeutic 

regimen. 

Furthermore, this kind of model can be used to analyze the acquisition of cross-resistance to other 

drugs as demonstrated by LIU et al35. The authors found that the established cell lines not only showed 

resistance to L-OHP, but also to other chemotherapeutic drugs, such as 5- fluorouracil, etoposide, cisplatin, 

vincristine, and epirubicin. This possibility may contribute to a better understanding of the molecular 

mechanisms related to resistance and the study of new treatments that may contribute to reverting resistance to 

chemotherapeutics. 

 

V. CONCLUSION 

The model developed is viable to be reproduced and can be used to contribute to studies with different 

goals, including: MDR mechanisms; therapeutic responses to new treatments; new approaches in an L-OHP 

resistant model; understanding how a resistant tumor might be responding, and the molecular mechanisms 

behind that response. 
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