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Antitumor Activity of Dehydroxymethylepoxyquinomicin (DHMEQ)
in Monotherapy and Combination with Cisplatin in the SKOV-3

Ovarian Cancer Model
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Abstract: The objective of this study was to evaluate the antitumor activity of DHMEQ as monotherapy and in
combination with cisplatin in a human ovarian cancer xenograft model. Cisplatin was used as a comparator. To create
the xenograft model, human ovarian cancer cells (SKOV-3 line) were subcutaneously implanted into immunodeficient
mice. The study was conducted on female SCID Beige C.B-17 Cg-Prkdcscid Lystbg/Crl mice. Antitumor activity was
determined by comparing tumor growth inhibition (TGI) in the treatment groups to that in the control group. Results
showed that daily intraperitoneal administration of DHMEQ at a dose of 14 mg/kg following a single intraperitoneal dose
of cisplatin at 4 mg/kg reduced tumor growth in the SKOV-3 cell line xenograft model.
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INTRODUCTION

Ovarian cancer (OC) is one of the most dangerous
types of gynecological malignancies [1, 2]. Annually,
more than 200,000 cases of OC are diagnosed
worldwide, with some reports indicating up to 295,000
cases [3, 4]. Itis projected that the incidence of ovarian
cancer will significantly increase by 2040 [5]. Statistical
data from 1990 to 2017 show that the mortality rate
from ovarian cancer has increased by 842% [6]. In the
structure of oncological diseases among the female
population of Russia, ovarian cancer accounts for 44%,
which is one-third of all gynecological cancers [7].
About 30% of all women diagnosed with ovarian cancer
die within the first year after diagnosis. This situation
arises because the symptoms of this pathology in the
early stage are imperceptible [8]. Despite extensive
research in oncology, there are currently limited
methods for early-stage diagnosis of ovarian cancer [9,
10]. Interval or primary cytoreductive surgery and
combined therapy with platinum and taxane drugs play
a crucial role in OC treatment [11-13]. The response
rate to first-line therapy is about 80-90%, but most
patients subsequently experience recurrence and
develop resistance to therapy, resulting in a 5-year
survival rate of less than 35% [7]. Therefore, the search
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for new effective drugs and combinations for the
treatment of OC is an urgent task in modern oncology
[14]. The aim of this study is to evaluate the antitumor
activity of the combination of dehydroxymethyl
epoxychinomicin (DHMEQ) and cisplatin in an ovarian
cancer model in vivo. Previous studies have also
provided data on the acute toxicity of DHMEQ with a
single intraperitoneal injection in mice [15-17]. Cisplatin
was chosen as the comparator and for combination
studies, as it is one of the most frequently used drugs
for treating ovarian cancer, including disseminated
forms, and is also used in hyperthermic intraperitoneal
chemotherapy (HIPEC) [18, 19].

MATERIALS AND METHODS

Animals

Immunodeficient mice are a convenient model for
studying the antitumor activity of drugs. The absence of
immunity allows human cancer cells to be transplanted,
increasing the predictive reliability of the activity of the
studied substances. Female SCID Beige C.B-17 Cg-
Prkdcscid Lystbg/Crl mice (Charles River), aged 13
weeks at the start of the study, were used. Air in the
laboratory is triple-filtered, with the final stage through
HEPA filters. The animals were housed under
controlled environmental conditions (22-26°C and 30-
70% relative humidity). Temperature and humidity were
monitored using a computerized system. The rooms
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were maintained on a 12-hour light/dark cycle with 10-
15 air changes per hour. Immunodeficient mice were
kept in individually ventilated cages (1285L type,
Techniplast, 4-8 mice per cage) connected to a
TouchSLIMLinePlus air conditioning system (Sealsafe
system from Techniplast). The cages were
mechanically and chemically cleaned and autoclaved
before use. "Rehofix MK-2000" (Rettenmeyer-Rus
LLC) was used as bedding. The animals had free
access to water and food. The mice were fed a
complete diet for laboratory animals, JL Rat and Mouse
Auto 6F-Ovals, cat. No. 5K67 (LabDiet). The food was
autoclaved and provided ad libitum in the feed recess
of the steel mesh cage cover. Filtered tap water was
autoclaved and provided ad libitum in standard
autoclaved drinking bottles with steel nozzles. Each
animal was assigned an individual number marked on
the tail with a special marker. Cages were labeled with
the following information: protocol number, species,
sex, number of animals, start and end of the
experiment, responsible staff member, drug name,
date, and method of administration. Bedding was
replaced twice a week, and water bottles were changed
every two days. The animal rooms were cleaned daily.
The adaptation period before the experiment was over
two weeks, during which the animals were inspected
daily. No abnormalities were found.

Treatment

DHMEQ (synthesized by TechnoChem CO. LTD.,
Tokyo, Japan) was dissolved in 100% DMSO. Stock
solutions of DHMEQ in 100% DMSO were stored for no
more than two weeks at +4°C in a dark place, away
from direct sunlight. Cisplatin (Cisplatin-LENS,
produced by Veropharm, Russia) was administered
intraperitoneally at a volume of 8 mL/kg, as the
concentration of cisplatin in the factory packaging was
0.5 mg/mL. For the first administration of DHMEQ with
cisplatin, the DHMEQ stock solution was diluted with
the cisplatin solution to a concentration of 175 mg/mL
and administered at a volume of 8 mL/kg (the final
DMSO concentration in the solution was 0.31%).
According to our own data the LD50 value for DHMEQ
with a single intraperitoneal injection in female mice
was 176,82+35,61 mg/kg, classifying DHMEQ as a
Class 1ll toxicity compound (moderately toxic)
according to Russian government standard 12.1.007-
76 and maximum tolerated dose for female SCID Beige
mice (C.B-17 Cg-Prkdcscid Lystbg/Crl, Charles River)
is 4 mg/kg. For groups receiving DHMEQ at doses of 7
and 14 mg/kg for the first administration, solutions with
concentrations of 175 and 87.5 mg/mL were prepared

and administered at a volume of 8 mL/kg. The control
group received the solvent at 8 mL/kg. The second and
subsequent administrations were performed at a
volume of 5 mL/kg. Working solutions of DHMEQ in
DMSO and saline were prepared with DHMEQ
concentrations of 28 (for a dose of 14 mg/kg) and 14
(for a dose of 7 mg/kg) mg/mL (the final DMSO
concentration in the solution was 0.5%). The drug was
administered intraperitoneally to mice at 5 mL/kg. The
control group received the solvent at 5 mL/kg. Working
solutions of DHMEQ were prepared immediately before
intraperitoneal administration and were not stored.

Tumor Measurements and Antitumor Activity

Human ovarian cancer SKOV-3 cells were cultured
in RPMI-1640 medium (PanEco; C330p) containing
10% FBS (HyClone; SV30160.03), 2 mM sodium
glutamine (PanEco; FO032), 1x sodium pyruvate
(PanEco; FO023), 1x non-essential amino acids
(PanEco; F115/50), 1x penicillin-streptomycin (PanEco;
A065). Cells were thawed, cultured in T175 flasks, and
passaged every 3-4 days. For subcutaneous injection,
cells were washed in a-MEM medium (PanEco; C180p)
without serum, counted, and centrifuged at 900 rpm (R
rotor 20.4 cm). Cells were resuspended in a-MEM
medium at <10°C to a final concentration of 50
million/mL. Matrigel (Corning® Matrigel #354234) was
added to the cell suspension to a final concentration of
25 million/mL. The distribution of animals into
experimental groups is detailed in Table 1. The cell
suspension was injected subcutaneously along the
spine (right shoulder blade area) at 0.2 mL (5 million
cells) per mouse. The injection site was shaved and
disinfected  with  AHD-2000. Main  Measured
Parameters: Subcutaneous tumor size was measured
twice weekly. Tumor volume was calculated using the
formula: Volume=m1/6 x L x WA2, where L is the largest
diameter and W is the smallest. Measurements were
taken with calipers. Antitumor activity was determined
by comparing tumor growth inhibition (TGI) in the
treatment groups to the control group. TGl was
calculated using: TGI=(C-T)x100/C, where C is the
average tumor size in the control group and T is the
tumor size in the experimental group. TGl was
assessed on days 14 and 18 of the study. Animal
health and behavior were monitored, and lethality was
recorded. Body weight was measured twice weekly.
Average tumor sizes at the end of the study were used
for statistical comparisons of tumor growth inhibition.
The Mann-Whitney test was used for intergroup
comparisons (GraphPad Prism). Statistical significance
was set at < 0.05. All animals were euthanized by CO,
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Table 1: Animal Groups in the Experiment
Group Number Drug Number of Animals | Dose (mg/kg) Injection Volume (mL/kg) Number of Injections
1 Control/Solvent 6 0 5 14
2 Cisplatin/Solvent 7 4 8/5 Single/14
3 DHMEQ 6 7 5 14
4 DHMEQ 7 14 5 14
5 Cisplatin/DHMEQ 7 4/14 8/5 Single/14
inhalation following European Commission observation that higher doses of DHMEQ can result in

recommendations [20].

RESULTS AND DISCUSSION

Throughout the experiment, no significant clinical
abnormalities were observed in animal behavior. One
animal in the 14 mg/kg DHMEQ group died after the
13th administration, which is consistent with the

toxicity, as reported in other studies. No other fatalities
occurred. The animals remained active with normal
appetite and water consumption. DHMEQ and cisplatin
administration did not significantly affect body weight
(Figure 1), which aligns with previous research
indicating that DHMEQ has a relatively mild impact on
systemic toxicity compared to other chemotherapeutic
agents.
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Figure 1: Effect of DHMEQ and Cisplatin on Animal Body Weight in the SKOV-3 Xenograft Model.
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Figure 2: Effect of DHMEQ and Cisplatin on Tumor Growth in the SKOV-3 Xenograft Model (*p<0.05 compared to Control

group).
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The effects of the investigated compounds on tumor
growth are illustrated in Figure 2. These findings are in
line with earlier studies that demonstrated the antitumor
efficacy of DHMEQ, particularly at higher doses, in
various cancer models.

In the control group, tumor size steadily increased.
Tumors in animals receiving daily DHMEQ at 7 mg/kg
or a single cisplatin dose at 4 mg/kg also grew over
time, showing no significant difference from the control
group. This lack of significant tumor inhibition at lower
doses of DHMEQ is consistent with previous studies
that suggest a dose-dependent response in the
antitumor activity of DHMEQ. Daily DHMEQ at 14
mg/kg, alone or after a single cisplatin dose,
significantly slowed tumor growth, which is supported
by earlier findings showing that higher doses of
DHMEQ have enhanced therapeutic effects. This effect

corroborating the sustained antitumor activity observed
in other studies with DHMEQ.

On days 14 and 18 (Figures 3-6), DHMEQ at 14
mg/kg, alone or after cisplatin, significantly reduced
tumor size and increased TGI. This is consistent with
literature indicating that combining DHMEQ with other
chemotherapeutic agents like cisplatin can potentiate
antitumor effects, as seen in other xenograft models.

Daily intraperitoneal DHMEQ at 14 mg/kg, following
a single cisplatin dose at 4 mg/kg, significantly reduced
tumor growth rates in the SKOV-3 xenograft model.
This result aligns with other studies that have shown
the enhanced efficacy of DHMEQ when used in
combination with cisplatin, suggesting a synergistic
effect that could be leveraged in future therapeutic
strategies. If no other studies related to this specific

persisted  four days posttreatment, further combination and dosage are available in the literature,
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Figure 3: Tumor Volume on Day 14 (*p<0.05 compared to Control group).
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Figure 4: Tumor Volume on Day 18 (*p<0.05 compared to Control group).
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Figure 5: Tumor Growth Inhibition (TGI) on Day 14 (*p<0.05 compared to Control group).
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Figure 6: Tumor Growth Inhibition (TGI) on Day 18 (*p<0.05 compared to Control group).

this finding would represent a novel contribution to the
field, and further investigation would be warranted to
confirm these results.

CONCLUSION

This study provides compelling evidence that daily
intraperitoneal administration of DHMEQ at a high dose
of 14 mg/kg, both as a monotherapy and in
combination with a single intraperitoneal dose of
cisplatin at 4 mg/kg, significantly inhibits tumor growth
in the SKOV-3 xenograft model of human ovarian
cancer. The findings reveal that the combination of
DHMEQ and cisplatin leads to a more pronounced
tumor growth inhibition (TGI) compared to DHMEQ
alone, particularly on days 14 and 18, suggesting a
synergistic interaction between these two agents. This
result aligns with previous studies that have
demonstrated the potentiation of anticancer effects
when combining DHMEQ with other chemotherapeutic
agents, such as doxorubicin and paclitaxel, which also
work by inducing apoptosis and inhibiting NF-kB
signaling pathways.

The significant reduction in tumor growth observed
with the high-dose combination treatment underscores
the potential therapeutic advantage of this regimen.
Cisplatin, a platinum-based chemotherapy drug, is
known for its ability to induce DNA cross-linking,
leading to apoptosis in rapidly dividing cancer cells.
However, the efficacy of cisplatin can be limited by the
activation of survival pathways, including those
mediated by NF-kB, which contributes to
chemoresistance. DHMEQ, an NF-kB inhibitor, can
sensitize cancer cells to cisplatin by blocking these
survival signals, thereby enhancing the overall
anticancer effect. This is particularly important in the
context of ovarian cancer, where resistance to
chemotherapy remains a significant clinical challenge.

In contrast, the study also highlights that a single
intraperitoneal administration of cisplatin at 4 mg/kg or
a lower dose of DHMEQ at 7 mg/kg, even when
combined with cisplatin, did not significantly inhibit
tumor growth. This observation is consistent with the
dose-dependent nature of many anticancer agents,
where lower doses may not achieve sufficient plasma
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concentrations to exert a robust therapeutic effect.
Furthermore, it suggests that the efficacy of DHMEQ as
an anticancer agent is highly dependent on achieving a
threshold dose, below which its ability to inhibit NF-kB
and induce apoptosis is markedly reduced.

The findings from this study suggest that a higher
dose of DHMEQ, particularly in combination with
cisplatin, offers a more effective strategy for inhibiting
tumor growth in ovarian cancer models. This has
potential implications for developing new therapeutic
protocols that could enhance the efficacy of existing
chemotherapies while minimizing the risk of resistance.
Future studies should explore the long-term effects of
such combination therapies, including their impact on
survival rates and potential side effects, to better
understand the clinical applicability of these findings.
Additionally, it would be valuable to investigate the
molecular mechanisms underlying the observed
synergistic effects, which could lead to the identification
of new therapeutic targets and strategies for
overcoming drug resistance in ovarian cancer.

In summary, the study underscores the importance
of dose optimization in cancer therapy and provides a
strong rationale for further investigation of DHMEQ,
particularly in combination with cisplatin, as a potential
treatment strategy for ovarian cancer. The promising
results from this preclinical model suggest that such
combinations could be translated into clinical practice,
potentially improving outcomes for patients with
resistant or recurrent ovarian cancer.

CONFLICT OF INTEREST

Authors declare no conflict of interest.

FUNDING

This work was funded by the subsidy allocated to
KFU for the state assignment FZSM-2023-0011 in the
sphere of scientific activities.

ACKNOWLEDGEMENTS

This paper has been supported by the Kazan
Federal University Strategic Academic Leadership
Program (PRIORITY-2030).

REFERENCES

[1] American Cancer Society. Global Cancer Facts & Figures.
Atlanta: American Cancer Society 2018.

[2] Ferlay J, Ervik M, Lam F, et al. Global Cancer Observatory:
Cancer today. Lyon: International Agency for Research on
Cancer 2020.

(3]

4

(5]

6l

[

8]

&l

[10]

(1]

2]

(3]

[14]

(18]

[16]

7]

(18]

Gaona-Luviano P, Medina-Gaona LA, Magafna-Pérez K.
Epidemiology of ovarian cancer. Chin Clin Oncol 2020; 9(4):
47.

https://doi.org/10.21037/cco-20-34

Bray F, Ferlay J, Soerjomataram |, et al. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA
Cancer J Clin 2018; 68(6): 394-424.
https://doi.org/10.3322/caac.21492

Zhou Z, Wang X, Ren X, et al. Disease burden and
attributable risk factors of ovarian cancer from 1990 to 2017:
findings from the global burden of disease study 2017. Front
Public Health 2021; 9: 619581.
https://doi.org/10.3389/fpubh.2021.619581

Kaprin AD, Starinsky VV, Shakhzadova AO, Eds. Malignant
neoplasms in Russia in 2020 (incidence and mortality).
Moscow: Hertzen Research Institute of Oncology - branch of
FSBI "NMRC of Radiology" of the Ministry of Health of
Russia 2021.

Bonadio RC, Crespo JR, Estevez-Diz MDP. Ovarian cancer
risk assessment in the era of next-generation sequencing.
Ann Transl Med 2020; 8(24): 1704.
https://doi.org/10.21037/atm-20-1582

Harbin LM, Gallion HH, Allison DB, Kolesar JM. Next-
generation sequencing and molecular biomarkers in ovarian
cancer-an opportunity for targeted therapy. Diagnostics
(Basel) 2022; 12(4): 842.

https://doi.org/10.3390/diagnostics 12040842

US Preventive Services Task Force; Grossman DC, Curry
SJ, et al. Screening for ovarian cancer: US Preventive
Services Task Force Recommendation Statement. JAMA.
2018; 319(6): 588-94.
https://doi.org/10.1001/jama.2017.21926

Armstrong DK, Alvarez RD, Backes FJ, et al. NCCN
Guidelines® Insights: Ovarian Cancer Version 3.2022. J Natl
Compr Canc Netw 2022; 20(9): 972-80.
https://doi.org/10.6004/jnccn.2022.0047

Micha JP, Goldstein B, Markman M. Optimism and the
continued promise of maintenance chemotherapy. Cancer
Chemother Pharmacol 2017; 80(4): 879-80.
https://doi.org/10.1007/s00280-017-3428-0

Armstrong DK, Alvarez RD, Bakkum-Gamez JN, et al.
Ovarian Cancer Version 2.2020 NCCN Clinical Practice
Guidelines in Oncology. J Natl Compr Canc Netw 2021;
19(2): 191-226.

https://doi.org/10.6004/jnccn.2021.0007

Nash Z, Menon U. Ovarian cancer screening: current status
and future directions. Best Pract Res Clin Obstet Gynaecol
2020; 65: 32-45.
https://doi.org/10.1016/j.bpobgyn.2020.02.010

Bespalov VG, Belyaeva OA, Kireeva GS, et al
Intraperitoneal chemoperfusion treatment of disseminated
ovarian cancer with dioxadet compared to cisplatin in
experiment. Siberian Oncological Journal 2014; 2(62): 14-18.

Umezawa K, et al. Inhibition of NF-kB activation by
dehydroxymethylepoxyquinomicin ~ (DHMEQ) and its
therapeutic potential. Bioorganic & Medicinal Chemistry
Letters 2005.

Sugita M, et al. Acute and chronic toxicity study of DHMEQ, a
novel NF-kB inhibitor, in mice. Toxicology and Applied
Pharmacology 2009.

Yamamoto M, et al. Pharmacokinetics and toxicity of
DHMEQ in mice: a potential therapeutic agent for cancer
treatment. Cancer Chemotherapy and Pharmacology 2007;
Torre LA, Trabert B, DeSantis CE, et al. Ovarian cancer
statistics, 2018. CA Cancer J Clin 2018; 68(4): 284-96.
https://doi.org/10.3322/caac.21456

Marano L, et al. Cytoreductive surgery and hyperthermic
intraperitoneal chemotherapy for gastric cancer with
synchronous peritoneal metastases: multicenter study of




18 Journal of Cancer Research Updates, 2024, Vol. 13 Kzyrgalin et al.

‘ltalian Peritoneal Surface Malignancies Oncoteam—S.1.C.O. [20] Recommendations for euthanasia of experimental animals:
Annals of Surgical Oncology, 2021. Part 1, Part 2. Laboratory Animals 1996; 30: 293-316; 1997,
https://doi.org/10.1245/s10434-021-10157-0 31:1-32.

https://doi.org/10.1258/002367797780600297

[19] Kusamura S, et al. The role of hyperthermic intraperitoneal
chemotherapy in pseudomyxoma peritonei after
cytoreductive surgery. JAMA Surgery 2021.

Received on 24-06-2024 Accepted on 15-07-2024 Published on 02-09-2024

https://doi.org/10.30683/1929-2279.2024.13.03

© 2024 Kzyrgalin et al.; Licensee Neoplasia Research.

This is an open-access article licensed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the work is properly cited.




