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This review discusses the potential of poly (ADP-ribose) polymerase-1 (PARP1)
inhibition for enhancing temozolomide (TMZ) efficacy against glioblastoma multiforme
(GBM) cells. Through the analysis of PARPI repair in multiple DNA damage-response
processes, including single-strand break repair (SSBR), replication stress, and mismatch
repair (MMR), as well as the repair of TMZ-mediated damage, it can be concluded that
PARP1 inhibition has a biological rationale for enhancing the effect of TMZ on GBM cells.
Preclinical studies of the PARPI inhibitors olaparib and talazoparib have shown that a
PARP1 inhibitor plus TMZ combination can enhance TMZ-induced cytotoxicity and inhibit
the survival of GBM cells. However, the clinical application of this strategy remains limited
by insufficient clinical evidence and pharmacological barriers, such as hematological
toxicity and restricted penetration of some PARP inhibitors across the blood-brain barrier
(BBB). Therefore, future research directions should focus on improving sustained central
nervous system exposure, optimizing combination regimens, and selecting sufficient
samples. In these ways, the effectiveness of TMZ in treating GBM cells may be enhanced in
clinical settings.

PARP1 repair, TMZ-mediated damage, PARP1 inhibition

Glioblastoma multiforme (GBM) is the most aggressive diffuse glioma of astrocytic lineage and
corresponds to grade 4 based on the World Health Organization (WHO) classification. It is one of
the most common brain tumors in adults, with a median diagnosis age of around 64, and is more
prevalent in males. Because of its rapid growth rate, high molecular heterogeneity, and invasiveness,
GBM has a median survival time of only 3 to 4 months despite standard treatments. Conventional
methods for overcoming temozolomide (TMZ) resistance in GBM treatment rely solely on
increasing the dose of TMZ, removing the tumor, or combining TMZ with other chemotherapies,
approaches that may increase toxicity and disrupt nearby brain tissue. For example, tumor resection
can reduce tumor burden but rarely eliminates all tumor cells because GBM cells can invade the
surrounding tissues and acquire their nutrients and resources for their own proliferation. Similarly,
intensified radiotherapy can damage nearby non-target brain tissue, so the efficacy of radiotherapy is
limited by the tolerance of the surrounding brain tissue, resulting in a median survival time of 12.1
months with radiotherapy alone. Although combining TMZ with radiotherapy can increase the
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median survival time to 14.6 months [1], effective tumor suppression should focus on the tumor's
specific DNA proliferation mechanism [2].

O°-methylguanine-DNA methyltransferase (MGMT) expression is silenced by promoter
methylation in approximately half of GBM tumors, and clinical studies have shown that elevated
MGMT protein levels or the absence of MGMT promoter methylation is associated with TMZ
resistance [2]. Specifically, MGMT directly removes the TMZ-induced O¢-methylguanine damage,
an action that reduces DNA damage induced by TMZ and contributes to resistance [2].

Although conventional approaches can only partially inhibit DNA repair, poly (ADP-ribose)
polymerase-1 (PARP1) inhibition, a recent strategy, has shown a high potential to disrupt DNA
repair and enhance TMZ efficacy. PARP1 is a member of the PARP family that regulates cell
division, acts as a sensor for DNA damage, and is activated upon detection of DNA breaks. In the
context of TMZ treatment, however, PARP1 may repair TMZ-induced DNA lesions, which reduces
the effectiveness of TMZ. Therefore, inhibiting PARP1 in tumor cells may improve TMZ efticacy
by impairing the repair of these DNA lesions. Talazoparib is another representative PARP1 inhibitor
that acts as a "PARP trap" by inhibiting the catalytic function of PARP and promoting the
accumulation of PARP1 at DNA damage sites [2].

Based on the above experimental evidence, this review will examine the feasibility and clinical
utility of different PARP1 inhibitors in enhancing the effectiveness of TMZ in GBM.

In 1963, DNA-dependent synthesis of a polyadenylic acid-like compound was first observed. Later
studies identified this compound as poly(ADP-ribose) (PAR) and linked PARP1 to the enzyme that
produces PAR. Poly(ADP-ribose) polymerase-1 (PARP1) is an enzyme in cells that regulates DNA
damage signaling. When DNA damage occurs, PARP1 binds to DNA breaks through its DNA-
binding domains and becomes activated. Activated PARP1 catalyzes the synthesis of PAR chains
using nicotinamide adenine dinucleotide (NAD+) as a substrate [3]. In one of the DNA repair
processes, PARP1 binds to single-strand breaks (SSBs) and then recruits proteins that promote
single-strand break repair (SSBR). The breaks can be directly caused by damage to the sugar-
phosphate backbone or can occur indirectly as a result of DNA repair processes [3].

X-ray repair cross-complementing protein 1 (XRCC1) is a scaffold that recruits and organizes
several proteins in SSBR. Recruitment of XRCC1 to DNA damage sites requires the PAR chains
generated by PARP1. When the BRCA1 C-terminal (BRCT) domains of XRCCI recognize the PAR
produced by PARP1 and PARP2, XRCCI1 is first recruited to the DNA damage site and then retained
there during DNA repair [3]. Once recruited, XRCC1 begins to organize and coordinate downstream
repair proteins, such as DNA polymerase 3, DNA ligase 111, and other components of SSBR [3, 4].
PARP1-dependent repair mechanisms are required for the repair of damage caused by temozolomide
(TMZ) because the efficacy of TMZ depends on how multiple DNA alkylation lesions are processed
through DNA excision repair pathways. TMZ alkylation causes damage to tumor DNA, and then
PARP1 is activated to recruit DNA repair factors to repair those damaged sites. Thus, the effect of
TMZ is greatly reduced [3, 4]. In addition, PARP1 activity is not restricted to the repair of DNA
damage such as SSBs and double-strand breaks (DSBs). In the normal S phase, PARP is bound to
unligated Okazaki fragments that form abnormal DNA structures, and these structures can thus
activate PARP1 activity. Accumulation of unligated Okazaki fragments may result in replication-
associated stress and cause damage to the genome. Based on the above results, PARP1 is required
for the maintenance of genomic integrity during normal DNA replication [4-6].
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PARPI recruits repair factors such as XRCCI1 through PAR synthesis, which participates in
single-strand break repair and base excision repair. The phenomenon identifies PARPI as a key
mechanistic node which restricts the therapeutic effect of TMZ.

3. Sensitizing effect of PARP inhibitors on temozolomide-sensitive cells
3.1. MGMT-mediated repair and its role in TMZ resistance

MGMT-mediated repair plays an important role in TMZ resistance. MGMT (O°-methylguanine-
DNA methyltransferase) is a protein that can repair TMZ-induced O°-methylguanine (O°®-MetG)
DNA lesions by transferring O°-MetG from DNA to its own active site [5, 6].

In GBM tumors with an unmethylated MGMT promoter, which occur in approximately 60
percent of patients, MGMT rapidly removes TMZ-induced O®-MetG adducts, and the tumors thus
develop resistance to TMZ. However, methylation of normally unmethylated sites in the cytosine-
phosphate-guanine (CpG) islands in the DNA-repair gene region leads to a loss of expression of
such genes in cancer cell lines and primary tumors. When demethylating drugs were used in an in
vitro experiment, expression of MGMT was restored, a result that indicated that methylating drugs
inhibit MGMT expression [5, 6].

In a clinical study that used carmustine as standard treatment, 12 of the 19 patients with
methylated tumors (63 percent) had a partial or complete response to carmustine, whereas such a
response was observed in only 1 of the 28 patients with unmethylated tumors (4 percent, P<0.001).
As carmustine and TMZ are both alkylating agents, MGMT promoter methylation may in turn
enhance the efficacy of TMZ in DNA alkylation, a finding that demonstrates the therapeutic
potential of MGMT inhibition in TMZ treatment [5, 6].

Moreover, MGMT-mediated repair is not the only canonical mechanism for repairing DNA
lesions induced by alkylating agents. PARP1, through PARylation, can directly interact with MGMT
in a non-catalytic manner. That is, MGMT is modified by PARP1-mediated PARylation after DNA
damage, and O°-methylguanine repair is enhanced upon MGMT PARylation. Specifically,
PARylation enhances the ability of MGMT to recruit new DNA repair proteins and activates MGMT
function, which increases the efficiency of MGMT in DNA lesion repair [7].

Furthermore, long-term TMZ exposure during clinical treatment induces PARylation of MGMT
and increases the binding of PARP1 and MGMT to chromatin in cells, which in turn undermines the
efficacy of TMZ in glioma treatment [7].

3.2. PARP1-mediated replication fork protection

PARP1-mediated replication fork protection is another mechanism relevant to TMZ resistance. In
GBM cells, PARP1 has been shown to protect and restart stalled replication forks under replication
stress, a finding that suggests PARP1-mediated replication-fork protection may contribute to the
ability of tumor cells to tolerate replication-associated DNA damage [4, 8].

As mentioned above, when an SSB occurs in DNA, the DNA-binding domain of PARP1 binds to
the damaged DNA, and this binding activates PARP1, which then produces PAR using NAD" as a
substrate and recruits DNA repair proteins [5-7].

In the context of TMZ treatment, when SSBs and other DNA discontinuities arise during DNA
replication, their repair becomes more closely linked to replication-associated processes. That is,
DNA repair focuses not only on repairing DNA lesions but also on maintaining normal replication
fork progression. Replication stress describes the impaired progression of a normal replication fork
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that occurs when replication machinery detects DNA damage and DNA abnormalities. Replication
stress can be alleviated through multiple pathways, including direct DNA repair, lesion bypass,
repriming, and fork remodeling. In direct DNA repair, PARP1-mediated DNA damage signaling is
particularly important for maintaining genome stability when DNA discontinuities arise during
replication. PARP1 serves not only as a sensor of SSBs but also as an "employer" that recruits new
repair genes and proteins as its "new employees" to repair the DNA lesion. Besides direct DNA
repair, other pathways include translesion synthesis (TLS), DNA polymerase theta-primase
(PRIMPOL)-mediated repriming, and replication fork reversal. Specifically, TLS bypasses the DNA
lesion to continue DNA replication, and PRIMPOL-mediated repriming restarts DNA replication
after the DNA lesion. In addition, fork reversal temporarily remodels the stalled fork to provide
opportunities to repair DNA lesions in the future [4, 8].

The role of the PARP1 pathway in replication stress is also strongly associated with Okazaki
fragments. Okazaki fragments are DNA fragments in the lagging strand of DNA replication. If
multiple Okazaki fragments are not correctly positioned or properly removed, DNA gaps and nicks
may result. Such gaps and nicks damage DNA during replication and, in some cases, worsen the
situation under replication stress. The abnormal DNA structure can activate PARP1 and trigger DNA
repair signaling, so PARP1 is employed to help cells address replication-associated DNA damage
via the SSBR pathway [4, 8].

The recruited XRCC1 in this repair mechanism can help coordinate repair factors such as PARP1,
DNA polymerase 3, and DNA ligase III at the damaged site, thereby accelerating the completion of
base excision repair (BER) and SSBR. Under the influence of TMZ, the BER pathway is engaged to
repair the N3-methyladenine (N3-meA) and N7-methylguanine (N7-meG) damage it causes, and
this repair process extends the life of cancer cells. Therefore, XRCCI repair may reduce TMZ-
induced cytotoxicity and thus inhibit the effectiveness of TMZ [4, 8].

Other repair factors also respond to replication-associated gaps. For example,
apurinic/apyrimidinic endonuclease 2 (APEX2) participates in BER and contains a proliferating cell
nuclear antigen (PCNA)-interacting motif. Together with other repair factors such as flap
endonuclease 1 (FEN1), APEX2 may contribute to the processing of replication-associated DNA
gaps, which demonstrates the cooperation between different DNA repair pathways. Once the DNA
gaps are successfully repaired, however, repair factors will turn to repairing the TMZ-induced
lesion. As a result, the participation of other repair factors in replication gap repair may indirectly
and potentially lead to a reduction in TMZ cytotoxicity [4, 8].

PARP1 participation in DNA repair in GBM cells is not limited to the direct repair of single-
strand breaks. Instead, PARP1 can respond to replication-associated DNA discontinuities and
contribute to the direct repair or restart of stalled replication forks under replication stress. With the
help of XRCCI1 and other repair factors, DNA damage could be rapidly repaired. However, these
repair mechanisms may help to repair the DNA damage caused by TMZ and thus enable GBM cells
to continue proliferating in the presence of toxicity. Consequently, PARP1-mediated replication
stress responses may promote TMZ resistance, and PARP1 inhibition can enhance the effect of TMZ
by increasing TMZ-induced DNA damage [4, 8].

When TMZ disrupts DNA by forming O6-methylguanine, this OS-methylguanine (O6meG):T
mismatch will recruit the mismatch repair (MMR) pathway into action. The MMR pathway involves
two main heterodimers, MutSa and MutLa [9]. The MutSa heterodimer, which comprises proteins
MutS homolog 2 (MSH2) and MutS homolog 6 (MSH®6), helps to recognize the O6meG:T mispair.
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The MutLa heterodimer, which comprises proteins MutL homolog 1 (MLH1) and postmeiotic
segregation increased 2 (PMS2), acts as an endonuclease to nick the DNA once the mispair is
recognized. The MutLa heterodimer likely recruits exonuclease I (EXO1) to remove the thymine
lesion and to create space for a new nucleotide to be inserted. However, DNA polymerase will likely
fill the nicked space with thymine before MutLa acts because the polymerase may mistakenly
regard the missing thymine as an essential part of DNA [9, 10].

As a result, after the MMR machinery repeatedly removes the newly incorporated thymine, DNA
polymerase is unable to add thymine continuously, which leads to a futile cycle of mismatch
recognition and thymine removal [11]. Therefore, this futile cycle will not repair the lesion and is
expected to increase the cytotoxicity of TMZ in cells lacking effective MGMT-mediated repair [10].
Liu et al. observed that the mismatch-dependent repair of 5'-directed excision was strongly
promoted by PARP1 and thus inferred that PARP1 helps MMR target mismatch DNA for excision
more efficiently and specifically [10]. Analysis of protein-protein interactions has identified other
proteins that are in close association with PARP1 such as MutSa, EXO1 and replication protein A
(RPA). Together, these data show that PARP1 is required for nicking mismatch DNA in MMR and
may be involved in repairing the futile cycle of MMR induced by TMZ [11]. Although studies on
how PARPI undermines TMZ efficacy in MMR are scarce, further insights into the functional
relationship between PARP1 and MMR come from a study of 5-fluorouracil (5-FU) treatment in
colorectal cancer stem cells. In 5-FU treatment, PARylated PARP1 interacts with MSH6 and
promotes MMR activity. In contrast, treatment with ABT-888, which inhibits PARP1, disrupted the
interaction between PARP1 and MSH6 and thereby prevented PARylation and suppressed MMR
activity. These effects in turn led to DNA mismatch and to cell death. Although these findings were
obtained in 5-FU-treated colorectal cancer stem cells rather than in TMZ-treated glioblastoma, they
provide additional evidence that PARP1 can regulate MMR through interactions with MMR proteins
such as MSH6 in another type of cancer [11].

Even though PARP1 may promote mismatch repair through PARylation and interactions with
MMR-related proteins to repair the damaged sites, the repeated excision and resynthesis are still
blocked by the misrecognition caused by O6-meG thymine, which results in a futile repair cycle and
persistent DNA damage. Studies of 5-FU provide supporting evidence for the role of PARPI in
regulating MMR, but the specific function of PARP1 in GBM and TMZ treatment still needs further
evidence. Therefore, PARP1-mediated regulation of MMR may represent an important mechanism
limiting the efficacy of TMZ and provide theoretical evidence for combining PARP1 inhibitors with
TMZ to enhance tumor sensitivity [9-11].

Previous studies analyzing the mechanism of PARP1 suggest that PARP1 inhibition may enhance
the efficacy of TMZ against GBM cells by suppressing DNA damage repair. However, whether this
strategy can be directly applied in the clinic depends on several factors, namely whether the drug
can achieve effective exposure within tumor tissue and whether the combination regimen is
tolerable. Patient selection is another important factor. Clinical studies have begun to evaluate the
dosage safety, tolerability, and preliminary efficacy of combining PARP inhibitors with TMZ, but
this strategy is not yet widely used. This final chapter will focus on relevant clinical studies and will
discuss the potential for clinical application of this therapeutic approach as well as its current
limitations.

A study in 2022 based on the OPARATIC trial investigated the three factors mentioned above
regarding olaparib combined with low-dose TMZ in patients with recurrent glioblastoma. Using a
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phase 3+3 dose-escalation design followed by a dose-expansion cohort, the study evaluated different
olaparib dosing schedules and directly measured olaparib concentrations in tumor tissue obtained
during neurosurgical resection. The results showed the median concentrations of 496 nM in tumor
cores and 512.3 nM at tumor margins, which confirmed that olaparib can penetrate the brain tumor.
Furthermore, since the results showed that the combination of Olaparib and TMZ could cause
excessive harm to the blood, intermittent dosing had to be used to prevent the treatment from
poisoning patients. Therefore, in the second phase, the recommended dose was olaparib 150 mg
three days per week combined with TMZ 75 mg/m? daily for 42 days. Out of 39 evaluable patients,
14 patients (36%) were progression-free at 6 months. Overall, the OPARATIC trial showed that
olaparib can reach recurrent glioblastoma at a suitable concentration when given intermittently with
TMZ, but the issue of blood disorders still needs to be addressed [12].

Talazoparib (TAL) was also used as a PARP1 inhibitor in a TMZ treatment study. The results of
the study showed that a combination of TMZ and TAL could significantly induce double-strand
breaks in vitro in glioma cells with either high or low MGMT. Likewise, in a mouse study, the
median survival of mice that received TAL with TMZ was extended from 50 days to 76 days,
indicating that PARP1 inhibition is a promising target in TMZ treatment against glioma [13].

However, the effect of TAL in GBM is limited by its poor penetration of the blood-brain barrier
(BBB). Kizilbash et al. found that the brain-to-plasma ratio of TAL was only 0.02 after
administration [13]. Knockout of multidrug resistance protein 1 (MDRI1) increased this ratio
approximately tenfold to 0.23, suggesting that efflux mediated by MDRI1 is a major barrier to TAL
accumulation in the brain. Therefore, although PARP1 inhibition shows good preclinical efficacy,
limited BBB penetration may hinder the transport of TAL to GBM cells [13].

In 2026, a study on the safety of PARP1 inhibitors included a total of 12 trials and 795 patients.
The pooled disease control rate (DCR) of all the included studies was 27%. However, the twelve
studies had different factors and norms, different groups of people in them, and they were very
diverse with a large prediction interval (0.4-97.1%). Therefore, this pooled estimate should be taken
with caution and is not a reliable indicator of the clinical benefit in all patients. The pooled rate of
grade 3 or higher adverse events was 13%, and this rate was relatively low. However, the wide
prediction interval (2.2-51.2%) and significant heterogeneity show that this estimate is quite
uncertain. Survival results of the various subgroups were also shown. Although factors such as
isocitrate dehydrogenase (IDH) status, MGMT promoter methylation, disease setting, and
concomitant therapy may influence treatment outcomes, these findings still need further exploration
(Table 1). The reasons include the limited number of studies, differences in clinical settings, and
substantial between-study heterogeneity [14].

Overall, available evidence suggests that PARP inhibitors have investigational activity and an
overall acceptable safety profile in selected glioma populations, yet the variation across different
studies should also be considered. These analyses should be regarded as theoretical rather than
definitive clinical evidence. In conclusion, Rashidi et al. suggest that larger randomized, biomarker-
stratified trials with harmonized outcome definitions are required before PARP inhibitors can be
assigned a clear therapeutic role in high-grade glioma (HGG) [14].

185



Proceedings of the 6th International Conference on Biological Engineering and Medical Science
DOI: 10.54254/2753-8818/2026.38202

Table 1. Comparison of PARP1 inhibitors

Brain tissue /

. PARP ! plasma issue BBB. Clinical Evidence Key limitation
inhibitors catio penetration
Olaparib <0.1 repGorBtijll n OPARATIC study hematologic toxicity
. Limited by  In vivo study, frank Poor central nervous
Talazoparib 0.1-0.2 efflux study of mice system (CNS) exposure
Veliparib 0.47 Ili:i?)?:ljllg Clinical trials Limited clinical efficacy

Glioblastoma is highly invasive and heterogeneous. Traditional surgery, increasing the dose of
temozolomide, or combined chemotherapy are difficult to achieve a radical cure and may easily
exacerbate toxicity. This paper focuses on the DNA damage repair mediated by PARP1, revealing
that it repairs the damage caused by temozolomide through pathways such as single-strand break
repair, replication stress response, and mismatch repair. It also interacts with MGMT to enhance the
repair ability and protect replication forks, thereby weakening the efficacy. Based on this, the
biological rationality of inhibiting PARP1 to sensitize temozolomide is demonstrated.

Pre-clinical studies have shown that inhibitors such as olaparib and talazoparib can enhance the
cytotoxicity of temozolomide. Clinical studies have confirmed that olaparib can penetrate tumor
tissues but is limited by hematological toxicity. Talazoparib is restricted by the blood-brain barrier
and MDRI1 efflux. Existing evidence suggests that they have research activity and acceptable safety,
but the high heterogeneity is insufficient to establish a clear therapeutic position.

Looking forward, this field will evolve towards enhancing central nervous system exposure,
optimizing combination regimens, and precise stratification. In drug design, efforts will be made to
develop more brain-penetrating PARP1-selective inhibitors or trappers. Delivery efficiency will be
improved by using nanocarriers, receptor-mediated transport, and temporarily opening the blood-
brain barrier. Meanwhile, drug-resistance mechanisms such as MDR1 efflux will be intervened. In
terms of treatment strategies, intermittent administration, dose optimization, and combination with
radiotherapy, immunotherapy, and DNA repair inhibitors will be the focus, aiming to improve
efficacy while controlling bone marrow suppression and long-term toxicity. In patient selection,
stratification will be based on MGMT methylation, IDH status, mismatch repair function, and
replication stress markers. Survival benefits will be verified with unified endpoints and randomized
controlled trials, promoting the shift of PARP1 inhibition from broad-spectrum sensitization to
individualized combination therapy.

[1] Thakkar, J. P., Dolecek, T. A., Horbinski, C., Ostrom, Q. T., Lightner, D. D., Barnholtz-Sloan, J. S., & Villano, J. L.
(2014). Epidemiologic and molecular prognostic review of glioblastoma. Cancer Epidemiology, Biomarkers &
Prevention, 23(10), 1985-1996. https://doi.org/10.1158/1055-9965.EPI-14-0275

[2] Dima, G., Di Nunno, V., Aprile, M., Gatto, L., Tosoni, A., Argento, C. M., Margotti, M., Bartolini, S., &
Franceschi, E. (2026). Glioblastoma and PARP inhibitors: The importance of patient selection to maximize

186



Proceedings of the 6th International Conference on Biological Engineering and Medical Science
DOI: 10.54254/2753-8818/2026.38202

therapeutic benefits. A critical review. Frontiers in Oncology, 16, 1713069.
https://doi.org/10.3389/fonc.2026.1713069

[3] Polo, L. M., Xu, Y., Hornyak, P., Garces, F., Zeng, Z., Hailstone, R., Matthews, S. J., Caldecott, K. W., Oliver, A.
W., & Pearl, L. H. (2019). Efficient single-strand break repair requires binding to both poly(ADP-ribose) and DNA
by the central BRCT domain of XRCC1. Cell Reports, 26(3), 573-581.e5.
https://doi.org/10.1016/j.celrep.2018.12.082

[4] Hanzlikova, H., Kalasova, 1., Demin, A. A., Pennicott, L. E., Cihlarova, Z., & Caldecott, K. W. (2018). The
importance of poly(ADP-ribose) polymerase as a sensor of unligated Okazaki fragments during DNA replication.
Molecular Cell, 71(2), 319-331.¢3. https://doi.org/10.1016/j.molcel.2018.06.004

[5] Esteller, M., Garcia-Foncillas, J., Andion, E., Goodman, S. N., Hidalgo, O. F., Vanaclocha, V., Baylin, S. B., &
Herman, J. G. (2000). Inactivation of the DNA-repair gene MGMT and the clinical response of gliomas to
alkylating agents. The New England Journal of Medicine, 343(19), 1350—1354.
https://doi.org/10.1056/NEJM200011093431901

[6] Shaw, R., Basu, M., Karmakar, S., & Ghosh, M. K. (2024). MGMT in TMZ-based glioma therapy: Multifaceted
insights and clinical trial perspectives. Biochimica et Biophysica Acta. Molecular Cell Research, 1871(3), 119673.
https://doi.org/10.1016/j.bbamcr.2024.119673

[7] Cropper, J. D., Alimbetov, D. S., & Brown, K. T. G. (2022). PARP1-MGMT complex underpins pathway crosstalk
in O6-methylguanine repair. Journal of Hematology & Oncology, 15, 146. https://doi.org/10.1186/s13045-022-
01367-4

[8] Lovsund, T., Mashayekhi, F., Fitieh, A., Stafford, J., & Ismail, I. H. (2023). Unravelling the role of PARP1 in
homeostasis and tumorigenesis: Implications for anti-cancer therapies and overcoming resistance. Cells, 12(14),
1904. https://doi.org/10.3390/cells12141904

[9] Ganesa, S., Sule, A., Sundaram, R. K., & Bindra, R. S. (2022). Mismatch repair proteins play a role in ATR
activation upon temozolomide treatment in MGMT-methylated glioblastoma. Scientific Reports, 12(1), 5827.
https://doi.org/10.1038/s41598-022-09614-x

[10] Liu, Y., Kadyrov, F. A., & Modrich, P. (2011). PARP-1 enhances the mismatch-dependence of 5'-directed excision
in human mismatch repair in vitro. DNA Repair, 10(11), 1145—1153. https://doi.org/10.1016/j.dnarep.2011.08.012

[11] Paul, S., Chatterjee, S., Sinha, S., Dash, S. R., Pradhan, R., Das, B., Goutam, K., & Kundu, C. N. (2023). Veliparib
(ABT-888), a PARP inhibitor potentiates the cytotoxic activity of 5-fluorouracil by inhibiting MMR pathway
through deregulation of MSH6 in colorectal cancer stem cells. Expert Opinion on Therapeutic Targets, 27(10),
999-1015. https://doi.org/10.1080/14728222.2023.2266572

[12] Hanna, C., Kurian, K. M., Williams, K., Watts, C., Jackson, A., Carruthers, R., Strathdee, K., Cruickshank, G.,
Dunn, L., Erridge, S., Godfrey, L., Jefferies, S., McBain, C., Sleigh, R., McCormick, A., Pittman, M., Halford, S.,
& Chalmers, A. J. (2020). Pharmacokinetics, safety, and tolerability of olaparib and temozolomide for recurrent
glioblastoma: Results of the phase [ OPARATIC trial. Neuro-Oncology, 22(12), 1840—1850.
https://doi.org/10.1093/neuonc/noaal 04

[13] Kizilbash, S. H., Gupta, S. K., Chang, K., Kawashima, R., Parrish, K. E., Carlson, B. L., Bakken, K. K., Mladek, A.
C., Schroeder, M. A., Decker, P. A., Kitange, G. J., Shen, Y., Feng, Y., Protter, A. A., Elmquist, W. F., & Sarkaria, J.
N. (2017). Restricted delivery of talazoparib across the blood—brain barrier limits the sensitizing effects of PARP
inhibition on temozolomide therapy in glioblastoma. Molecular Cancer Therapeutics, 16(12), 2735-2746.
https://doi.org/10.1158/1535-7163.MCT-17-0365

[14] Rashidi, F., Sabahi, M., Allahdadi, A., Delbari, P., Habibi, M. A., Tavani, S. F., Zare, A., Sattari, S. A., Alamari, S.,
Mofatteh, M., Mashayekhi, M. S., Shahjouei, S., Ranjan, S., Adada, B., Chamaun, R. B., & Borghei-Razavi, H.
(2026). The efficacy and safety of poly ADP-ribose polymerase (PARP) inhibitors in patients with high-grade
glioma (HGG): A systematic review and meta-analysis. Journal of Neuroimmunology, 419, 579021.
https://doi.org/10.1016/j.jneuroim.2026.579021

187



