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Abstract
Background and Objective: Paraoxonase-1 Enzyme (PON1) is a high-density lipoprotein-associated cardioprotective enzyme that
prevents the formation of oxidized low-density lipoprotein. This study focused on the investigation of the in vitro  inhibition effects of
trastuzumab and nivolumab, which are used in the treatment of cancer, on paraoxonase-1 enzyme activity. Materials and Methods: In
this study, blood samples belonging to individuals aged 7-12 years were first taken and kept for the completion of coagulation. The serum
was carefully separated by centrifugation. It was then used to investigate the inhibition effects of trastuzumab and nivolumab on the
separated serum paraoxonase 1. In addition, the type of inhibition between enzymes and drugs was found by using Lineweaver-Burk
curves. Results: Trastuzumab  and  nivolumab inhibited the human serum PON1 in vitro  and their IC50 and Ki values were 0.0071 and
0.0062 µM, 0.0043  and 0.0053, respectively. Trastuzumab showed competitive inhibition. Nivolumab showed non-competitive inhibition.
Conclusion: This study showed that trastuzumab and nivolumab inhibit PON1 enzymatic activity. These findings suggested that a
decrease in the level of PON1 enzymatic activity may contribute to the increased risk of cardiovascular toxicity.
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INTRODUCTION

Cancer is a disease that kills millions of people every year
around the world. Cancer treatment is one of the most
challenging processes in medicine1. To date, a large number
of drugs have been developed to treat cancer. Every year,
scientists try to develop newer drugs with fewer side effects
and higher efficacy2. However, chemotherapy drugs have a
wide variety of side effects in the treatment of cancer. One of
the most important side effects of cancer chemotherapy is
cardiovascular toxicity3-5. Advances in cancer knowledge and
treatment have led to a new field called cardiovascular
oncology6,7. Trastuzumab (Herceptin, Genentech Inc., South
San Francisco, CA, USA) is a monoclonal antibody that targets
the human epidermal growth factor receptor 2 (HER2)8.
Trastuzumab is considered a cornerstone in breast cancer
treatment. It has been used for over 10 years to treat breast
cancer9,10. Breast cancer is the second most common cancer
worldwide and the most common cancer among women.
Breast cancer patients overexpress HER211. This type of cancer
has been associated with accelerated tumour growth, early
metastasis and therefore a poor prognosis. Trastuzumab
significantly improved the survival of patients with breast
cancer12,13. Nivolumab (ONO-4538, BMS-936558) is a human
monoclonal immune checkpoint inhibitor (ICI) antibody that
targets programmed cell death-1(PD 1). It binds specifically to
(PD 1) in tumour tissue and inhibits the interaction between
PD-1 and programmed cell death ligand 1 (PD-L1)14.
Oncological studies with nivolumab have shown significant
activity in metastatic melanoma, despite its cardiovascular
toxic effects. Nivolumab has also proven efficacy in the
treatment of many other types of cancer, such as bladder and
breast cancer15. However, a very important issue regarding
these oncological drugs is their cardiovascular toxicity side
effects. Understanding the cardiovascular effects of treatment
in breast cancer is becoming increasingly important. Because
cardiovascular toxicity is the most common cause of death in
these breast cancer patients, especially in elderly women16-19.

Paraoxonase 1 (PON1) is a member of the gene family,
which is encoded in three different places, including PON2
and PON320. The location of the PON1 gene is between q22.1
and q21.3 on the long arm of human chromosome 7.
According to the structural study using X-ray crystallography,
PON1 has a six-bladed propeller structure and its central
tunnel can accommodate two calcium ions21. PON1 (EC
3.1.8.1) is a blood-borne lactonase with a molecular weight of
43-45 kDa. It is synthesized in the liver and transported on
High-Density Lipoprotein (HDL) particles after being secreted
into   the   blood.   Paraoxonase-1   (PON1)   is  a  High-Density

Lipoprotein (HDL)-related antioxidant enzyme that helps
prevent the formation of oxidized Low-Density Lipoprotein
(LDL) and reduces the development of atherosclerotic plaque.
Atherosclerotic plaque formation may be directly proportional
to cardiovascular toxicity22. The association of PON1 with
cardiovascular toxicity was investigated in cancer patients
treated with oncological drugs. PON1 activity was found to be
lower in these patients. Numerous studies speculate that the
reduction in PON1 enzymatic activity in patients with cancer
is associated with cardiovascular toxicity induced by
oncological drugs. Therefore, these results may cause
cardiovascular toxicity by inhibiting the PON1 of these drugs
used in cancer treatment. As a result, decreased PON1 activity
may increase cardiovascular toxicity and plaque formation23,24.

Drugs can show many toxicological effects on the
organism by reducing enzyme activities. Therefore, the toxicity
of drugs used for patients is of vital importance. In recent
years, the effects of various drugs on paraoxonase activity
have been investigated. Calcium channel blockers, anticancer
agents and antiepileptic drugs play a role in PON1
inactivation25-27. There is increasing interest in documenting
the  link  between  PON1  and cardiovascular toxicity. Drugs
that reduce PON1 activity may contribute to increased
cardiovascular toxicity.

There were not many studies on the interactions between
oncological drugs and PON1 activity. Hence, this study was
conducted to investigate the in vitro  inhibitory effects of
some oncological drugs (trastuzumab and nivolumab), which
were widely used in oncology, on this enzyme.

MATERIALS AND METHODS

Study area: The study was carried out in Department of
Biochemistry, Research Lab, Turkey from March to September,
2022.

Chemicals: Paraoxon was obtained from Sigma-Aldrich
(Germany). All other chemicals used were of analytical grade
and purchased from either Sigma-Aldrich or Merck.
Trastuzumab and nivolumab were obtained from the
Department of Oncology, Faculty of Medicine, Bursa Uluda—
University, Turkey.

Paraoxonase activity measurement: The PON1 activity was
measured spectrophotometrically. Paraoxonase enzyme
activity analysis was based on the prediction of p-nitrophenol
at 412 nm. Paraoxon (diethyl p-nitrophenyl phosphate) was
used as the substrate. PON1 activity was determined at 25EC
in 100 mM tris buffer pH 10.5. The molar extinction  coefficient
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of p nitrophenol is 18.290 MG1 cmG1. P-nitrophenol was
monitored for 2 min at 25EC. The reaction was carried out in
an automatic registration spectrophotometer (Biotek,
Winooski, VT).

Determination of IC50 and Ki constants for anticancer drug:
For trastuzumab and paclitaxel inhibition studies, different
concentrations of trastuzumab and nivolumab were added to
the reaction medium. Oncological drugs and PON1 activities
were tested by following paraoxon hydration. The PON1
enzyme activity was accepted as 100% activity without
oncological drugs. Inhibitor concentrations (IC50 values)
resulting in 50% inhibition for trastuzumab and nivolumab
were calculated from the graphs. In addition, Ki values of
oncological drugs were measured at pH 10.5 and 25EC using
five different paraoxon concentrations. Five different substrate
concentrations were added to the reaction medium in the
presence and absence of three different inhibitor
concentrations of oncological drugs and Ki values and
inhibition types were determined using Lineweaver-Burk
curves.

Statistical analysis: Conventional polynomial regression
software (Microsoft Office 2010, Excel, Redmond, WA) was
used for the mathematical relationship between PON1 activity
and oncological drug concentrations.

RESULTS

In the current study, the in vitro  inhibitory effects of
trastuzumab and nivolumab on PON1 were determined. The
IC50 values were obtained from a plot of activity (%) versus
drug  concentrations.  The  IC50 values  were  0.0071  and
0.0043 µM, respectively (Fig. 1-2). Different concentrations of
paraoxon were used to determine the Ki constants in the
reaction medium in which trastuzumab and nivolumab were
used as inhibitors. Lineweaver-Burk plots were drawn to
determine the Ki values and inhibition types for oncological
drugs. Ki values were found as 0.0062  and  0.0053 µM,
respectively (Fig. 3-4). Trastuzumab showed a competitive
inhibitory effect, while nivolumab showed a noncompetitive
inhibitory effect.

Fig. 1: Activity (%) (trastuzumab) graph used to determine the IC50 value

Fig. 2: Lineweaver-Burk graph used to determine Ki constant
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Fig. 3: Activity (%) (nivolumab) graph used to determine the IC50 value

Fig. 4: Lineweaver-Burk graph used to determine Ki constant

DISCUSSION

This research aimed to define the relationship between
trastuzumab and PON1 used as a biomarker. The main
findings of this study were as follows: 1) PON1 enzyme activity
was decreased with trastuzumab, 2) A decrease in PON1
activity may be associated with a higher risk of cardiovascular
toxicity.

Serum paraoxonase (PON1) is a lipo-lactonase with
antioxidant and atheroprotective properties. In many clinical
and experimental studies, the atheroprotective effect of PON1
in protection against atherosclerosis has been proven. With its
atheroprotective property, the PON1 enzyme can protect LDL
and HDL from oxidation, reduce macrophage oxidative state,
stimulate cholesterol efflux from macrophages and reduce
oxidative state in atherosclerotic lesions. Atherosclerosis is the
main cause of cardiovascular disease (CVD). PON1 activity is
reduced in people with cardiovascular disease28. In addition,
PON1 activity was found to be lower in patients with breast,
lung, pancreatic, stomach, gastroesophageal and prostate
cancers29.

Enzymes are suitable targets for chemotherapeutic
application in cancer therapy. Drug molecules bind to enzyme
active sites. They exert their oncological effects by inhibiting
the active site of the enzyme. There are few studies
investigating the relationship between PON1 and anti-cancer
drugs. These drugs showed an inhibitory effect on the PON1
enzyme. For example, in a study by Al2m and Beydemir26, the
IC50 values of some anticancer drugs were in the range of
0.011-23.3 mM. Al2m et al.30 studied the in vitro  inhibition
effects of indazoles on PON1. They found that the IC50 values
were in the range of 72.9-358 µM.  In another study, Beydemir
and Demir27 investigated the effect of epilepsy medications on
paraoxonase enzyme activity. They found that all drugs
showed inhibitory effects. Isgör and Beydemir31 studied the
effects of some cardiovascular drugs on human serum PON1
enzyme activity. The IC50 values for these drugs were
determined  as  0.012  µM,  0.621  µM,  0.672  µM, 1.462 µM,
3.255 µM, 4.495 µM and 47.803 µM, respectively. A similar
study was carried out by Türkes and coworkers. They
investigated the in vitro  effects of certain calcium channel
blockers on purified human  serum  PON1. The IC50  values  for
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these drugs were determined as 0.121 mM, 0.130, 0.255 mM
and 0.304 mM, respectively25. In my previous studies, the
inhibitory effects of busulfan and carfilzomib on human serum
PON1 were evaluated. The IC50 values were found to be 77 µM
and  43.31 µM, respectively32,33. In our other works, the
inhibitory effect of zoledronic acid, bendamustine, cladribine,
mitoxantrone and methotrexate on PON1 were investigated
and they inhibited PON1. Their IC50 values were 57 µM, 57 µM,
77 µM, 99 µM and 38.50 µM, respectively34-37. There has been
no information about the inhibition types of trastuzumab and
nivolumab on PON1 in the literature so far. Compared with
other studies, these oncological drugs (trastuzumab and
nivolumab) inhibited PON1 more potently than other drugs.
However, this study should be supported by oncological
studies.

CONCLUSION

As a result, because of the cardiovascular toxicity of
oncological drugs (trastuzumab and nivolumab) used in
cancer chemotherapy, the use of these drugs in cardiovascular
patients may cause serious discomfort. Because decreases in
PON1 activity in these patients may further increase
Cardiovascular Diseases (CVD). 

SIGNIFICANCE STATEMENT

This study discovered the inhibitory effect of in vitro
oncological drugs (trastuzumab and nivolumab) on PON1,
which no researchers have studied so far. Thus, a new theory
can be obtained based on this study on how oncological
drugs (trastuzumab and nivolumab) can increase
cardiovascular diseases.
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