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Abstract

Background: COVID-19 is a family of coronaviruses that was started in Wuhan, China in 2020.
This virus has a strong relationship with cytokine storm. The aim of this novel study was to
evaluate the chimeric antigen receptor (CAR) T-cell therapy drug’s effects on immunity member
expression in dental implant patients who received the COVID-19 vaccine.

Methods: A total of ten patients who received the COVID-19 vaccine and applied for dental
implants were chosen for this study. Five patients who applied for dental implants but did not
receive the COVID-19 vaccine were selected as the control group. The macrophage cells were
isolated from dental pulp and treated with CAR T-cell therapy drugs. The real-time polymerase
chain reaction was performed for the evaluation of Toll-like receptor 2 (TLR2) and TLR4
expression, and an enzyme-linked immunosorbent assay was used to determine the levels of
interleukin (IL-6) and IL-1 cytokines.

Results: The results of the present study showed that 48 hours after treating the cells with CAR
T-cell therapy drugs, the TLR2 and TLR4 expression and IL-6 and IL-1 levels were decreased,
and this amount was higher in the tisagenlecleucel group than in the axicabtagene ciloleucel
group (P<0.001). The COVID-19 vaccine group results demonstrated no significant difference
compared with other groups.

Conclusion: The findings of the present study proved that the drugs as a CAR T-cell therapy,
such as Tisagenlecleucel and Axicabtagene ciloleucel, could decrease TLR function and
inflammatory cytokines levels, but due to the cytokines storm in COVID-19, these drugs could
not affect innate immunity receptors and cytokines levels.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is a beta coronavirus that causes pneumonia.’.The
virus attacks the respiratory system and causes dyspnea,
fever, dry cough, weakness, vomiting, diarrhea, hypoxia,
and the like.> The SARS-CoV-2 virus activates the immune
response and causes inflammatory reactions that lead to
the release of cytokines in the body of the infected person.
These cytokines cause immune abnormalities leading to
infections by microorganisms, septic shock, and severe
multiple organ dysfunction.’ Pro-inflammatory cytokines,
such as interleukin (IL)-6, are found at high concentrations
in severe patient bodies.* Dental implants are an integrated
system of technology developed in collaboration with
various disciplines, including chemistry, surface physics,
and biomechanics. There are extremely strict requirements
and controls for making implants. These materials have
biological and mechanical compatibility with the human
body since they are in contact with the soft and hard
tissues of the body. These implants are made of titanium,

which is used in adults to restore health and beauty. Dental
implants are surgically placed under the gums. The bone
begins to grow around and inside the implant, creating
strong support that rests on a superstructure.” The function
of chimeric antigen receptors (CARs) is to direct immune
cells to identify and target tumor cell surface molecules.
CAR cell therapy has received a great deal of attention
as immunotherapy and has received the approval of the
Food and Drug Administration. These cells are less tissue-
compatible in the treatment of tumors. These cells are
unsuitable for long-term therapy since they develop toxicity
after administration.® The human body has two types of
immune responses to germs, including innate and adaptive
immunity. The mechanism of action of both of these
responses is to distinguish between internal and external
molecules. The innate response has cellular receptors called
Toll-like receptors (TLR) that detect microbe-specific
molecules. These receptors produce specific signals that
trigger an inflammatory response when they come in contact
with germs. Hence, TLRs are important components of the
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innate safety pass.” IL-1, IL-6, and tumor necrosis factor
are three examples of multifunctional cytokines that play
an important role in the immune response, hematopoiesis,
and inflammation. Each of them has a specific task, but
in general, their function is to interact with each other.
IL-6 has the task of inducing antibodies. IL-6 belongs to
the cytokine receptor family, while IL-1 belongs to the
immunoglobulin family* With upper respiratory tract
infection by COVID-19, mild respiratory syndrome occurs
with the release of IL-1P and IL-6. The binding of the virus
to the TLR releases pro-IL-1p. The enzyme caspase 1 cleaves
this cytokine, and then inflammatory activation occurs and
IL-1B is produced, which is the main cause of pneumonia,
fever, and fibrosis. Thus, the suppression of IL-1 and IL-6
reduces inflammation.’ This study aims to determine how
CAR T-cells affect innate immunity cytokines and receptors
in patients with the COVID-19 vaccination who applied for
an implant.

Materials and Methods

Patients and Cell Culture and Treatment

A total of ten patients who received the COVID-19
vaccine and applied for dental implants were selected for
this study. Five patients who applied for dental implants
while not receiving the COVID-19 vaccine were chosen as
the control group. The macrophage cells were isolated and
cultured according to a previous study '°. The cells were
treated with tisagenlecleucel (Tisa-Cel) and axicabtagene
ciloleucel (Yescarta) within 2, 12, 24, 48, and 72 hours.

Real-Time Polymerase Chain Reaction

The cells were cultured in a 6-well plate. After treatment
with CAR T-cell therapy drugs, total RNAs were extracted
by the TRIzol reagent based on the manufacturer’s kit
protocol (Takara, Japan), and mRNA was extracted.
Quantitative RT-PCR was applied to measure the
expression levels of TLR2 and TLR4. It should be noted
that all samples were controlled by B-actin.

Enzyme-Linked Immunosorbent Assay

The supernatant of the cells was collected and and IL-1
and IL-6 were evaluated by ELISA kit (R&D System,
USA). The detection threshold of the assay was found to
be 1 ng/mL.

Western Blot

The treated and untreated macrophage cells were lysed
by RIPA Lysis Buffer (Sigma-Aldrich, Germany). For
electrophoresis, 50 pg of the extracted protein was added
to the gel. Polyvinylidene difluoride membranes were
used for staining the proteins. The cells were blocked, and
the membrane was incubated with anti-TLR2, anti-TLR4,
and beta-actin (Sigma-Aldrich, Germany). The density of
proteins was measured using Image]J software.

Statically Analysis

The data were summarized as means+standard

deviations (SD). The statistical analyses were performed
by the independent-sample ¢ test, and P values < 0.05 were
statistically significant.

Results

Toll-Like Receptors 2 and 4 Expression Decreased With
Chimeric Antigen Receptor T-cell Therapy

The macrophage cells were isolated from dental pulp
and treated with CAR T-cell drugs. The time course of
RT-PCR results demonstrated lower expression of TLR2
and TLR4 in drug groups compared with the control
group. The results showed that in groups treated with
Tisagenlecleucel, TLR2 and TLR4 expressions decreased
significantly in comparison to Axicabtagene ciloleucel
groups. In addition, TLR2 expression decreased more
than TLR4. Further, in both TLR2 and TLR4 groups,
the expression decreased significantly after 48 hours
compared with other time groups (Figure 1A). The
western blot was performed for the evaluation of TLR2
and TLR4 protein expression. Similar to the results of RT-
PCR, the results revealed lower expression of TLR2 and
TLR4 in the Tisagenlecleucel group (P<0.001, Figure 1B).

Interleukin 6 and Interleukin 1 Levels Decreased With
Chimeric Antigen Receptor T-cell Therapy

The supernatant of macrophage cells was collected for
the measurement of IL-6 and IL-1 levels. The levels were
detected via ELISA. Based on the results, the levels of IL-6
and IL-1 decreased significantly in the Tisagenlecleucel
group compared with the Axicabtagene ciloleucel groups.
Furthermore, the results showed that the cytokine levels
decreased within 48 hours compared to other time courses.
The ELISA results for IL-6 demonstrated that the level of
IL-6 cytokine decreased significantly compared to IL-1
(Figure 2).
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Figure 1. (A) The TLR2 and TLR4 Expression in Both Vaccine Groups. (B) The
TLR2 and TLR4 Protein Expression in Both Vaccine Groups. Note. TLR: Toll-
like receptor
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Figure 2. Determination of the IL-1 and IL-6 Levels via ELISA. Note. IL:
Interleukin; ELISA: Enzyme-linked immunosorbent assay

Discussion

Many studies have focused on CAR T-cells that mediate
major histocompatibility complex-unrestricted in tumor
cell killing by enabling T cells to bind target cell surface
antigens, but a few studies have addressed CAR T-cell
therapy in dentistry subjects.!" Tisagenlecleucel is a
CD19-directed genetically modified autologous T-cell
immunotherapy indicated for the treatment of adult
patients with relapsed or refractory follicular lymphoma
after two or more lines of therapy. Axicabtagene ciloleucel
is not recommended for the treatment of patients with
primary central nervous system lymphoma. CAR T-cell
therapy has an important relationship with innate
immunity, such as cytokines and receptors.”? Recent
studies have shown that CAR T-cell therapy drugs
such as Tisagenlecleucel decrease the innate immunity
receptor function in tumor cells, but no study has so
far focused on these functions in dental pulps.’>* Our
results revealed that the CAR T-cell therapy drugs can
affect TLRs and decrease their function. This is a novel
study that has focused on the different effects of CAR
T-cell therapy drugs. Likewise, the studies reported that
these drugs can decrease inflammation during cancer,
but few studies have addressed dental pulps.'® The present
study results confirmed that CAR T-cell therapy drugs
decrease the levels of pro-inflammatory cytokines such
as IL-6 and IL-1. The current study focused on patients
who received the COVID-19 vaccines, and the results
showed that the CAR T-cell therapy drugs could not
decrease the receptor’s function or levels of inflammatory
cytokines in these groups compared with other groups
(Figures 1 and 2). As mentioned earlier, the present
study is a novel study on dentistry subjects, hoping to
help researchers follow and increase these subjects’
data. The present study’s results proved that drugs used
as CAR T-cell therapy, such as Tisagenlecleucel and
Axicabtagene ciloleucel, could decrease TLR function
and inflammatory cytokines levels; however, due to
cytokines storm in COVID-19, these drugs could not
affect innate immunity receptors and cytokines levels.

Conclusion
The findings of the present study proved that the drugs
as a CAR T-cell therapy, such as Tisagenlecleucel and

Axicabtagene ciloleucel, could decrease TLR function and
inflammatory cytokines levels, but due to the cytokines
storm in COVID-19, these drugs could not affect innate
immunity receptors and cytokines levels.
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