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Tocilizumab, a Potent Interleukin-6
Receptor Inhibitor, Decreases Bone
Resorption and Increases the Rate of

Bacterial Infection After Tooth
Extraction in Rats
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Purpose: Our objective was to evaluate the influence of pretreatment with tocilizumab (TCZ) in bone

healing after tooth extraction in rats.

Methods: Wistar male rats were equally divided into sham (ie, nonoperated), saline (both treated with

0.1 ml/kg saline), and six TCZ groups treated with 1, 2, 4, 8, 16, and 32 mg/kg TCZ (TCZ1 to TCZ32,

respectively). Twenty-four hours after administration of vehicle or TCZ, exodontia of the first lower left
molar was performed, and the animals were euthanized three days later for hematological analysis and or-

gan (liver, spleen, and kidney mass indexes, and histological evaluation), gingiva (myeloperoxidase [MPO]

assay), and mandible (radiographic, histomorphometric analysis, and IL-6 immunostaining) evaluation.

Analysis of variance/Bonferroni test (statistical significance, P < .05) was performed using GraphPad Prism

version 5.0 (GraphPad Inc, San Diego, CA, USA).

Results: There was no difference in radiographic results; however, leukopenia (P = .039) and neutrope-

nia (P < .001) were statistically significant in the TCZ16 and TCZ32 groups. Weight loss (P < .001) and

reduced liver index (P = .001) were significantly dose-dependent; however, no histological alterations

were observed in the other organs. Osteoclast counts were reduced in groups TCZ4 to TCZ32

(P < .001), and IL-6 immunostaining increased in the TCZ8 to TCZ32 groups (P < .001). Alveolar infection
rates increased in groups TCZ4 to TCZ32 (P < .001), and MPO had a biphasic response, exhibiting a reduc-

tion in groups TCZ2 and TCZ4, and an increase in group TCZ32 (P = .004).
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Conclusion: TCZ-induced immunosuppression led to a reduction in osteoclast function, an increase in

alveolar infection, and compensatory neutrophil infiltration.

� 2020 American Association of Oral and Maxillofacial Surgeons

J Oral Maxillofac Surg 78:2138-2146, 2020
Introduction

Monoclonal antibodies are a class of drugs widely used

to treat autoimmune diseases and some cancers, as

well as for immune control of infections occurring as
side effects. The mechanism involves the blockage of

cytokines or receptors that inhibit the natural course

of some diseases.1 This therapeutic approach has

improved the health of some patients with chronic

local and systemic diseases.2

A humanized anti-interleukin (IL)-6 receptor mono-

clonal antibody, tocilizumab (TCZ), has recently

been authorized for use in humans. TCZ binds revers-
ibly to the IL-6 receptor (IL-6R), blocking Janus kinase/

signal transducers and activators of transcription (JAK/

STAT) activation and the subsequent overproduction

of cytokines.3 Due to its ability to inhibit inflammation,

TCZ is being used in the treatment of rheumatoid

arthritis, including as monotherapy, and Crohn dis-

ease, asthma, and Coleman disease, and as an adjuvant

for multiple myeloma, some lymphomas, and solid-
organ cancers, including colorectal, breast, prostate,

ovarium, pancreas, lung, and kidney cancers.4

Recently, TCZ has been used as palliative treatment

for oral squamous cell carcinomas5,6 and multi-drug-

resistant anemia7,8; thus, its range of therapeutic appli-

cations has increased.

Furthermore, TCZ has been used, with good results,

in the treatment of patients with coronavirus disease
2019 (COVID-19), caused by the novel severe acute

respiratory syndrome coronavirus-2 (SARS-CoV-2).9

In these conditions, a large number of critically ill pa-

tients experience a ‘‘cytokine storm’’ caused by the

overproduction of proinflammatory cytokines, espe-

cially IL-6. This storm contributes to increased disease

severity and poorer prognosis, and TCZ contributes to

the improvement of symptoms by reducing the inflam-
mation associated with this IL-6 storm.10,11

The blockage of IL-6R reduces the overexpression of

several inflammatory chemical mediators that are

important in osteoclastogenesis,4 interfering with

bone remodeling.12 After exodontia, there is a rapid

and natural increase in the levels of proinflammatory

cytokines, such as tumor necrosis factor-alpha (TNF-

a), IL-1b, and IL-6, leading to the production of recep-
tor activator of nuclear factor kappa-B ligand (RANKL)

and bone loss.4,13

Despite pathological bone loss being attenu-

ated,14,15 the interruption of inflammatory pathways
can delay bone remodeling.16 After exodontia in the

dental-exposed alveolus, delayed bone remodeling

can heighten infection risk due to the rich oral micro-

biota17 and the blockage of neutrophil migration and

macrophage activation by the blockage of IL-6 activ-

ity.18 Based on the wide therapeutic potential of TCZ

and its relevance in clinical dental procedures, the

objective of the present study was to evaluate the ef-
fect of pretreatment with TCZ on bone remodeling

in rats subjected to tooth extraction.
Materials and Methods

EXPERIMENTAL GROUPS AND DOSES

This research was approved by the Animal Use

Ethics Committee of the Federal University of Ceara

(UFC) under protocol number 23/2015 (May 23,

2016) in compliance with Federal Law 11.794

(October 8, 2008) and Decree 6.689 (July 15, 2009)

regulating law 11,794 (www.planalto.gov.
brccivil03Ato2007-20102008LeiL11794.htm).

The present experimental study included 48 male

Wistar rats (weight, 270–310 g) supplied by the

experimental animal facility of UFC. The animals

were acclimated for 1 week under controlled labora-

tory conditions (temperature, 24�C; relative humidi-

ty 40 to 60%; 12-h light-dark cycle, and ad libitum

access to food and water) and then randomly as-
signed to 8 experimental groups, with 6 animals

per group.

The sham and saline groups were treated with

0.1 mL/kg of saline solution (0.9% sodium chloride

[NaCl]). The experimental groups received TCZ at

doses of 1 (TCZ1), 2 (TCZ2), 4 (TCZ4), 8 (TCZ8),

16 (TCZ16), or 32 (TCZ32) mg/kg in equal volumes

of 0.1 mL/kg saline solution (0.9% NaCl). All solu-
tions were intravenously administered (penile ac-

cess) 24 h before the extraction of the first lower

left molar.

The dose-response curve was constructed based on

the therapeutic doses of 4 and 8 mg/kg proposed by

Guptarak et al. (2013).3 Two lower and 2 upper doses

(ie, 1 and 2 mg/kg, and 16 and 32 mg/kg, respectively)

were added, respecting a scale of ‘‘multiples of 2’’, as
previously described.19 Exodontia was not performed

in the sham group, and rats in both the saline and TCZ

groups underwent extraction of the first left

lower molar.

http://www.planalto.gov.brccivil03Ato2007-20102008LeiL11794.htm
http://www.planalto.gov.brccivil03Ato2007-20102008LeiL11794.htm
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EXPERIMENTAL PROTOCOL

Twenty-four hours after saline or TCZ injection (day

0), the animals were weighed (initial weight), anesthe-

tized with an intraperitoneal injection of a freshly pre-

pared mixture of ketamine (90 mg/kg) and xylazine

(10 mg/kg), and subjected to tooth extraction (Hol-
lemback 3s spatula) or sham surgery in a blinded

manner. On the day exodontia was performed, 2 mL

of blood (retro-orbital plexus) was collected to count

leukocytes (myeloid and lymphoid cells [initial leuko-

cyte count]).

After exodontia, the teeth were dried on absorbent

paper and weighed using a precision balance. Addi-

tionally, an operator blinded to the group assignments
recorded the number of root fractures.20

Three days after surgery (day 3), the animals were

weighed and anesthetized, and 2 mL of blood (retro-

orbital plexus) was collected to count leukocytes

(myeloid and lymphoid cells) (Sysmex KX 21N,

Roche). The animals were euthanized using ketamine

(270 mg/kg) and xylazine (30 mg/kg) overdose, and

alveolar mucosa, alveolar bone, kidneys, spleen, and
liver samples were collected.

Weight and leukocyte count evaluations were per-

formed by dividing the final value by the initial value

multiplied by 100%.
HISTOLOGICAL ANALYSIS OF ORGANS

On the day the animals were euthanized, the liver,

spleen, and kidneys were removed and weighed to

verify the organ index. The organ indexwas calculated

by dividing the weight of the organ by the final weight

of the rat multiplied by 100%. These organs and alve-

olar bone were then fixed in 10% neutral formalin so-

lution for macroscopic and microscopic evaluation.

After the organs were subjected to macroscopic
analysis, they were histologically processed and

embedded in paraffin blocks. Sections (4-mm thick)

were cut using a semiautomatic microtome and

stained with hematoxylin and eosin for examination

under a conventional light microscope (magnification

40 � , 100 � , and 400 � ) and histological analysis of

the organs was based on the presence and extension

of lesions.20
RADIOGRAPHIC ANALYSIS

The mandibles of all groups underwent radiography

using a conventional X-ray machine (63 Kvp, 8 mA;

Dabi Atlante Ribeir~ao Preto, SP) coupled with a Digora

digital image capture system (parallelism radiographic
technique). The mandibles were positioned parallel to

the radiographic digital film, with a focal distance of

10 cm. The exposure time established by the manufac-

turer for upper anterior dental (0.18 s) was used for all

samples. Radiographs were quantitatively analyzed
using ImageJ software. After randomization, an oper-

ator blinded to the group assignments manually

measured the radiolucent area in triplicate using a free-

hand selection approach. The area of the demarcated

radiolucent region was measured by using the mea-

sure command. The average value of three measure-

ments was designated as the sample unit.20
HISTOLOGICAL PROCESSING

The mandibles were fixed in a 10% neutral formalin

solution and decalcified (10% EDTA, pH 7.3, NaOH,

PA) for 30 days and maintained in suspension. After
the hemimandibles were histologically processed

and embedded in paraffin blocks, sections (4-mm
thick) were cut using a semiautomatic microtome

and stained with hematoxylin and eosin for examina-

tion under a conventional light microscope (magnifi-

cation 400 � ).

Ten micro-fields were selected for micrographs us-

ing a Leica DFC295 microscope coupled to a Leica
DM 2000 microscope with LAS software (Leica, Heer-

brugg, Switzerland). The images were exported and

analyzed using ImageJ software. The cell counter com-

mand was used to count osteoclasts. The slides were

randomized to minimize observation bias, and the

investigator was blinded to the group assignments.

The sum of 10 micrographs was considered the sam-

ple unit for statistical analysis.21,22
TISSUE MICROARRAY PROCEDURES AND
IMMUNOHISTOCHEMICAL ASSAY

The referent area of the alveolus was marked on a

slide with a permanent brush to select the area for

the tissue microarray procedure. The slide was paired
with a paraffin block and a tissue microarrayer (Quick-

Ray Unitma Co. Ltd., Seoul, Korea) was used to punch

a 2-mm diameter sample of material from the paraffin

block. The sample was transferred to 2 receptor

paraffin blocks with capacity for 36 samples each.

For the immunohistochemical assay, sections (4-mm
thick) were cut using a semiautomatic microtome

and mounted on silanized slides.
After deparaffinization and rehydration, antigen

retrieval was performed by heating in citrate solution

(pH 6.0). After reaching room temperature, the slides

were blocked in peroxidase with 3% hydrogen

peroxide (H2O2) and diluted in phosphate-buffered sa-

line for 30 min. After being blocked with albumin for

30 min, the slides were incubated with IL-6 antibody

(1:300 dilution; Abcam, Cambridge, United Kingdom).
Universal Immune-peroxidase Polymer (Histofine,

Nicherei Biosciences Inc., Tokyo, Japan) for 30 min

was used as the secondary antibody, and 5,5-

diaminobenzidine tetrahydrochloride (DAB; Dako,

Dopenhage, Denmark) was used to identify positive
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cells. Harris hematoxylin was used for coun-

terstaining.

The same method of osteoclast counting was per-

formed to obtain photomicrographs of IL-6 reactions.

The cell counter command was used to count IL-6

cytoplasm-positive cells. For minimizing observation

bias, the slides were randomized, and the investigator

was blinded to the group assignments. The sum of 10
micrographs was considered a sample unit for statisti-

cal analysis.21,22
DETERMINATION OF MYELOPEROXIDASE IN THE
ALVEOLAR MUCOSA

A myeloperoxidase (MPO) quantification assay is

broadly used as a marker for myeloid cell infiltration

into tissues, mainly neutrophils. Following euthanasia,
a specimen of the alveolar mucosa was collected,

weighed, and freeze-dried at -80�C until required for

the assay. Briefly, 15–20mg of oral mucosawas homog-

enized in hexadecyltrimethylammonium bromide

(HTAB) buffer (Sigma-Aldrich, St Louis, MO, USA).

The homogenates were centrifuged at 2,000 � g for

15 min at 4�C. MPO activity in the resuspended pellet

was assayed by measuring the change in absorbance at
450 nm using o-dianisidine dihydrochloride (Sigma)

and 1% H2O2 (Merck, Whitehouse Station, NJ, USA).

The results are reported as MPO units per mg

of tissue.23
STATISTICAL ANALYSIS

The Shapiro-Wilk test was used to assess the

normality of data distribution. Data are expressed as

mean � standard error of the mean (SEM) or absolute

or relative frequency. Statistical analysis was per-

formed using GraphPad Prism version 5.0 (GraphPad

Software, Inc., San Diego, CA, USA). One-way AN-

OVA/Bonferroni or chi-squared tests were used to
compare the groups. The level of statistical signifi-

cance was set at 5% (ie, P < .05).
Results

SURGICAL DIFFICULTY

When the weight of each tooth was analyzed, we

verified that there was no statistically significant differ-

ence between the nonoperated sham group and the

other groups (P = .602). The number of radicular frac-

tures did not differ between the control and TCZ

groups (P = .910) in the experimental

groups (Table 1).
SYSTEMIC EVALUATION: TCZ LED TO WEIGHT LOSS,
LEUKOPENIA, AND HEPATIC TOXICITY

There were no significant differences in the varia-

tion in leukocyte count between the sham group,
control group, and rats in groups TCZ1, TCZ2, and

TCZ4. However, rats in groups TCZ8, TCZ16, and

TCZ32 exhibited a significant decrease in the total

number of total leukocytes (P = .039) from day 0 to

day 3 (Table 1).

Although there were no differences in variation of

lymphoid cell counts among the groups (P = .310),

the TCZ16 and TCZ32 groups exhibited significant de-
creases in the variation of myeloid cell counts without

differences among the sham, control, TCZ1, TCZ2,

TCZ4, and TCZ8 groups (Table 1).

Weight loss was greater in the TCZ16 and TCZ32

groups than in the other groups (P < .001) (Table 1).

The spleen (P = .972) and kidney (P = .420) indexes

did not exhibit significant differences; however, there

was a significant reduction in the liver index in animals
in the TCZ16 and TCZ32 groups compared with the

other groups (P = .001) (Table 1).

Histological parameters, including renal, splenic,

and hepatic toxicity, did not demonstrate significant

variation among the 8 experimental groups

(Supplementary Tables 1 to 3).
RADIOLUCENT AREA AND HISTOLOGICAL
EVALUATION

All animals that underwent exodontia of the first left

inferior molar exhibited a radiolucent dental alveolus
surrounded by a thin radiopaque line. The radiolucent

area of tooth extractions did not differ among the sa-

line (1,376 � 130 pixels), TCZ1 (1,401 � 92 pixels),

TCZ2 (1,255 � 71 pixels), TCZ4 (1,247 � 146 pixels),

TCZ8 (1,282 � 107 pixels), TCZ16 (1,413 � 128

pixels), and TCZ32 (pixels) groups (P = .867) (Fig 1).

The sham group exhibited root surfaces and peri-

odontal ligaments without morphological alterations.
The control group exhibited an exposed dental alve-

olus with a high number of multinucleated osteoclasts

around the bone associated with Howship lacunae. In

the TCZ1 and TCZ2 groups, the number of multinucle-

ated osteoclasts associated with Howship lacunae ex-

hibited a slight reduction. The TCZ4 and TCZ8

groups exhibited a significant reduction in osteoclasts

and lack of Howship lacunae, as well as in the TCZ16
and TCZ32 groups. Additionally, intense inflammatory

infiltrates composed of neutrophil cells was observed

in the TCZ32 group (Fig 1).

Rats in the control group exhibited a greater mean

number of osteoclasts in the alveolus (38.0 � 0.6)

compared with the sham group (4.5 � 2.0). Although

there were no differences in the control, TCZ1

(38.0 � 5.2) and TCZ2 (24.3 � 2.4) groups, the
TCZ4 (11.3 � 2.6), TCZ8 (12.5 � 2.7), TCZ16

(14.3� 2.4), and TCZ32 (13.5� 2.9) groups exhibited

a significant reduction in osteoclast count (P < .001)

(Figs 2 and 3).



Table 1. SURGICAL DIFFICULTY AND SYSTEMIC PARAMETERS OF TOXICITY IN RATS SUBMITTED TO EXODONTIA OF FIRST LOWER MOLAR AND TREATED WITH
DIFFERENT DOSES OF TCZ

Sham Saline

TCZ (mg/kg)

P-Value1 2 4 8 16 32

Surgical Difficulty

Tooth Mass (mg) 0.0 � 0.0 16.0 � 0.6* 16.1 � 0.9 15.9 � 0.8 14.7 � 0.9 14.5 � 0.1 15.6 � 0.8 16.9 � 1.0 <.001
Radicular Fractures (n) 0.0 � 0.0 0.6 � 0.2* 1.0 � 0.3 0.8 � 0.4 1.0 � 0.4 1.0 � 0.0 0.7 � 0.2 0.8 � 0.3 .043
Ratio final/initial blood cells

counting (%)

Withe Blood Cells 124.9 � 15.0 122.1 � 6.6 125.9 � 7.7 109.2 � 14.6 102.5 � 4.0 89.2 � 3.3*,y 88.7 � 12.1*,y 87.7 � 11.9*,y .039
Lymphocytes 124.5 � 16.8 121.6 � 6.5 129.7 � 12.0 110.5 � 14.8 103.8 � 3.3 94.0 � 3.8 98.6 � 17.1 87.2 � 15.6 .310

Myeloid cells 125.1 � 14.0 98.1 � 12.2 61.6 � 14.6 74.3 � 5.1 79.9 � 10.5 66.9 � 9.2 34.0 � 7.1*,y 29.1 � 4.9*,y <.001
Systemic parameters of toxicity

Body mass (%) 102.7 � 1.9 105.2 � 1.1 104.6 � 1.8 106.7 � 1.6 105.8 � 0.8 100.2 � 1.2 96.60 � 1.3*,y 96.40 � 3.2*,y <.001
Liver Index (%) 4.96 � 0.39 5.34 � 0.27 5.01 � 0.23 5.22 � 0.27 4.81 � 0.31 4.23 � 0.22 4.01 � 0.11y 3.92 � 0.15*,y .001
Spleen Index (%) 0.29 � 0.05 0.30 � 0.05 0.29 � 0.03 0.28 � 0.03 0.28 � 0.03 0.28 � 0.04 0.29 � 0.06 0.27 � 0.08 .972

Renal Index (%) 0.47 � 0.04 0.47 � 0.01 0.45 � 0.01 0.49 � 0.02 0.44 � 0.02 0.42 � 0.01 0.48 � 0.03 0.45 � 0.02 .420

Organs mass calculated by the ratio between the weight of each organ and weight of rat on euthanasia day.
Body mass variation calculated by the ratio between final/initial weight. Bold values indicate significant P-values.
Abbreviation: TCZ, Tocilizumab.
* P < .5 versus Sham group.
y P < .5 versus saline group.
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FIGURE 1. Radiographic and histological profile of dental alveoli three days after exodontia and treatment with varying doses of tocilizumab
(TCZ) showing no significant alterations in a macroscopic and low magnification qualitative analysis. Histologic magnification: 50x (H&E).
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The number of rats exhibiting bacterial colonies

suggestive of Actinomyces was significantly higher in

the TCZ4, TCZ8, TCZ16, and TCZ32 (100%) groups

than in the other groups (sham, 0%; control, 25%;

TCZ1, 17%; and TCZ2, 40%) (P < .001). These data sug-

gest that the increase in the number of bacterial col-

onies was dose-dependent.

MPO ASSAY

MPO activity in the sham group (7.6 � 0.9) was

significantly lower than that of the control group

(36.5 � 7.1). There was no difference in MPO activity

between the control group and TCZ1 (36.5 � 7.1).

The TCZ2 (10.4 � 0.1) and TCZ4 (9.0 � 0.5) groups

exhibited a significant decrease in MPO activity, and

the TCZ32 group (66.2 � 29.3) exhibited a significant
increase (66.2 � 29.3) (P = .004) (Fig 4).

IL-6 IMMUNOSTAINING

The mean number of IL-6-positive cells in the sham

group (48.5 � 17.0) was significantly lower than that

of the control group (333.5 � 93.8). There was no dif-

ference in MPO activity between the control group
and TCZ1 (320.5 � 98.3), TCZ2 (280.3 � 56.8), and

TCZ4 (650.7 � 182.9) groups; however, rats in the

TCZ8 (1,510.0 � 294.2), TCZ16 (1,623.0 � 85.9),

and TCZ32 (1,474 � 128.7) groups exhibited a higher

number of IL-6-positive cells than the saline group

(P < .001) (Figs 2 and 3).

Discussion

TCZ is a monoclonal antibody that binds to the IL-
6R, inhibiting its activation and blocking the activation

of IL-6. Thus, this mechanism is vital in controlling dis-

eases characterized by the overproduction of IL-6.24

Because this agent has a wide range of therapeutic
applications, we studied initial bone remodeling

post-tooth extraction in rats pretreated with TCZ.

We evaluated the tooth alveolus 3 days postexodontia

because this is the day with the highest number of in-

flammatory cells.23 So, the maximum impact of IL-6R

blockage in inflammatory cell migration would be

observed in tooth alveolus at this time.

IL-6 is an important cytokine related to some physi-
ological processes. Although controlling IL-6 is consid-

ered to be indispensable in the treatment of some

diseases, including periodontitis,25 its total or partial

blockage can impact physiological functions.26

Leukocyte counts in the groups treated with high

doses of TCZ exhibited significant leukopenia that

was myeloid cell-dependent. IL-6 is indispensable in

the late phase of myeloid differentiation27; however,
its effect on lymphoid cells appears to be more qualita-

tive (modulation of the T-helper cell immune profile

response) than quantitative.28 This explains the

more intense effect of TCZ in cells with a myeloid

than lymphoid lineage. Additionally, this could explain

the weight loss in the 2 high-dose groups because sup-

pression of the medulla is often accompanied by

intense cachexia.29

Histological analysis revealed that TCZ reduced

osteoclast counts in the therapeutic doses (ie, TCZ4

and TCZ8) and overdoses (ie, TCZ16 and TCZ32) in

the alveolar bone. Immediately after exodontia, there

is an increase in the levels of some proinflammatory

cytokines, such as TNF-a, IL-1b, and IL-6, which lead

to monocyte recruitment and osteoclast differentia-

tion.30 IL-6 blockage directly interferes with monocyte
recruitment and activation and osteoclast differentia-

tion independent of the RANKL axis.31 Furthermore,

IL-6 blockage inhibits the classical activation pathway

of macrophages and other monocyte lineage cells,32

decreasing phagocytic potential, and contributing as



FIGURE 2. Histomorphometric and immunostaining profile of interleukin (IL)-6 in dental alveoli three days after exodontia and treatment with
varying doses of tocilizumab (TCZ) showing a reduction in Howship lacunae and osteoclasts close to the bone and an increase in polymorpho-
nuclear cells in TCZ32 group. Histologic magnification: 400x (H&E); IHC magnification: 400x (Dab/Harris hematoxylin).
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a risk factor to infection. In this study, we found a high

prevalence of Actinomyces in the first 3 days of post-

tooth extraction, probably due to the lack of phago-

cytic potential.
Parallel to osteoclast reduction and increase in infec-

tion rates, neutrophils exhibited a biphasic response

to TCZ treatment: in low doses, neutrophil infiltration

of the alveolar mucosa was reduced; at high doses,

MPO activity demonstrated a significant increase

accompanied by intense polymorphonuclear cell

staining in the postexodontia alveolus. IL-6 is essential

for the migration and activation of macrophages in
bone (osteoclast differentiation),33 directly leading to

IL-8 (chemotactic to neutrophils) as monocyte chemo-

attractant protein-1 (MCP-1).34 When IL-6 is blocked,
FIGURE 3. Radiographic analysis, osteoclast counting, and the numbe
exodontia and treatment with varying doses of tocilizumab (TCZ) show
and increase in the number of IL-6 immunostained cells. *P < .05 versus
data presented as mean � standard error; n = 6/group). Original magni

Imaculada de Queiroz Rodrigues et al. Tocilizumab Inhibits Bone Reso
there is a decrease in neutrophil infiltration and osteo-

clasts35,36; however, with increased doses of TCZ,

there was also an increase in infection rates and

neutrophil infiltration.
IL-8 production in response to bacterial byprod-

ucts is independent of TNF-a, IL-1b, and IL-6. In

the severe absence of IL-6 (ie, TCZ32 group),

macrophage activity was engaged, such as osteo-

clast function; therefore, compensatory IL-8 over-

expression can lead to a high level of neutrophil

infiltration.34 Neutrophils produce high levels of

prostaglandin E2,37 which inhibit MCP-1 produc-
tion by reducing infiltration of progenitor osteo-

clast cells38 and lead to tissue damage39 such as

osteomyelitis.40
r of interleukin (IL)-6 positive cells in dental alveoli three days after
ing no radiographic alterations, reduction in osteoclasts counting,
sham group; yP < .05 versus saline group; (ANOVA/Bonferroni,

fication � 400.

rption in Exodontia. J Oral Maxillofac Surg 2020.



FIGURE 4. Myeloperoxidase assay of dental alveolus post-
exodontia gingiva three days after tooth extraction in rats treated
with varying doses of tocilizumab (TCZ) showingabiphasic behavior
of neutrophils by TCZ dose. *P < .05 versus sham group; yP < .05
versus saline group; (ANOVA/Bonferroni, data presented as
mean� standarderror; n=6/group).Originalmagnification�400.
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There were no significant alterations to the kidneys

or spleen; however, TCZ caused significant hepatic

damage. Hepatotoxicity is a limiting factor to TCZ
treatment in patients with rheumatoid arthritis,41

which has been described in case reports of severe

hepatitis after TCZ use.42 It is probable that the indis-

pensable axis involving IL-6 and hepatocyte growth

factor is partly responsible for this toxicity.42,43

Although TCZ does not directly inhibit the IL-6R in

rodents,44 some experimental models have demon-

strated its benefits in rats.19,45 In addition, IL-6R is
mainly found on hepatocytes, neutrophils, monocytes,

and LTCD4,46 all of which were altered in this experi-

mental model.

Inevitably, therewill be an increase in the use of TCZ

due to the current COVID-19 pandemic. A clinical hu-

man dose of TCZ (8 mg/kg) has a long half-life

(>4 weeks).9 In patients with COVID-19, the adminis-

tration of TCZquickly improves respiratory symptoms,
and further doses are necessary for disease control.11

The results of our study can help in understanding

why some COVID-19 patients worsen after TCZ treat-

ment. With high suppression of the IL-6 pathway, sec-

ondary bacterial infections can activate noncanonical

pathways, leading to the overexpression of both IL-6

and other cytokines.10 Although this was not the focus

of our study, indications for TCZ use to control inflam-
matory processes will increase significantly in the

future, and dentistry will need to prepare for the

adverse effects of this monoclonal antibody even in a

short period of time. In rats IL-6-/-, there is an increase

in inflammatory alveolar bone destruction because

other cytokines like IL-1a increase compensatively.47

So, the suppression of IL-6 is likely, even at low doses,

to have significant adverse effects on the alveolar bone.
In conclusion, the results of the present study

demonstrated that pretreatment with TCZ reduced

osteoclast count, increased histological signs of infec-

tion, caused myeloid suppression and cachexia in a

dose-dependent manner, and induced a biphasic

response in neutrophil infiltration of the alveolar mu-

cosa. With the promising future perspectives of TCZ

use in immunoinflammatory diseases and in COVID-
19 treatment, this research showed that in the clinical

setting, surgeons need to pay attention to side effects

of TCZ, especially due to increased risk of postsurgical

infection. Further studies aiming to understand the

mechanisms involved in the modulation of bone meta-

bolism by TCZ and whether TCZ treatment leads to

delayed bone remodeling in the late phases

are warranted.
Supplementary Data

Supplementary data associated with this article can

be found in the online version, at https://doi.org/10.

1016/j.joms.2020.08.012.
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