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Abstract 
      HSP70 is a protein that is very important for the inflammatory response during root canal 
treatment. HSP70 can activate the expression of TNF-α which is a proinflammatory cytokine 
through the NF-κB pathway. 
     The aims of this study was to analyze the immunohistochemical picture of inflammation 
response in vital dental pulp tissue after pulp tissue extirpation or intervention with LPS 
administration followed by pulp tissue extirpation. The immunohistochemical picture was analysed 
based on neuroimmunological approach by exploring HSP70, NF-κB and TNF-α expression in 
macrophages cells.  
     The laboratory experimental study was conducted using 15 Spraque Dawley mice that were 
divided into 3 groups of 5 each group. Group(G) 1 as Control group; G2 was the pulp tissue 
extirpation group and G3 was LPS group followed by extirpation of pulp tissue. Sample of tissue 
were collected from dental apical field of the mandibular incisor. All specimens were examined 
using immunohistochemical methods. The results showed that there were significant differences in 
HSP70, NF-κB and TNF-α expression among groups. There was a significant increase in the 
expression of HSP70, NF-κB and TNF-α in all treatment group compare to the control group. There 
was a significant increase in the expression of HSP70 in G2 (Extirpation) compare to G3 (LPS 
&Extirpation). There was a significant decrease in the expression of NF-κB and TNF-α in G2 
(Extirpation) compare to G3 (LPS &Extirpation).  
     The conclusions of this study were pulp tissue extirpation causes increased expression of 
HSP70 in the pulp tissue. An increase in HSP70 causes an increase in NF-κB and TNF-α which 
causes pulp tissue inflammation. The decrease in NF-κB and TNF-α after LPS administration 
followed by extirpation of pulp tissue is due to over expression of HSP70. Based on its molecular 
aspect, the extirpated dental pulp (vital dental pulp) demonstrated a more pronounced inflammation 
response compared to that of LPS induction followed by pulp extirpation (inflammed vital pulp). 
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 Introduction 
 

 HSP70 is a protein that is very important 
for the inflammatory disease response1. HSP70 
functions to maintain tissue homeostasis and is 
physiologically expressed during tissue trauma2. 

HSP70 has also been reported to be expressed 
in the pulp due to tooth trauma and pulpitis3. It 
has been reported that trauma resulting from 
pulp extirpation increases HSP70 expression 
which compromise the cell walls of pulp tissue4. 
Pulp exposure induces HSP70 expression in the 
pulpal tissue, which is axonally transported to the 
trigeminal ganglion and released into the 
intercellular space in the trigeminal ganglion3. 
HSP70 have been proven to modulate the 
production of inflammatory cytokines, 
chemokines, and other mediators via regulating 
the intracellular signaling pathways, such as 
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MAPKs and NF-κB, and inflammatory mediators 
play critical roles in pain sensitization1. 

Extracellular or exosome-bound HSP70 
can bind to TLR2 or TLR4 and cause the 
activation of NF-κB and the production of TNF-α, 
IL-1β, and IL-65. Nuclear factor-kappaB (NF-κB) 
is a central mediator of pro-inflammatory gene 
induction and functions in both innate and 
adaptive immune cells. NF-κB represents a 
family of inducible transcription factors, which 
regulates a large array of genes involved in 
different processes of the immune and 
inflammatory responses6. According to previous 
studies, the damaged cells from pulp extirpation 
release HSP70 which results in increase of 
HSP70 and triggers NF-κB activation4. It was 
also found that NF-κB levels increased in the 
presence of HSP70 in periodontitis7. NF-κB is a 
transcription factor participated in immune 
responses which is the key factor for TNF-α 
mediated inflammation8,9. The upregulation of 
HSP70 plays a critical role in modulating LPS-
induced NF-κB activation and cytokine 
expression8,10-12. 

Activation of NF-κB signaling pathways 
promotes the productions of inflammatory 
mediators, such as bradykinins, prostaglandins, 
cytokines IL-6, IL-1β, TNF-α, and other 
mediators6. TNF-α is tremendously important for 
mammalian immunity, cellular homeostasis and 
also as a master regulator in balancing cell 
survival, apoptosis and necroptosis9. TNF-α 
contributes to the progression of dental pulp 
inflammation via activating both extracellular and 
intracellular pathways of protein degradation in 
the dental pulp tissue13. TNF-α induces biological 
activity by stimulating various tumour necrosis 
factor receptors (TNFRs) which interact with 
downstream adaptor proteins and provide 
specificity of responses toward a proinflammatory 
response14. The receptors expressed at the 
nociceptor’s peripheral terminal recognize and 
respond to those inflammatory molecules 
resulting in excitation of nerve fiber and 
sensitization of pain1. A recent study of pulps 
from patients diagnosed with irreversible pulpitis 
shows that TNF-α, which is potent mediator of 
pain, was expressed at relatively lower levels in 
pulp samples from asymptomatic to mild pain 
patient compared to those who reported higher 
pain15. The research aims to analyze the 
immunohistochemical picture of inflammation 
response in vital dental pulp tissue after pulp 

tissue extirpation or intervention with LPS 
administration followed by pulp tissue extirpation. 
The immunohistochemical picture was analysed 
based on neuroimmunological approach by 
exploring HSP70, NF-κB and TNF-α expression 
in macrophage cells. 
   

Materials and methods 
 

Research Samples 
This research is an experimental laboratory 

research with the research design post test only 
control group design. Data were analyzed 
statistically using ANOVA. In this study used 20 
Spraque Dawley rats were divided into 4 groups, 
each group consisting of 5 rats, which were the 
control group, the pulp tissue extirpation group, 
the LPS group and the LPS group with pulp 
tissue extirpation. Before intrapulpa LPS injection 
in mandibular incisors of Spraque Dawley rats, 
intraperitoneal anesthesia was done first with 
injection of ketamine (40-100 mg / kg) and 
xylaxine (5-13 mg / kg) in sterile PBS. 
Decaputation of teeth as high as interdental papil 
(3 mm) to obtain a flat plane by using a high 
speed handpiece with a fissure bur. The unit of 
analysis was taken from the mandibular incisors. 
Examination used immunohistochemical 
methods4. 

Research Methods 
Before extirpating of pulp tissue in the 

mandibular incisors of Spraque Dawley rats, 
anesthetics were first performed intraperitoneally 
with injection of ketamine (40-100 mg / kg) and 
xylaxine (5-13 mg / kg) in sterile PBS. After the 
perforation pulp chamber or after the roof of the 
pulp was open, pulp tissue was removed from 
the root canal by using the deepest needle of 21 
mm deep or less than 21 mm depending on the 
width of the area 1/3 of the apical root canal. 
After the needle was inserted into the root canal 
rotated 360 degrees and then pulled out4. 

After pulp tissue removal was completed in 
the treatment group, each jaw piece was fixed in 
10% neutral formalin buffer for 24 hours and was 
decalcified at 4% EDTA for 30 days then a 
paraffin block preparation was made. Sliced the 
tissue in a paraffin block with a thickness of 4 μm 
and then placed on the polysine slides and then 
put into a heater at 56-58 C overnight. 
Endogenous peroxidant activity was eliminated 
by incubating the incision in 3% hydrogen 
peroxide for 30 minutes at room temperature. A 4 
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μm periapocal tissue incision wa deparafined in 
xylol and rehydrated with graded alcohol and 
water (xylol 4x5 minutes, absolute alcohol for 5 
minutes, 95% alcohol for 5 minutes, 70% alcohol 
for 5 minutes then washed with running water for 
5 minutes) then Immunohistochemical staining 
was done using anti-rat monoclonal antibodies 
against HSP70, NF-κBand TNF-α. Reading 
preparations used a light microscope with 
magnification 1000 times16. 
 

Results 
 
In this study the results of HSP70, NF-

κBand TNF-α expression can be seen in table 1 
below: 
 

 
Table 1. Mean, standard deviations and sample 
sizes of HSP70, NF-κB and TNFα expression. 
 

 
Figure 1. Expressions of HSP70, NF-κBand 
TNF-α. 
 

Examination data in all treatment and 
control groups, the Kolmogorov Smirnov test 
showed normal results (p> 0.05) and the Levene 
test showed homogeneous results (p> 0.05) 
except HSP70 group has not homogeneity of 
homogeneous variants (p<0,05) can be seen in 
table 2 below. 
 
 

 
Table 2. Kolmogorov Smirnov and Levene test 
results for HSP70, NF-κBand TNF-α expression. 
 

To determine the differences in HSP70NF-
κBand TNF-α expression between treatment 
groups were performed with ANOVA statistical 
tests. The results of the ANOVA test obtained p 
value = 0.001 (p <0.05). This shows that there 
are significant differences in the expression of 
HSP70, NF-κBand TNF-α between the treatment 
groups. To find out which treatment groups are 
different, the Tukey HSD statistical tests were 
performed for NF-κBand TNF-α groups and 
Games-Howell statistical test for HSP70 group. 
The results of the Tukey HSD and Games-Howell 
statistical test can be seen in table 3 below. 
 

 
Table 3. Tukey HSD test results for NF-κBand 
TNF-α expression and Games-Howell test  result 
for HSP70 expression in the control group, pulp 
tissue extirpation, and LPS + pulp tissue 
extirpation. 
Note: G1 = Control; G2 = Pulp tissue extirpation group; G3 = LPS + 
pulp tissue extirpation. 
 

 
Figure 2. HSP expressions of all treatment 
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groups G1, G2, and G3. 
 

 
Figure 3. NF-κB expressions of all treatment 
groups G1, G2, and G3. 
 

 
Figure 4. TNF-α expressions of all treatment 
groups G1, G2, and G3. 
 

From table 3 and figure 2, 3, and 4 above it 
can be seen the expression of HSP70 between 
all treatment groups has a p value <0.05. This 
shows that there is a significant difference in 
HSP70 expression between all treatment groups). 
NF-κBexpression between all treatment groups 
have a p value <0.05. This shows that there is a 
significant difference in NF-κBexpression 
between all treatment groups. TNF-α expression 
between all treatment groups have a p value 
<0.05. This shows that there are significant 
differences in expression of TNF-α between all 
treatment groups. 
 

Discussion 
 

 The increase in HSP70 expression was 
caused by the inflammation of the pulp tissue after 

extirpation. Extirpation of the pulp tissue caused 
damage and causing HSP70 to leave the cells. The 
release of HSP70 from the cell was recognized by 
TLR4 on the surface of macrophage cells. It further 
activated Myd88 which triggered intracellular signal 
transduction resulting in IRAK activation. The 
activation of IRAK caused TRAF6 to phosphorylate 
the IKK inhibitors which triggered and inhibited I-κB. 
The I-κB was inactivated, and thus NF-κB could be 
activated. HSF as a transcription factor that 
unbinds with HSP70 would enter the cell nucleus 
causing the expression of HSP70. This increased 
HSP70 expressing cells. This result in line with 
previous observations, pulp extirpation which 
compromises the cell walls result in damaged cell 
that release HSP704. HSP70 expression in the 
tooth pulp following tooth pulp exposure likely 
contributes to IL-1RI upregulation through toll-like 
receptor 4 activation, resulting in the pathogenesis 
of tongue hypersensitivity3. HSP70 are expressed 
in PDL fibroblasts on the pressure side damaged 
by application of mechanical stress17. 

Extirpation of the pulp tissue caused an 
increase in the expression of NF-κB. The activation 
of NF-κB caused by increase of HSP70. Extirpation 
of the pulp tissue caused damage and release of 
HSP70 that activated Myd88 which triggered 
intracellular signal transduction resulting in IRAK 
activation. The activation of IRAK caused TRAF6 to 
phosphorylate the IKK inhibitors which triggered 
and inhibited I-κB. The I-κB was inactivated, and 
thus NF-κB could be activated. HSP70 functions  
intra- and extracellularly, both have been shown to 
modulate NF-κB activation. Extracellular HSP70 
can act as DAMP via TLR2 and TLR4, and thus 
can stimulate the immune responses leading to 
inflammation18.This result in line with those of 
previous studies that showed NF-κB activated in 
cells by a diverse range of stimuli, such as the TLR, 
antigen, and cytokine receptors, as well as physical 
and oxidative stress19. Enhanced 
expression/secretion of NF-κBdependent 
proinflammatory cytokines has been noted in 
response to extracellular HSP70 in the human lung 
cancer cells, dendritic cells, and monocytes, 
including interleukin (IL)-1β, IL-6, and TNF-α20.  

The increase TNF-α expression after pulp 
extirpation in this study was possibly due to an 
increase in HSP70 from macrophages in response 
to physical damage during extirpation. The damage 
will be recognized by Toll-Like Receptors (TLR)-4 
on macrophage cell surfaces and, subsequently, 
activate Myeloid differentiation primary response 88 
(Myd88), inducing intracellular signal transduction 
to activate Interleukin-1 Receptor-Associated 
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Kinase (IRAK) that recruits TNF receptor 
associated factor (TRAF-6). TRAF-6 will 
phosphorylate I-κB Kinase (IKK) inhibitor, thus 
activating I-κB kinase with the result that I-κB 
becomes inactive. Nuclear Factor Kappa B (NF-κB) 
may be activated and, in turn, actuate TNF-α. This 
result is in accordance with those of previous 
studies that confirmed that overexpression of TNF-
α occurs in pulp inflammation in patients with dental 
caries and pulpitis21. IL6, IL1-β and TNF-α 
expression were significantly upregulated after 3 
hours of LPS stimulation (Renard, 2016). During 
pulpitis, human dental pulp tissues express high 
levels of TNF-α and IFN-γ22. 

Bacterial infection is usually represented as 
the most important aetiological factor in pulpal and 
periapical diseases. Lipopolysaccharide (LPS) from 
the cell walls of Gram negative bacteria can 
penetrate the pulp and trigger the inflammatory 
response23. LPS constitutes a substance from 
gram-negative bacteria that can trigger an innate 
immune response. LPS is thought to promote 
cytokine/chemokine expression by binding to toll-
like receptors (TLR4 and/or TLR2), which engage 
either myeloid differentiation primary response 
gene 88 (MyD88)-dependent or MyD88-
independent pathways24. MyD88 recruits IL-1R-
associated kinase-4 (IRAK4), which subsequently 
recruits, activates and degrades IRAK1. IRAK1 
then combines with TNF-receptor-associated 
factor-6 (TRAF6) and activates the nuclear factor-
κB (NF-κB) and mitogen-activated protein kinase 
(MAPK) pathways, which play crucial roles in the 
induction of inflammatory mediators24. TRAF6 
subsequently activates HSF1 factor transcription, 
thus incresing the expression of HSP70. This result 
is similar with study by Pereira et al. (2017), who 
stated that periapical lesions cause an increase in 
macrophage infiltration, activation of inflammatory 
cascade in muscles and an intensification of 
HSP70 and LPS serum concentration in rats25,26. 

Level of HSP70 rises after LPS exposure and 
continue to increase because of mechanical trauma 
due to pulp extirpation.Pulp extirpation may 
damage the pulp cells and release HSP70 that will 
be recognized by the TLR-4 present on the surface 
of macrophage cells. The inflammation signal 
inside the cell may release HSP70 from 
macrophages to inhibit IKK and NF-κB, thereby 
preventing transcription of proinflammatory cytokine. 
HSF will infiltrate the nucleus and synthetize 
HSP70. This increase of HSP70 is similar with 
pervious study by Sampoerno et al. (2020) that 
showed higher expression of HSP70 after LPS 
induce and pulp extirpation4. 

In this  study we can  see that  acumulation of 
HSP 70 due to extirpation and LPS has decrease 
NF-κB and TNF-α. After stimulation with TLR4 
ligand such as LPS downstream TLR/MyD88-
dependent signaling results in activation of NF-κB 
mediated transcription of pro-inflammatory 
cytokines such as TNF-α and IL-6. HSP family may 
cross-talk with toll-like receptors to activate pro-
inflammatory signals, and play an important role in 
granuloma formation and immune protection. 
HSP70 may block the activation of NF-κB, and 
inhibit cytokine-mediated NF-κB nuclear 
translocation and subsequent pro-inflammatory 
cytokine release. Numerous data have proven that 
intracellular HSP70 can down regulate the NF-κB 
activity, overexpressed HSP70 blocks NF-κB 
activation and p50/p65 nuclear translocation 
through inhibition of IKK mediated IκB (NF-κB 
inhibitor) phosphorylation27. HSP70 exhibits an 
immunosuppressive activity via, e.g., 
downregulation of the nuclear factor-kappa B (NF-
κB) activation28. HSP70 inhibits the NF-κB signaling 
pathway leading to downregulation of IL-6, IL-8, 
and MCP-1. HSP70 upregulation significantly 
inhibited the LPS-induced expression of the pro 
inflammatory mediators TNF-α and IL-6, as well as 
NF-κB activation in canine macrophages8. 

The low expression of TNF-α may be caused 
by overexpression of HSP70 which inhibits TRAF-6 
to phosphorylate IKK inhibitors. Thus, NF-κB will 
not be activated which can decrease TNF-α 
expression. This result concurs with that of a 
previous study which showed negatively regulate 
production of the pro-inflammatory cytokines, such 
as TNF-α and IL-6, in monocytes exposed to TLR 
agonists and contributed to dampening of the 
inflammatory response by HSP7029. The other 
study showed that MMP-9, one of the several 
immune genes regulated by NF-κB, was reduced 
when Hsp70 was overexpressed30-32. Recombinant 
human HSP70 provoked IL-1α and IL-8 secretion, 
but IL-6 and TNF-α were not induced18. The 
administration of LPS followed by extirpation of the 
pulp tissue caused over-expression of HSP70 
which would inhibit TRAF6, causing a decrease in 
TNF-α4. 

 
Conclusions 
 
Pulp tissue extirpation causes increased 

expression of HSP70 in the pulp tissue. An increase in 
HSP70 causes an increase in NF-κBand TNF-α which 
causes pulp tissue inflamation. The decrease in NF-
κBand TNF-α after LPS administration followed by 
extirpation of pulp tissue is due to over expression of 
HSP70. Based on its molecular aspect, the extirpated 
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dental pulp (vital dental pulp) demonstrated a more 
pronounced inflamation response compared to that of 
LPS induction followed by pulp extirpation (inflammed 
vital pulp). 
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