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and secretory immunoglobulin A in saliva of patients with dementia
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Abstract

The prevalence of pain and dementia increases with age, affecting a significant percentage of the population due to aging.
Both pathologies are connected through the inflammatory process, specifically through the tumor necrosis factor. The effect
of this cytokine is mediated through the modulation of its TNFRI and TNFRII receptors, which are linked to the dementia
process. In addition, immunoglobulins such as secretory immunoglobulin A (sIgA) have been recognized as one of the main
biomarkers of pain in saliva. STNFRII and sIgA levels were determined in saliva samples by ELISA from healthy people
and patients with dementia in GDS stages 5—7. The concentrations of these markers were also correlated with the GDS stage
and sex. We observed a significant decrease (*** p <0.001) in the levels of sTNFRII (pg/mL) and a significant increase
(** p<0.01) in the levels of sIgA (ng/mL) in the saliva of patients with dementia compared to the healthy control group.
We did not observe a correlation with the data of the biomarkers regarding the GDS stage and sex. The results obtained for
sTNFRII are consistent with those obtained by other authors on brain tissue, who conclude that unopposed neuronal TNFRI
signaling, when TNFRII is selectively downregulated, leads to a more severe course of AD pathogenesis. Regarding sIgA,
the elevated values of sIgA may reflect the immune status of these patients. Therefore, these biomarkers can provide us with
relevant information through a non-invasive method such as saliva analysis.
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Introduction

The origin of pain in neurodegenerative diseases is mul-
tifactorial, whether it is nociceptive or neuropathic, with
both occurring in some cases. The prevalence of pain and
dementia increases with age [17] In fact, around 38 to 75%
of patients with Alzheimer’s disease (AD), the most com-
mon form of dementia, show painful symptoms in addition
to other clinical disorders [15, 16].

The activation of pain mechanisms is mediated by
the modification of levels of inflammatory cytokines,
chemokines, and microglial activation responsible for neu-
roinflammation [33]. One of the main cytokines affected in
the inflammatory response is tumor necrosis factor (TNF),
even in neurodegenerative diseases such as AD [19, 30, 41].
Tumor necrosis factor is part of a complex system for which
two variants, called TNFa and TNFp, have been described
that exert their effects via binding to cell surface receptors,
TNFRI and TNFRII. Both receptor types exhibit high affin-
ity binding for both TNFa and TNFp. The two receptor
types are immunologically different, yet their extracellular
domains exhibit similarities in the pattern of cysteine residue
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placements in four domains [18]. Soluble TNF receptors I
and IT (sTNFRI and sTNFRII) are released by proteolytic
cleavage of the extracellular domains of these receptors
where it binds to circulating TNF and functions to attenuate
TNF-mediated inflammation [42, 46].

Soluble receptors for TNF are released in response to
changes in circulating TNF levels and can stabilize the activ-
ity of TNF by gradually binding and releasing the cytokine,
thereby regulating its bioavailability. Therefore, soluble
TNF receptors are considered more reliable markers of TNF
activity than TNF itself [3].

In this context, TNFa has been proposed to play a role in
the pathophysiological process of AD through its signaling
[5, 28, 41]. In this signaling process, it is important to con-
sider the dynamics of TNF levels and its soluble receptors
sTNFRI and sTNRII, and as these markers can inform about
the levels and chronicity of the immune response in patients
with frontotemporal dementia [48].

The signaling function of TNF occurs through the trans-
membrane receptors, which are expressed and regulated dif-
ferently. TNFRI is constitutively expressed in most tissues,
while the expression of TNFRII is induced and restricted to
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specific cell populations, such as hematopoietic cells, micro-
glia, neurons, and endothelial cells [4, 49]. In the signaling
process mediated by TNF, the nuclear factor kappa p (NF-p)
also participates. Both have been associated with AD and
mild cognitive impairment [27, 31, 35, 49], suggesting a
possible relationship with the neurodegenerative process.
In fact, the temporal expression of TNF and NF-«xf} in AD
could be critical to understanding the pathophysiology of
this dementia and improving the development of therapeutic
strategies, both for the pathological process, [35, 39] and for
addressing pain in these patients.

In this context, NF-kf has been involved in regulating
proinflammatory mediators implicated in pain [26, 50, 51].
Thus, TNFa and its soluble receptors [7, 25, 50] can directly
influence pain or interact with other inflammatory mediators
that are part of NF-kB-mediated pain processes [26, 29, 45].

Recently, secretory immunoglobulin A (sIgA) has been
recognized as one of the main biomarkers of pain present in
saliva [44], as it is released in response to pain and emotional
stress. sIgA is considered an antibody present in various
external secretions, such as saliva, tears, milk, and intestinal
mucosa, with unique structural and functional characteristics
that are not observed in other classes of antibodies [23, 34,
47]. Although the classical function of sIgA is considered
to be the elimination of pathogens through immune exclu-
sion, it also participates in specific immunity provoked by
pathogens [12]. For this reason, it is considered one of the
most relevant proteins present on the mucosal surface and
has a high value as an index of immunity. However, it has
also been shown that sIgA plays an important role in the
inflammatory process, being involved in the proinflamma-
tory activation of intestinal epithelial cells [20].

In this regard, results from our laboratory regarding the
levels of sIgA in saliva in patients with dementia and com-
munication incapacity showed a positive correlation with the
data obtained from the pain assessment in advanced demen-
tia (PAINAD) scale, which is an observational pain scale
validated by our group. The PAINAD scale assesses pain in
patients with advanced dementia based on five behavioral
indicators: breathing, vocalization, facial expression, body
language, and consolability. Additionally, we have observed
a positive correlation between sIgA levels and sSTNFRII lev-
els in this group of patients, with pain prediction ranging
between 97.3 and 96.2%, according to the PAINAD scale
[9].

In this study, the levels of pain biomarkers sTNFRII and
sIgA are described in healthy individuals over 65 years old as
well as in patients over 65 years old diagnosed with dementia
and communication inability, and their correlation with the
GDS stage of the patients is analyzed, to understand the use-
fulness of these biomarkers in evaluating the development of
the painful/inflammatory process throughout the pathological
evolution of the disease during its moderate-advanced stage.

Sex differences are also analyzed, as it is one of the main risk
factors associated with dementia.

Materials and methods
Design

This study was a secondary analysis of data collected in
a case-control study carried out in healthcare districts in
Andalusian provinces, located in the south of Spain, through
the Andalusian network of Primary Care centers and institu-
tions dedicated to the care of patients with dementia.

Selection criteria and participants

The study involved 221 participants, divided into two
groups: 96 cases and 125 controls. The control group con-
sisted of individuals over 65 years of age with no diagnosis
of cognitive impairment, while the experimental group con-
sisted of patients with dementia and/or Alzheimer’s disease.
To be included in the study, patients had to meet the follow-
ing criteria:

e Age of 65 years or older.

¢ Diagnosis of dementia or AD with a GDS score between
Sand7.

¢ Diagnosis of probable or possible AD according to the
National Institute of Neurological and Communicative
Disorders and Stroke/Alzheimer’s Disease and Related
Disorders Association criteria.

e Inability to communicate verbally.

e Receiving healthcare at the community level for at least
3 months due to a diagnosis of dementia.

e Having a relative or legal representative who could pro-
vide informed consent for the patient’s participation in
the study.

Patients with dementia were recruited consecutively by
the interventional nurses among the subjects under their
care in their healthcare institution. All patients meeting the
inclusion criteria were included in the study. Furthermore,
controls were recruited simultaneously from the surround-
ing environment of participants with dementia and/or in the
area of influence of the recruitment healthcare centers. In
this sense, controls were selected from individuals within
the same age range as the participants with dementia who
were willing to participate in the study.

Sample collection
The saliva samples were collected using the passive drool

method, according to the method described by Golatowski
et al.[24];
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1. Subjects were not allowed to engage in physical exer-
cise, eat, ingest any drinks (except for water), chew gum,
brush their teeth, or consume caffeine for the 2 h prior
to sample collection in the present study.

2. Five minutes before sample collection, the subjects were
asked to rinse their mouth with clean water to reduce
contamination of saliva with food debris. Before starting
the sample collection, any saliva present in the mouth
was to be swallowed.

3. The saliva accumulated in the mouth for 5 min was
deposited in a collection tube, with a minimum volume
of 1 mL required. If the 5 mL collection tube was filled
before those 5 min, the corresponding amount of time
elapsed was recorded.

The GDS was determined by the research team at sam-
ple collection or, if available and not older than 3 months,
collected from the clinical record. Saliva samples were col-
lected in a clinical setting under supervision, ensuring that
the previously mentioned criteria were always met.

Determination of salivary biomarkers

After collection, the samples centrifuged at 3000 g for
15 min in the cold; the supernatant was stored at — 80 °C
until used for subsequent assays to determine salivary
biomarkers.

Human TNFRII/TNFRSF1B immunoassay

The samples were measured using a human TNFRII ELISA
kit (R & D Systems, Minneapolis, MN, USA), following the
manufacturer’s instructions. The recombinant protein rep-
resents the non-glycosylated, N-terminal methionyl form of
the natural human soluble Type II receptor for TNF. The
sensitivity of detection ranged from 0.2 to 2.3 pg/mL. The
mean minimum detectable dose (MDD) was 0.6 pg/mL.

Human slgA immunoassay

sIgA levels were measured using the ELISA kit (Cloud-
clone Corp), following the manufacturer instructions. The
sensitivity of detection ranged from 0.14 to 100 ng/mL. The
minimum detectable dose was typically less than 0.07 ng/
mL. In addition, Bradford’s method was the one used for the
determination of total protein levels in saliva.

Statistics

Descriptive statistics were used to summarize the charac-
teristics of the sample, and the results are presented as the
mean + standard error. The statistical tests used to evaluate
differences in biomarker levels between two groups were
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one-way ANOVA followed by a Student—Newman—Keuls
test. The ANOVA test was also used to assess the correlation
between the levels of sSTNFRII and sIgA with GDS. Finally,
the Student’s t test was used to examine the relationship
between STNFRII and sIgA levels with sex. The level of
statistical significance was set at p <0.05.

Ethics

This study was conducted in accordance with the principles
set forth in the Belmont Report and the Helsinki Declara-
tion (updated at the Seoul Assembly in 2008) for biomedical
research. A Patient Information Sheet (PIS) was provided to
all individuals included in this study. For the experimental
group, it was given to family members or legal representa-
tives of the candidates to provide them with information
about the general aspects of the study. Written informed con-
sent was obtained and voluntarily signed by the patient's
relative or legal representative. All participants were allowed
to withdraw consent to participate at any time during the
process. Data confidentiality and subject anonymity were
always guaranteed. In this sense, the study was approved
by all participating centers and the Ethics Committee for
Research of Andalusia (Acta n®271, ref. 3672, approved on
December 5, 2017).

Results

Out of the 173 subjects in the sample, 75 (43.35%) had
dementia, while 98 (56.65%) did not. In terms of general
sociodemographic characteristics, 40 (23.12%) were men
and 133 (76.88%) were women, with a mean age of 79.13
years (SD=8.25). Table 1 provides a breakdown of this
information by group.

In Fig. 1A, salivary levels of sSTNFRII (pg/mL) are shown
for healthy controls and patients with dementia and inability
to communicate. The results indicate a significant decrease
(»<£0.001) in sSTNFRII levels among patients with dementia
and inability to communicate compared to healthy controls.

In Fig. 1B, salivary levels of sIgA (ng/mL) are shown for
healthy controls and patients with dementia and inability
to communicate. The results indicate a significant increase
(»<£0.01) in sIgA levels among patients with dementia and
inability to communicate compared to healthy controls.

With regard to the correlation study conducted on the
GDS, the observed values were 33.3395 (SD =50.0174) for
patients in stage GDS-5, 32.5312 (SD=40.2673) for those
in stage GDS-6, and 37.0946 (SD =39.9548) for patients in
stage GDS-7. Thus, the values of sSTNFRII of patients with
dementia and inability to communicate did not differ based
on GDS (p=0.6344).
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Table 1 Socio-demographic characteristics of cases and controls

Dementia patients

Sex %(n)
Men 21.33 (16)
Women 78.67 (59)
Age (years)
Mean (SD) 84.41 (7.44)
Maximum-minimum 95-65
Type of dementia % (1)
Alzheimer’s type dementia 74.67 (56)
Vascular dementia 10.67 (8)
Mixed dementia 14.66 (11)
Global impairment scale % (n)
GDS-5 17.33 (13)
GDS-6 38.67 (29)
GDS-7 44 (33)
Healthy patients’ controls
Sex %(n)
Men 24.49 (24)
Women 75.51 (74)
Age (years)
Mean (SD) 75.08 (6.36)
Maximum-Minimum 94-65

With respect to the data obtained for sIgA, for
those patients in stage GDS-5, it was 11,021.9704
(SD=11,988.0597); for patients with GDS-6, it was
22,861.2694 (SD=42,242.0738); and for patients with
GDS-7, it was 31,266.0656 (SD =36,182.0136). Thus, its
values in patients with dementia with inability to communi-
cate do not differ based on GDS (p=0.1788).

Finally, the data obtained regarding the correlation
between the levels of STNFRII and sIgA with sex in patients
with dementia showed that there are no differences based
on sex. For sSTNFRII, the values in patients with demen-
tia were, for men, 24.4706 (SD=32.4135) and 38.2210
(SD=43.2598) for women. For sIgA (p=0.5930), the
values were 20,811.2450 (SD=22,013.6586) for men and
25,489.9435 (SD =38,938.0765) for women. Therefore, the
values in patients with dementia with the inability to com-
municate do not differ according to sex neither for sSTNFRII
nor for sIgA.

Discussion

The link between inflammation and pain is particularly rel-
evant in patients with dementia. Cao et al. [10] describe
that neuroinflammation resulting from microglial proinflam-
matory activation in brain areas that mediate the affective
component of pain and cognition influences both chronic
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Fig.1 Levels of sTNFRII (pg/mL) (A) and levels of sIgA (ng/
mL) (B) in the saliva of patients with dementia and communica-
tion impairment compared to the healthy control group. Results are
expressed as mean+ SEM. *** p <0.001; **p <0.01

pain and the development of AD. This is because micro-
glial proinflammatory activation promotes the release of
proinflammatory molecules that include TNF-a, interleukin
(IL)-1p, IL-6, and inducible nitric oxide synthase (iNOS),
a process similar to that caused by a state of chronic pain,
where proinflammatory microglia releases cytokines and
chemokines associated with inflammation, such as IL-6,
IL-1p, and TNF-a [6, 32].

In the present study, we have observed a significant
decrease in the levels of sSTNFRII, as well as a significant
increase in the levels of salivary sIgA in individuals with
dementia and communication impairment, compared to the
control group, where 74.67% of the patients with dementia
had a diagnosis of AD, 14.66% had a diagnosis of mixed
dementia, and 10.67% had vascular dementia.

Pathophysiologically, AD, the most common diagnosis
within dementia, is characterized as a neurodegenerative
process characterized by the formation of 3-amyloid plaques,
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loss of synapses, inflammation, and neuronal death. All of
these circumstances lead to severe memory loss and cog-
nitive impairment. Regarding the associated neuroinflam-
matory process, an increase in levels of proinflammatory
cytokines has been reported, as we mentioned before. In
fact, in brain tissue affected by AD, microglia co-localize
intimately with B-amyloid peptide plaques, where it acts as
the main source of proinflammatory mediators [36].

In this context, TNF, a pleiotropic proinflammatory
cytokine, increases as the deposition of 3-amyloid plaques
increases, suggesting that TNF-a type levels reflect the
pathological progression of AD [38]. In this sense, sev-
eral groups have elucidated divergent signaling pathways
for TNFRI and TNFRII in neurons. Hippocampal neuron
survival is unaffected in culture in the absence of TNFRI,
according to Yang et al. [52], but neurons lacking TNFRII
are extremely sensitive to TNF at concentrations as low as
100 pmol/L. In the later stages of the disease in 3xTg-AD
mice, persistent suppression of TNFRII selectively increases
the amyloid charge and rises Tau hyperphosphorylation.

However, in terms of their levels of expression in
human brain tissue, the levels of TNFRI protein increase,
while the levels of TNFRII decrease in patients with AD
compared to brain tissue from non-demented individuals.
These results obtained by Cheng et al. [14] are consistent
with those obtained in the present study regarding the sig-
nificant decrease observed in salivary sTNFRII levels in
patients with dementia, and with the information reported
by Montgomery et al. [38], where they conclude that unop-
posed neuronal TNFRI signaling, when TNFRII is selec-
tively downregulated, leads to a more severe course of AD
pathogenesis. That is, low neuronal/brain levels of TNFRII
are associated with worsening pathology. However, in the
correlation study conducted between the GDS stage of the
patients and the levels of salivary sTNFRII protein, we did
not observe a positive correlation, nor did we observe a posi-
tive correlation with the sex variable, which was considered
in this study, since female sex is an important risk factor for
developing late-onset Alzheimer’s disease [43]. The results
obtained may be due to the small sample size for each GDS
stage, and to the fact that both biomarkers associated with
pain could be involved in specific pathophysiological events
of advanced pathology, regardless of sex. It should also be
noted that the previously described results were carried out
on brain tissue, while our study used saliva samples.

The results related to the determination of salivary
sTNFRII in the context of dementia, to our knowledge, are
practically non-existent, although authors, such as Sobas
et al. [44], have determined this receptor in saliva in the
context of pain, which has allowed it to be established
as a biomarker of pain [9]. In this sense, we must point
out that the scientific literature describes saliva as a bio-
logical fluid that not only contains a high variety of useful
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metabolites as specific biomarkers for the early detection
of various pathologies, but also contains exosomes of vari-
ous cellular origin, including brain tissue. In fact, it has
been suggested that exosomes play an important role in
the pathogenesis and dissemination of inflammatory dis-
eases, in addition to a recognized potential as biomarkers
and/or therapeutic vehicles [8]. Indeed, reactive microglia
releases exosomes that transport various proinflammatory
cytokines such as IL-1f or the processing enzyme IL-1
caspase-1, which can induce and propagate inflammatory
reactions throughout the brain. Even exosomes enriched
in the LICAM protein, implicated in the processing of the
amyloid precursor peptide (APP), which plays a decisive
role in the neuropathology of AD, have been described
[11, 21, 22]. Another important fact to assess these results
is the description, in the late 1990s, of the significant cor-
relation between the levels detected in saliva of sTNFal-
phaRII and those obtained in plasma [40]. Thus, a positive
correlation was shown between plasma levels of sSTNFRII
with gray matter atrophy involving temporal poles, pre-
cuneus, and cerebellum in patients with frontotemporal
dementia [48].

Regarding sIgA and its relationship with dementia, our
results show an increase that it is possible that reflects
the immune status of these patients. Advanced stages of
dementia often cause complications, such as immobility,
swallowing disorders, and malnutrition, which signifi-
cantly increase the risk of serious acute conditions that
can cause death [1, 2]. The patients with dementia in our
study were in moderate-to-advanced stages, where the
mentioned circumstances could be present. Additionally,
in this situation, they are more susceptible to respiratory
conditions, with pneumonia being the most commonly
identified immediate cause of death among older adults
with AD or other dementias [1, 2]. Since most infectious
agents enter the body through mucosal surfaces, sIgA is
one of the first lines of defense against respiratory, intes-
tinal, and urogenital infections, as well as against peri-
odontal disease and tooth decay [37]. Recently, a cohort
study described that patients with chronic periodontitis
for at least 10 years had a higher risk of developing AD,
but they also had a higher prevalence of hyperlipidemia,
depression, traumatic brain injury, and comorbidities than
patients without periodontitis [13], all factors also linked
to the diagnosis of AD.

Previous data from our laboratory showed a positive
correlation between salivary sTNFRII and sIgA levels
and those obtained in the observational PAINAD scale,
which would indicate that although both molecules are
involved in the pain process in people with dementia and
communication incapacity, they would also be involved
in particular and specific inflammatory processes of Alz-
heimer’s disease.
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Conclusion

The determination of the sTNFRII and sIgA biomarkers
in saliva in states of dementia is extremely relevant in
our view due to two main aspects; first, because we have
obtained results comparable to those obtained in brain tis-
sue for sSTNFRII in a fluid such as saliva; second, it allows
us to assess its determination in early stages, which would
allow us, together with other tools, to assess the progres-
sion of the Alzheimer’s disease and even consider certain
biomarkers, especially sSTNFRII, as a potential comple-
mentary non-invasive tool for the diagnosis of dementia.
However, we consider that additional studies including a
larger number of samples and analysis in patient groups
within a wider range of GDS are necessary.

Acknowledgements This study was supported by Junta de Andalucia
through a regional health research fund (Research Code: PI-0357—
2017). The authors would like to thank the patients and families who
participated in the recruitment process, as well as the institutions
“Asociacion San Rafael de Alzheimer y otras demencias” (Cérdoba),
Residencia de mayores de Fundacién Gerén de Villaharta (Cérdoba),
Residencia de Jestis Nazareno (Cérdoba) y Residencia de Mayores
Altos del Jontoya (Jaén).

Author contributions Designed research/study: VC-H, MR-R, and
MPC-G, performed research/study: VC-H, MR-R, and MPC-G,
contributed important reagents: MJR-E and JMM-M, collected data
and analyzed data: VC-H, JMM-M, and MPC-G; edited, wrote, and
reviewed the article: VC-H, MR-R, JIMM-M, MJR-E, and MPC-G. All
authors read and approved the final manuscript.

Declarations

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. (2022) 2022 Alzheimer’s disease facts and figures. Alzheimer’s
Dement J Alzheimer’s Assoc 18:700-789

2. (2023) 2023 Alzheimer’s disease facts and figures. Alzheimer’s
Dement J Alzheimer’s Assoc 19:1598-1695

3. Aderka D (1996) The potential biological and clinical signifi-
cance of the soluble tumor necrosis factor receptors. Cytokine
Growth Factor Rev 7:231-240

4. Aggarwal BB (2000) Tumour necrosis factors receptor associ-
ated signalling molecules and their role in activation of apop-
tosis, jnk and nf-kappab. Ann Rheum Dis 59(Suppl 1):i6-16

5. Alquezar C, de la Encarnacion A, Moreno F, Lopez de Munain
A, Martin-Requero A (2016) Progranulin deficiency induces
overactivation of wnt5a expression via tnf-alpha/nf-kappab
pathway in peripheral cells from frontotemporal dementia-
linked granulin mutation carriers. J Psychiatry Neuroscience
JPN 41:225-239

6. Barcelon EE, Cho WH, Jun SB, Lee SJ (2019) Brain microglial
activation in chronic pain-associated affective disorder. Front
Neurosci 13:213

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24

Birklein F, Drummond PD, Li W, Schlereth T, Albrecht N,
Finch PM, Dawson LF, Clark JD, Kingery WS (2014) Activa-
tion of cutaneous immune responses in complex regional pain
syndrome. J Pain 15:485-495

Buzas EI, Gyorgy B, Nagy G, Falus A, Gay S (2014) Emerging
role of extracellular vesicles in inflammatory diseases. Nat Rev
Rheumatol 10:356-364

Canton-Habas V, Rich-Ruiz M, Moreno-Casbas MT, Ramirez-
Exposito MJ, Martinez-Martos JM, Carrera-Gonzalez MDP
(2021) Correlation between biomarkers of pain in saliva and
painad scale in elderly people with cognitive impairment and
inability to communicate. Journal Clin Med 10(7):1424

Cao S, Fisher DW, Yu T, Dong H (2019) The link between
chronic pain and Alzheimer’s disease. J] Neuroinflammation
16:204

Colombo M, Raposo G, Thery C (2014) Biogenesis, secretion,
and intercellular interactions of exosomes and other extracellular
vesicles. Annu Rev Cell Dev Biol 30:255-289

Corthesy B (2013) Multi-faceted functions of secretory iga at
mucosal surfaces. Front Immunol 4:185

Chen CK, Wu YT, Chang YC (2017) Association between chronic
periodontitis and the risk of Alzheimer’s disease: a retrospective,
population-based, matched-cohort study. Alzheimer’s Res Ther
9:56

Cheng X, Yang L, He P, Li R, Shen Y (2010) Differential acti-
vation of tumor necrosis factor receptors distinguishes between
brains from Alzheimer’s disease and non-demented patients. J
Alzheimer’s Dis JAD 19:621-630

de Tommaso M, Arendt-Nielsen L, Defrin R, Kunz M, Picker-
ing G, Valeriani M (2016) Pain assessment in neurodegenerative
diseases. Behav Neurol 2016:2949358

de Tommaso M, Arendt-Nielsen L, Defrin R, Kunz M, Pickering
G, Valeriani M (2016) Pain in neurodegenerative disease: current
knowledge and future perspectives. Behav Neurol 2016:7576292
Defrin R, Amanzio M, de Tommaso M, Dimova V, Filipovic S,
Finn DP, Gimenez-Llort L, Invitto S, Jensen-Dahm C, Lauten-
bacher S, Oosterman JM, Petrini L, Pick CG, Pickering G, Vase
L, Kunz M (2015) Experimental pain processing in individuals
with cognitive impairment: current state of the science. Pain
156:1396-1408

Dembic Z, Loetscher H, Gubler U, Pan YC, Lahm HW, Gentz R,
Brockhaus M, Lesslauer W (1990) Two human tnf receptors have
similar extracellular, but distinct intracellular, domain sequences.
Cytokine 2:231-237

Diniz BS, Teixeira AL, Ojopi EB, Talib LL, Mendonca VA, Gat-
taz WF, Forlenza OV (2010) Higher serum stnfr1 level predicts
conversion from mild cognitive impairment to Alzheimer’s dis-
ease. J Alzheimer’s Dis : JAD 22:1305-1311

Fernandez MI, Pedron T, Tournebize R, Olivo-Marin JC, Sanson-
etti PJ, Phalipon A (2003) Anti-inflammatory role for intracellular
dimeric immunoglobulin a by neutralization of lipopolysaccharide
in epithelial cells. Immunity 18:739-749

Fruhbeis C, Frohlich D, Kuo WP, Amphornrat J, Thilemann S,
Saab AS, Kirchhoff F, Mobius W, Goebbels S, Nave KA, Schnei-
der A, Simons M, Klugmann M, Trotter J, Kramer-Albers EM
(2013) Neurotransmitter-triggered transfer of exosomes mediates
oligodendrocyte-neuron communication. PLoS Biol 11:e1001604
Fruhbeis C, Frohlich D, Kuo WP, Kramer-Albers EM (2013)
Extracellular vesicles as mediators of neuron-glia communica-
tion. Front Cell Neurosci 7:182

Gleeson M (2000) Mucosal immune responses and risk of respira-
tory illness in elite athletes. Exerc Immunol Rev 6:5-42
Golatowski C, Salazar MG, Dhople VM, Hammer E, Kocher T,
Jehmlich N, Volker U (2013) Comparative evaluation of saliva
collection methods for proteome analysis. Clin Chim Acta
419:42-46. https://doi.org/10.1016/j.cca.2013.01.013

@ Springer


https://doi.org/10.1016/j.cca.2013.01.013

European Archives of Psychiatry and Clinical Neuroscience

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Gonzalez-Clemente JM, Mauricio D, Richart C, Broch M, Caixas
A, Megia A, Gimenez-Palop O, Simon I, Martinez-Riquelme A,
Gimenez-Perez G, Vendrell J (2005) Diabetic neuropathy is asso-
ciated with activation of the tnf-alpha system in subjects with type
1 diabetes mellitus. Clin Endocrinol 63:525-529

Haddad JJ (2007) On the enigma of pain and hyperalgesia:
a molecular perspective. Biochem Biophys Res Commun
353:217-224

Khan-Mohammadi-Khorrami MK, Asle-Rousta M, Rahnema M,
Amini R (2022) Neuroprotective effect of alpha-pinene is medi-
ated by suppression of the tnf-alpha/nf-kappab pathway in Alz-
heimer’s disease rat model. J Biochem Mol Toxicol 36:¢23006
Krabbe G, Minami SS, Etchegaray JI, Taneja P, Djukic B, Dava-
los D, Le D, Lo I, Zhan L, Reichert MC, Sayed F, Merlini M,
Ward ME, Perry DC, Lee SE, Sias A, Parkhurst CN, Gan WB,
Akassoglou K, Miller BL, Farese RV Jr, Gan L (2017) Microglial
nfkappab-tnfalpha hyperactivation induces obsessive-compulsive
behavior in mouse models of progranulin-deficient frontotemporal
dementia. Proc Natl Acad Sci USA 114:5029-5034

Lawrence T (2009) The nuclear factor nf-kappab pathway in
inflammation. Cold Spring Harb Perspect Biol 1:a001651

Ledo JH, Azevedo EP, Beckman D, Ribeiro FC, Santos LE,
Razolli DS, Kincheski GC, Melo HM, Bellio M, Teixeira AL, Vel-
loso LA, Foguel D, De Felice FG, Ferreira ST (2016) Cross talk
between brain innate immunity and serotonin signaling underlies
depressive-like behavior induced by Alzheimer’s amyloid-beta oli-
gomers in mice. J Neurosci Off J Soc Neurosci 36:12106-12116
Li Y, Fan H, Ni M, Zhang W, Fang F, Sun J, Lyu P, Ma P (2022)
Etanercept reduces neuron injury and neuroinflammation via inac-
tivating c-jun n-terminal kinase and nuclear factor-kappab path-
ways in Alzheimer’s disease: an in vitro and in vivo investigation.
Neuroscience 484:140-150

Liu'Y, Zhou LJ, Wang J, Li D, Ren WJ, Peng J, Wei X, Xu T, Xin
W1, Pang RP, Li YY, Qin ZH, Murugan M, Mattson MP, Wu LJ,
Liu XG (2017) Tnf-alpha differentially regulates synaptic plastic-
ity in the hippocampus and spinal cord by microglia-dependent
mechanisms after peripheral nerve injury. J Neurosci Off J Soc
Neurosci 37:871-881

Lurie DI (2018) An integrative approach to neuroinflammation
in psychiatric disorders and neuropathic pain. J Exp Neurosci
12:1179069518793639

Macpherson AJ, McCoy KD, Johansen FE, Brandtzaeg P (2008)
The immune geography of iga induction and function. Mucosal
Immunol 1:11-22

McCoy MK, Tansey MG (2008) Tnf signaling inhibition in the
cns: Implications for normal brain function and neurodegenerative
disease. J Neuroinflammation 5:45

Meda L, Cassatella MA, Szendrei GI, Otvos L Jr, Baron P, Villa-
Iba M, Ferrari D, Rossi F (1995) Activation of microglial cells by
beta-amyloid protein and interferon-gamma. Nature 374:647-650
Molnar DS, Granger DA, Shisler S, Eiden RD (2018) Prenatal
and postnatal cigarette and cannabis exposure: effects on secre-
tory immunoglobulin a in early childhood. Neurotoxicol Teratol
67:31-36

Montgomery SL, Narrow WC, Mastrangelo MA, Olschowka JA,
O’Banion MK, Bowers WJ (2013) Chronic neuron- and age-selec-
tive down-regulation of tnf receptor expression in triple-transgenic
Alzheimer disease mice leads to significant modulation of amy-
loid- and tau-related pathologies. Am J Pathol 182:2285-2297

@ Springer

39.

40.

41

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Nagae T, Araki K, Shimoda Y, Sue LI, Beach TG, Konishi Y
(2016) Cytokines and cytokine receptors involved in the patho-
genesis of Alzheimer’s disease. J Clin Cell Immunol 7:4. https://
doi.org/10.4172/2155-9899.1000441

Nishanian P, Aziz N, Chung J, Detels R, Fahey JL (1998) Oral
fluids as an alternative to serum for measurement of markers of
immune activation. Clin Diagn Lab Immunol 5:507-512

Rauf A, Badoni H, Abu-Izneid T, Olatunde A, Rahman MM,
Painuli S, Semwal P, Wilairatana P, Mubarak MS (2022) Neuro-
inflammatory markers: key indicators in the pathology of neuro-
degenerative diseases. Molecules 27(10):3194

Salai KHT, Wu LY, Chong JR, Chai YL, Gyanwali B, Robert C,
Hilal S, Venketasubramanian N, Dawe GS, Chen CP, Lai MKP
(2023) Elevated soluble tnf-receptor 1 in the serum of prede-
mentia subjects with cerebral small vessel disease. Biomolecules
13(3):525

Scheyer O, Rahman A, Hristov H, Berkowitz C, Isaacson RS, Diaz
Brinton R, Mosconi L (2018) Female sex and Alzheimer’s risk:
the menopause connection. J Prev Alzheimer’s Dis 5:225-230
Sobas EM, Reinoso R, Cuadrado-Asensio R, Fernandez I, Mal-
donado MJ, Pastor JC (2016) Reliability of potential pain bio-
markers in the saliva of healthy subjects: inter-individual differ-
ences and intersession variability. PLoS ONE 11:e0166976
Sommer C, Kress M (2004) Recent findings on how proinflamma-
tory cytokines cause pain: peripheral mechanisms in inflammatory
and neuropathic hyperalgesia. Neurosci Lett 361:184—187
Spoettl T, Hausmann M, Klebl F, Dirmeier A, Klump B, Hoft-
mann J, Herfarth H, Timmer A, Rogler G (2007) Serum soluble
tnf receptor i and ii levels correlate with disease activity in ibd
patients. Inflamm Bowel Dis 13:727-732

Trochimiak T, Hubner-Wozniak E (2012) Effect of exercise on the
level of immunoglobulin a in saliva. Biol Sport 29:255-261
Vieira ELM, Caramelli P, Rocha NP, Freitas Cardoso MDG, de
Miranda AS, Teixeira AL, de Souza LC (2021) Tumor necrosis
factor superfamily molecules are increased in behavioral variant
frontotemporal dementia and correlate with cortical atrophy: an
exploratory investigation. J] Neuroimmunol 354:577531

Wajant H, Pfizenmaier K, Scheurich P (2003) Tumor necrosis
factor signaling. Cell Death Differ 10:45-65

Watkins LR, Goehler LE, Relton J, Brewer MT, Maier SF (1995)
Mechanisms of tumor necrosis factor-alpha (tnf-alpha) hyperal-
gesia. Brain Res 692:244-250

Watkins LR, Maier SF, Goehler LE (1995) Immune activation:
the role of pro-inflammatory cytokines in inflammation, illness
responses and pathological pain states. Pain 63:289-302

Yang L, Lindholm K, Konishi Y, Li R, Shen Y (2002) Target
depletion of distinct tumor necrosis factor receptor subtypes
reveals hippocampal neuron death and survival through differ-
ent signal transduction pathways. J Neurosci Off J Soc Neurosci
22:3025-3032

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.4172/2155-9899.1000441
https://doi.org/10.4172/2155-9899.1000441

	Determination of soluble tumor necrosis factor receptor II and secretory immunoglobulin A in saliva of patients with dementia
	Abstract
	Graphical abstract

	Introduction
	Materials and methods
	Design
	Selection criteria and participants
	Sample collection
	Determination of salivary biomarkers
	Human TNFRIITNFRSF1B immunoassay
	Human sIgA immunoassay

	Statistics
	Ethics

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References


