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ARTICLE INFO ABSTRACT

Keywords: Background: Parathyroid hormone-related protein (PTHrP) is involved in intracellular calcium regulation,
Alzheimer’s disease neural cell proliferation and synaptic transmission. To date, no studies have been performed to evaluate the
Parathyroid hormone-related protein potential of PTHrP concentrations in cerebrospinal fluid (CSF) as a biomarker of brain pathophysiology. In this
PTHrP

study we evaluated the association between CSF concentrations of PTHrP with the core CSF biomarkers of
Alzheimer’s disease (AD).

Methods: PTHrP and calcium were analysed using validated mass spectrometry based methods in a set of CSF
samples that tested positive (n = 45) and negative (n = 45) for the AD biomarkers, including total tau protein
(T-tau), phosphorylated tau protein (P-tau) and amyloid-$ 42 (A(42). The measured CSF concentrations of
PTHrP and calcium (Ca) were evaluated for association with AD CSF biomarkers.

Results: PTHrP and Ca concentrations in CSF samples ranged between 25 and 137 pmol/L and 0.92-1.53 mmol/
L, respectively. Higher concentrations of PTHrP were observed in association with increased concentrations of T-
tau and P-tau in the AD and the control group; while a stronger correlation was observed in the control group
(p = 0.6, p < 0.0001; and p = 0.72, p < 0.0001, for T-tau and P-tau, respectively). Negative correlation was
observed between concentrations of PTHrP and AP42 in the AD group (p = 0.27, p = 0.015). A statistically
significantly lower ratio AB42/PTHrP was observed in the AD group (p < 0.0001).

Conclusion: In the current study, we observed an association of PTHrP concentrations with concentrations of
clinically used CSF biomarkers of AD. Concentrations of PTHrP were positively correlated with concentrations of
T-tau and P-tau, suggesting an association with neuronal secretion and function, which is reduced upon pro-
gression to AD pathology. Our data suggest potential utility of the AB42/PTHrP ratio in assessment of AD
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progression.
1. Introduction the brain, including intercellular neurofibrillary tangles consisting of
hyper-phosphorylated tau protein and extracellular plaques formed by
Alzheimer’s disease (AD) is the most prevalent neurodegenerative aggregated beta-amyloid peptides (AP) [1]. The exact mechanisms
disorder characterized by cognitive decline as a result of progressive underlying AD pathogenesis are still not fully understood, hampering
degeneration and loss of neurons and their synapses [1]. The neuro- development of therapeutic treatment strategies, while the leading
pathological hallmarks of AD include formation of protein deposits in hypothesis places amyloid aggregation and deposition upstream of

Abbreviations: AD, Alzheimer’s disease; CSF, cerebrospinal fluid; CNS, central nervous system; Ca, calcium; MS, mass spectrometry; LP, lumbar puncture; LC-MS/
MS, liquid chromatography tandem mass spectrometry; ICP-MS, inductively coupled plasma mass spectrometry; PTHrP, parathyroid hormone-related protein; >N
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total tau protein; P-tau, phosphorylated tau protein
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neurodegeneration and tau pathology [2].

Advanced methods, including mass spectrometry based targeted
proteomics, are essential for the discovery of novel biomarkers and
identification of targets for therapeutic intervention. Limited avail-
ability of sensitive and specific diagnostic markers is a major issue in
developing therapies and providing timely treatment for AD patients
[3]. The CSF biomarkers, total tau protein (T-tau), phosphorylated tau
protein (P-tau) and the 42 amino acid variant of AP (Ap42) allow di-
agnosis of AD in the early stages of the disease [4]; these biomarkers are
widely used in clinical practice [5-8]. Psychiatric symptoms occurring
in the elderly can be caused by various disorders; patients with beha-
vioral disorders can be misdiagnosed, since some of the symptoms
could be confused with AD [3]. Considering that the timing between
onset of psychiatric symptoms and cognitive decline is variable among
individuals, new biomarkers are needed to detect AD earlier, prior to
the appearance of cognitive symptoms, as well as to distinguish AD
from other neuropathologies [9,10]. The availability of new, reliable
AD biomarkers could allow diagnosis early in the disease process and
offer an improved selection of treatment strategies, which is expected to
be important in the future as more effective treatments for neurologic
diseases become available.

Parathyroid hormone related protein (PTHrP) is known to be in-
volved in intracellular calcium (Ca) regulation [11]. It has been re-
ported that PTHrP regulates calcium influx in neurons, and is involved
in neural cell proliferation, differentiation and maintenance of normal
neuronal synaptic transmission [12]. Despite these findings, which
suggest the importance of PTHrP in the brain and central nervous
system (CNS), studies aimed at direct measurement of PTHrP in CSF
either did not detect PTHrP [13], or reported PTHrP concentrations up
to 100 times lower than those observed in blood [14].

Liquid chromatography coupled to tandem mass spectrometry (LC-
MS/MS) has been increasingly used for routine diagnostic measurement
of peptide and protein biomarkers in biological samples [15-18]. Re-
cently, we developed and validated a method for measurement of
PTHrP [17]; the method is currently in routine use in a clinical diag-
nostic reference laboratory (ARUP Laboratories, Salt Lake City, USA).
Earlier, Kushnir et al. demonstrated poor analytical specificity and
sensitivity of commercial radioimmunoassay (RIA) for measurement of
PTHrP in plasma [17]. This could explain the inability to detect PTHrP
in CSF in the earlier studies [13,14].

In a separate study [19], we presented data on concentrations of
PTHrP and Ca in paired serum and CSF samples of individuals without
neurologic diseases, and established reference intervals for PTHrP and
Ca in CSF samples. The observed CSF PTHrP concentrations were
20-150 times higher than in serum, and were associated with age and
albumin index, suggesting that PTHrP may play a role in age-related
physiologic changes in the brain and in neuropathological diseases.

In this exploratory study, we analyzed PTHrP and calcium in a set of
CSF samples from patients with a biochemically defined AD diagnosis
versus a control group. The aims of this study were to evaluate the
association of CSF-PTHrP and calcium concentrations with currently
utilized CSF AD biomarkers, and to determine whether measurement of
PTHrP and calcium concentrations in CSF could have utility in diag-
nosing AD, as well as contribute to understanding its underlying pa-
thology.

2. Material and methods
2.1. Patient samples

Lumbar CSF samples were obtained from 45 patients (referred to as
the AD group, 22 men and 23 women, median age (range) 74 (57-87)
years) and 45 controls (referred to as the control group, 23 men and 22
women, median age (range) 68 (38-88) years). The CSF samples were
collected following a standardized protocol following recommendations
by the Clinical Neurochemistry Laboratory [3]. Lumbar puncture (LP)
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with CSF collection was performed following a standardized protocol
[3]. LP was performed in the morning, in the L3-L4 or L4-L5 lumbar
interspace. In the case of minor bleeding, the first 1-2 mL of CSF was
discarded, and then 10-12 mL of CSF was collected by the gravity drip
technique in a polypropylene tube to avoid absorption of hydrophobic
proteins to the tube walls. The samples were sent directly to the la-
boratory, centrifuged, aliquoted into 1.5 mL polypropylene cryovials,
and stored at —80 °C until analysis.

Participants of the AD group had cognitive deterioration and a CSF
biomarker profile indicative of AD (according to cut-off values pub-
lished in [20]), including increased T-tau (> 350ng/L) and P-tau
(> 60ng/L) and low AB42 (< 530 ng/L). In samples of from the con-
trol group, concentrations of all three CSF AD biomarkers were within
the reference intervals (T-tau < 350 ng/L, P-tau < 60ng/L, Ap42 >
530 ng/L); individuals included in this group did not have evidence of
AD pathology [20].

The samples were analyzed as two sets, the first set contained CSF
samples of 25 AD patients (14 men and 11 women) and 25 controls (16
men and 9 women), the second set contained CSF samples of 20 AD
patients (8 men and 12 women) and 20 controls (7 men and 13
women). The first and the second set of samples were analyzed for
PTHrP eight months apart. The CSF samples used for the present study
were de-identified left-over aliquots from routine clinical samples. The
study was approved by the Ethics Committee at University of
Gothenburg (Gothenburg, Sweden). A summary of the demographic
characteristics and the ranges of the observed concentrations of T-tau,
P-tau, A42, PTHrP, ratio AB42/PTHrP and Ca are shown in Table 1.

2.2. AD CSF biomarker measurements

CSF concentrations of T-tau, P-tau and AB42 were measured by
ELISA, as described previously [21-23]. The AD CSF biomarker ana-
lyses were performed at the Clinical Neurochemistry Laboratory
(Sahlgrenska University Hospital, Molndal, Sweden) using protocols
accredited by the Swedish Board for Accreditation and Conformity
Assessment (SWEDAC) by board-certified laboratory technologists who
were blinded to the clinical data.

2.3. Measurement of PTHrP

CSF PTHrP analysis [17] was performed at ARUP Laboratories (Salt
Lake City, UT, USA). PTHrP concentrations were determined using an
immune-precipitation LC-LC-ESI-MS/MS method [17]; sample pre-
paration and analysis was performed as follows: To a 200 uL aliquot of
CSF, 600puL of 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid

Table 1
Demographic characteristics of the participants and concentrations of the
measured biomarkers.*

AD group (n = 45)  Control group p-value
(n = 45)
Age, years 73 (57-87) 68 (38-88) 0.00378
Gender (men/women) 22/23 23/22 na
Total Tau (T-tau), ng/L 660 (450-1330) 244 (123-367) < 0.0001
Phospho Tau (P-tau), 75 (60-138) 39 (21-56) < 0.0001
ng/L

AB42, ng/L 390 (205-573) 718 (416-1032) < 0.0001
PTHrP, pmol/L 60 (25-137) 57 (27-107) 0.51
Calcium, mmol/L 1.20 (0.92-1.45) 1.20 (0.98-1.52) 0.38
Ratio AB42/PTHrP 1.38 (0.42-4.7) 2.88 (1.36-5.78)) < 0.0001

Among the samples of AD group 43 out of 45 samples had a PTHrP con-
centration within the reference interval for CSF [19]. In two samples, the
concentration was above the upper end of the reference interval; in all samples
of the control group PTHrP concentrations were within the reference interval
[19,25].

* Values represented median (central 95th percent of the distribution).
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Fig. 1. Box plots with distribution of PTHrP concentrations in association with concentrations of (a) T-tau, (b) P-tau, and (c) AB-42. The p-values shown represent the
statistical significance for the between-group differences. Filled markers correspond to patients diagnosed with AD.

buffer (HEPES, pH 7.4) and 20 pL of the internal standard (recombinant
15N PTHrP) were added, and the samples were incubated for 15 min.
After the incubation, 5uL of magnetic beads with conjugated anti-
PTHrP antibody were added, and the samples were incubated with
agitation at 10 °C for 3 h. The beads were washed with HEPES, trypsin
was added to the samples, and the samples were incubated at 37 °C for
3 h. After protein digestion, the supernatants were transferred into a 96-
well plate, and aliquots were analyzed on the LC-MS/MS instrument.

LC-MS/MS analysis was performed using a system consisting of
1260 and 1290 series HPLC pumps (Agilent Technologies, Santa Clara,
CA), and an AB 6500 triple quadrupole mass spectrometer (AB Sciex,
Framingham, MA) equipped with a V-spray ionization source running
in positive ion mode using multiple reaction monitoring (MRM). The
mass transitions monitored for PTHrP-specific peptide (105YLTQE-
TNK112) were m/z 498.75—720.35 and 499.25 — 721.35; mass
transitions of the internal standard were m/z 504.25—729.35 and
504.75 — 730.25. Qualitative confirmation of PTHrP was assessed
through the ratio of PTHrP concentrations determined from two mass
transitions of the targeted peptide and the internal standard. The ac-
ceptability range was + 30% [17,24]. Detailed information on mate-
rials and the method is provided in the Supplemental Materials.

The assay was fully validated for plasma samples according to the
CLSI guidelines; performance characteristics of the method for CSF
samples were established [17,25]. The limit of quantitation of the assay
was 0.3 pmol/L; the upper limit of linearity was 1100 pmol/L; the total
imprecision of the assay at concentrations of 1.3 and 600 pmol/L was
9.3% and 5.8%, respectively. Five calibration standards and five quality
controls were analyzed along with every set of samples.

2.4. Calcium measurement

Total Ca was measured in a subset of samples (25 AD patients and
25 controls) using a 7900 ICP-MS (Agilent, Santa Clara, CA) equipped
with a Teledyne MVX-7100 autosampler (Teledyne CETAC, Omabha,
NB). Sample preparation consisted of diluting 50 puL of CSF with 450 pL
of 1% nitric acid containing ethylenediaminetetraacetic acid (EDTA),
Triton-X, and an internal standard (Iridium). The quantitation of Ca was
performed using Ca isotope m/z 43. Calibrators and controls were from
an FDA approved assay for Ca measurements in serum (Roche
Diagnostics, Indianapolis, IN). The imprecision of the assay at 6.0 mg/
dL, 9.5 and 11.6 mg/dL was < 5%.

2.5. Statistical analyses

Baseline characteristics of the study population are summarized in
Table 1. For the data analysis, patients were classified as AD or non-AD
based on the concentrations of T-tau, P-tau and A42 according to cut-
off criteria specified by Hansson et al. [20]. All values are expressed as
medians and central 95th percentiles of the distribution. The between-
group comparisons were performed using nonparametric Wilcoxon
two-group tests for continuous variables; correlation between the
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variables was assessed using a Pearson regression analysis. A p-value
threshold of 0.05 was used for assessment of the statistical significance.
Statistical analyses were performed using JMP12 software (SAS In-
stitute, Cary, NC, USA).

3. Results
3.1. Distribution of PTHrP and Ca concentrations

In this study we measured PTHrP concentrations in CSF samples
using a novel validated mass spectrometry based method [17]. The
specificity of the PTHrP measurements was assessed in every sample by
monitoring two mass transitions of the measured PTHrP peptide and
the internal standard. In all study samples the ratio of the mass tran-
sitions was within the acceptance range utilized in the assay. Extracted
ion chromatograms and product ion mass spectra of the PTHrP specific
peptide and internal standard utilized in the method are shown on
Supplemental Fig. 1. The median concentrations and central 95th per-
cent of the distributions are summarized in Table 1 and Supplemental
Fig. 2.

3.2. Association of PTHrP concentrations with concentrations of the AD
biomarkers

The associations between CSF concentrations of PTHrP and the AD
biomarkers (T-tau, P-tau, AB42); were evaluated in a sample set from
patients diagnosed biochemically with AD [20,26] and in a control
group that had a negative AD biomarker profile and no evidence of AD
pathology. Distributions of PTHrP and Ca concentrations were not
significantly different between the AD and the control group (Table 1).
CSF-PTHrP concentrations were positively associated with CSF con-
centrations of T-tau (Fig. 1A) and P-tau (Fig. 1B); and negatively as-
sociated with concentrations of AB42 (Fig. 1C). The association be-
tween concentrations of P-tau and AB42 remained significant
(p = 0.017 and p = 0.011, respectively) after correcting for age of the
participants.

In the control group, concentrations of PTHrP correlated strongly
with T-tau (p < 0.0001, p = 0.60), P-tau (p < 0.0001, p = 0.72) but
not with AB42 (p = 0.084, p = 0.27) (Fig. 2). In contrast, the AD group
displayed a weak correlation of PTHrP with T-tau (p = 0.050 p = 0.29);
and P-tau (p = 0.0004, p = 0.50), while a negative correlation was
observed with AB42 (p = 0.015, p = —0.36) (Fig. 2).

3.3. Association of PTHrP and Ca concentrations with age

No statistically significant association was observed between PTHrP
concentrations and the age of the participants in the entire study group;
a trend towards a positive association of PTHrP concentration with age
was observed in the AD group (Supplemental Fig. 3a). A slight negative
trend was observed between AB42 and age in the AD (p = 0.16) and the
control group (p = 0.024) (Supplemental Fig. 4a,c). No statistically
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Fig. 2. Association between concentrations of PTHrP and (a, d) T-tau, (b, e) P-tau, and (c, f) AB-42 in AD (a, b, ¢) (n = 45) and in control (d, e, f) (n = 45) groups.

significant difference was observed in the distribution of T-tau, P-tau,
AB42 or PTHrP concentrations between samples from men and women
(data not shown). A trend towards a positive association between CSF
Ca with age was observed in the control group (p = 0.09, p = 0.35), but
not in the AD group (p = 0.99, p = —0.001, data not shown).

Due to the fact that AB42 correlated inversely with PTHrP (Fig. 2c)
and PTHrP, in the AD group, correlated positively with age
(Supplemental Fig. 3), we examined the ability of the ratio A42/PTHrP
to distinguish samples of the AD and the control groups, as well as
association of the ratio with age. Lower AP42/PTHrP ratios
(p < 0.0001, Fig. 3c) were observed in the AD group. A trend towards
lower AP42/PTHrP ratios in association with age (p = 0.19) was ob-
served in the samples of the AD group (Fig. 3a); when the AB42/PTHrP
ratios were normalized to the median value observed in the study, the
association became significant (p = 0.039 Supplemental Fig. 4b). No
association with age was observed in the control group (Fig. 3b and
Supplemental Fig. 4d).

Ratios AB42/T-tau and AB42/P-tau were also evaluated for their
ability to distinguish samples from the AD and the control groups.
Lower AP42/T-tau ratios and higher Ap42/P-tau (both p < 0.0001,
Supplemental Fig. 5¢,f) were observed in samples of the AD group. No
association with age was observed for AB42/T-tau in the AD and the
control groups; a positive association with age was observed for A42/
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o

P-tau in the AD (p = 0.0077, p = —0.393) and the control groups
(p = 0.028, p = 0.328; Supplemental Fig. 5d,e).

4. Discussion

CSF biomarkers play important role in the assessment of patients
with neurological symptoms [27-29]. The aim of this study was to in-
vestigate the association of CSF concentrations of PTHrP with con-
centrations of the AD biomarkers T-tau, P-tau and APB42; and to de-
termine whether measurement of PTHrP concentrations in CSF could
have utility in diagnosing AD. In our earlier study [19] we determined
that PTHrP is a normal constituent of human CSF, with concentrations,
on average, 50 times higher than serum-PTHrP. CSF-PTHrP con-
centrations were significantly associated with serum-PTHrP, were
higher in older individuals, and lower in individuals with higher al-
bumin indices. Considering the above, we hypothesized that PTHrP
concentrations in CSF could be associated with age-related physiologic
changes in the brain and with neurologic conditions.

4.1. CSF-PTHrP

In the present study, we used an LC-MS/MS method [17] to de-
termine PTHrP concentrations in CSF samples from AD patients and a

6

]
- B >
s p=0.21 b p=0.98 . € p<0.0001

4 == s = > [ ]
. 0=-0.19 u N 0=0.005 N
= — > B> =
T T > T 4 -
— [ l>[> > =
& & > > > >
o~ o~ > O ~N 3
A 3 pk Ll S 3

3 [ <
<é <° > > R << 2
P — > B > 0
© © > B > ©
o e ? > B% e 1
>
>
C"' 0 &5 0 75 g0 85 S 1<~ 5 70 0 S0 0 AD Control
55 €0 65 70 75 & & S0 30 40 50 €0 70 &0 S0 = SRS
Age Age Group

Fig. 3. Association of AB42/PTHrP ratio with age; a — AD group (n = 45); b — control group (n = 45); ¢ — box plot with distribution of the AB42/PTHrP ratio in the

AD and the control group.



M.M. Kushnir, et al.

control group and observed a trend to positive association of PTHrP
concentrations with concentrations of T-tau and P-tau; and a trend to
negative association with AB42 (Fig. 1a—c). No statistically significant
difference was observed in the distribution of PTHrP concentrations
between the AD and control groups; while PTHrP concentrations were
higher in the AD group (Table 1).

The presence of PTHrP in CSF could be a consequence of the release
of intracellular PTHrP from neurons and might, therefore, reflect neu-
ronal secretion, general cellular integrity and neuronal function. In
earlier studies, mRNA encoding PTHrP was found to be expressed
within nerve cells in the brain [30]. PTHrP mRNA was detected in
neurons within the cerebral and cerebellar cortex, as well as in dentate
granule cells, cornus ammonis pyramidal neurons and large dentate
hilar interneurons of the hippocampal formation [30], all of which are
involved in memory formation circuits. All of these neuronal cell types
are characterized by high electric activity [31] and generation of
transmembrane calcium flux [12,32], which may explain the high
PTHrP concentrations observed in CSF samples in this study. Interest-
ingly, the correlation of PTHrP concentrations with concentrations of T-
tau and P-Tau was stronger in the control group than in the AD group.
This suggests that CSF-PTHrP may reflect neuronal secretion and CSF
turnover dynamics, which is reduced in AD. While these are affected in
AD, the data suggest that the observed correlation of PTHrP in CSF with
T-tau and P-tau is not specific for AD pathology. CSF-PTHrP may,
therefore, be a housekeeping protein, and could be useful for assess-
ment of neuronal function and CSF turnover.

Based on the current clinical practice, the main application of di-
agnostic measurements of PTHrP is confirmation of suspected hy-
percalcemia of malignancy. A high prevalence of hypercalcemia was
reported in AD patients [33,34], which, based on observations from this
study, could be a consequence of higher CSF-PTHrP concentrations in
AD patients in combination with a compromised blood-brain barrier
[35].

The study samples were analyzed in two batches, with an 8 month
interval between the analyses; similar trends in the between-group
comparison were observed when data analysis was performed for the
first and the second set of samples, separately. In order to assess the
potential bias caused by measurements performed 8 months apart, we
evaluated the between-run/day imprecision of PTHrP measurements
for two quality control samples analyzed in 20 routine batches of
samples. The between-run/day imprecision for measurements in sam-
ples containing 4.4 and 11.8 pmol/L of PTHrP was 13.4% and 12.2%,
respectively.

In our earlier study [19], we evaluated PTHrP storage stability in
CSF samples; no changes in PTHrP concentrations were observed after
CSF sample storage at ambient conditions for 72 h.

4.2. CSF-CA

Earlier it was shown that PTHrP is involved in Ca regulation in
various regions of brain [14,36-38]. Considering this, we analyzed a
subset of the study samples for Ca using ICP-MS. No difference in CSF-
Ca concentrations was observed between the AD and the control
groups, suggesting that CSF-Ca concentrations are independent of the
AD pathology. A trend towards positive association of Ca concentra-
tions with age was observed in the control group, while not in the AD
group. No association of CSF-Ca with CSF-PTHrP and AD biomarkers
was observed in the analyzed samples, suggesting that concentrations of
PTHrP in extracellular space are not associated with a known functional
role.

4.3. Ratio CSF-AB42/CSF-PTHrP
In individuals without AD, AB42 concentrations are higher than in

AD patients [20], while a trend towards higher CSF-PTHrP was ob-
served in AD patients (Table 1). The fact, that in AD, concentrations of
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AP42 and PTHrP are inversely associated (Fig. 2C), suggests that the
release of PTHrP could be related to neuronal degeneration. In con-
sideration of this, we evaluated the AB42/PTHrP ratio for its ability to
distinguish patients of the AD and the control groups. The A42/PTHrP
ratio was found to be significantly lower in the AD group (Fig. 3C).
Based on the above findings, and the fact that AB42 is inversely
associated with T-tau and P-tau, we evaluated the APB42/T-tau and
AB42/P-tau ratios for the ability to distinguish samples from the AD and
the control groups. Lower AB42/T-tau and higher APB42/P-tau ratios
(Supplemental Fig. 5c,f) were observed in samples of the AD group.

4.4. Association of CSF-PTHrP and ratio CSF-Af342/CSF-PTHrP with age

Our data demonstrate opposite trends in association of PTHrP and
AB42 concentrations with age in AD patients, with higher PTHrP and
lower AB42 in older individuals (Supplemental Figs. 3 and 4a,c). A
statistically significant negative association was observed between the
AP42/PTHrP ratio and age in the AD group, while there was no asso-
ciation in the control group (Supplemental Fig. 4b,d). No association
with age was observed for the AB42/T-tau ratio; a positive association
with age was observed for AB42/P-tau in both, the AD and the control
groups (Supplemental Fig. 5d,e). Considering the above, the Ap42/
PTHrP ratio could be useful for diagnosing AD onset and progression in
older individuals.

4.5. Strength and limitations of the study

In this study, the samples were analyzed for PTHrP using clinically
and analytically validated mass spectrometry based method [17]. At the
time of the analysis the samples were blinded and no information on
either the diagnoses of the participants or concentrations of the CSF
biomarkers was available until the testing was completed. One limita-
tion of the study is that patients in the AD group were significantly
older than the patients in the control group, although applying a cor-
rection for the participants age did not reduce the level of statistical
significance for the observed associations.

5. Conclusions

In this study, PTHrP and Ca concentrations were measured in CSF
samples of AD patients and controls. PTHrP and Ca quantification was
performed using mass spectrometry based methods. Concentrations of
PTHrP were positively associated with concentrations of T-tau and P-
tau in both the AD and the control group, although the degree of as-
sociation was not as strong in the AD group. Neither PTHrP nor Ca
concentrations were significantly different between the AD group and
the control group. In the AD group, concentrations of PTHrP and Af42
were inversely associated, with lower AB42/PTHrP concentration ratios
observed in the AD group than in the controls. Higher PTHrP con-
centrations and lower AB42 concentrations were observed in older AD
patients, suggesting potential utility of the AB42/PTHrP ratio in con-
firmation of AD diagnosis and as a marker of disease progression in
older individuals. While, based on the data from this study, PTHrP is
not a specific marker for AD pathology, it has the potential to serve as a
complementary marker for monitoring neuronal function and integrity.
More studies are needed to assess the clinical utility of PTHrP in asso-
ciation with AD and other neurodegenerative diseases.
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