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Abstract

Background: Novel human parathyroid hormone (hPTH) peptides of unknown biological 

activity have recently been identified in the serum of subjects with normal renal function, chronic 

renal failure, and end-stage renal disease through the application of liquid chromatography-high 

resolution mass spectrometry.

Purpose of experiments: To determine the bioactivity of these peptides, we synthesized 

hPTH28–84, hPTH38–84, and hPTH45–84 peptides by solid phase peptide synthesis and tested 

their bioactivity in MC3T3-E1 mouse osteoblasts, either individually or together with the native 

hormone, hPTH1–84, by assessing the accumulation of 3´,5´-cyclic adenosine monophosphate 

(cAMP) and the induction of alkaline phosphatase activity.

Results: Increasing doses of hPTH1–84 (1–100 nM) increased the accumulation of cAMP 

and alkaline phosphatase activity in osteoblasts. hPTH28–84, hPTH38–84, and hPTH45–84 in 

concentrations of 1–100 nM were biologically inert. Surprisingly, 100 nM hPTH38–84 and 

hPTH45–84 increased the accumulation of cAMP in osteoblasts treated with increasing amounts 

of hPTH1–84. Human PTH28–84 had no effects on cAMP activity alone or in combination with 

hPTH1–84. Conversely, 100 nM hPTH38–84, hPTH45–84, and hPTH28–84 blocked the activation 

of alkaline phosphatase activity by hPTH1–84.
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Conclusions: The data show that the short carboxyl-terminal hPTH peptides, hPTH38–84 and 

hPTH45–84, increase the amount of cellular cAMP generated in cultured osteoblasts in response 

to treatment with full-length hPTH1–84 when compared to full-length hPTH1–84 alone. Human 

PTH28–84 had no effect on cAMP activity alone or in combination with hPTH1–84. Human 

PTH28–84, hPTH38–84 and hPTH45–84 reduced the effects of hPTH1–84 in osteoblasts with 

respect to the induction of alkaline phosphatase activity compared to hPTH1–84 alone. Short 

carboxyl peptides of human PTH are biologically inert but when administered together with 

full-length hPTH1–84 modulate the bioactivity of hPTH1–84 in osteoblasts.
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1. Introduction

We recently identified 8 novel human parathyroid hormone (hPTH) peptides (hPTH28–84, 

hPTH34–77, hPTH34–84, hPTH37–77, hPTH37–84, hPTH38–77, hPTH38–84, hPTH45–

84) in the serum of subjects with normal renal function, chronic renal failure (CRF), 

and end-stage renal disease (ESRD) using liquid chromatography-high resolution mass 

spectrometry (LC-HRMS) [1]. We showed that concentrations of hPTH peptides increased 

dramatically when glomerular filtration rate decreased below 17–23 mL/min/1.73 m2 [1]. 

Previous investigators have suggested the occurrence of some, but not all, of these peptides 

using less stringent analytical techniques such as matrix-assisted laser desorption mass 

spectrometry (MADI-TOF) and selected reaction monitoring-mass spectrometry following 

immunocapture and proteolysis of captured peptides [2,3]. Surprisingly, no information is 

available concerning the bioactivity of these hPTH peptides in cell culture or in vivo.

To characterize the bioactivity of these hPTH peptides, we synthesized 3 of the peptides 

(hPTH28–84, hPTH38–84, and hPTH45–84) by solid phase peptide synthesis [4,5] and 

tested their bioactivity in MC3T3-E1 osteoblasts alone or in combination with recombinant, 

full-length hPTH1–84. We examined the capacity of these hPTH peptides to alter the 
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accumulation of cAMP and their ability to alter alkaline phosphatase activity in mouse 

osteoblasts [6–8].

We demonstrate that carboxyl-terminal hPTH peptides (hPTH28–84, hPTH38–84, and 

hPTH45–84) are biologically inert in MC3T3-E1 mouse osteoblasts and are unable to 

increase cAMP production or alkaline phosphatase activity in the cells. We found that 

human PTH38–84 and hPTH45–84 potentiate the activity of full-length hPTH1–84 by 

increasing intra-cellular cAMP, whereas hPTH28–84 does not. cAMP generated in cells 

following treatment with hPTH1–84 is increased two-fold upon the pre-treatment of 

cells with hPTH38–84 and hPTH45–84. Alkaline phosphatase activity decreased upon 

pre-treatment of cells with hPTH28–84, hPTH38–84, and hPTH45–84 prior to the addition 

of recombinant, full length, hPTH1–84. The data demonstrate that short carboxyl terminal 

peptides of hPTH modulate the activity of full length hPTH1-84; and that increases in 

cAMP can be dissociated from changes in alkaline phosphatase activity in bone cells. 

The mechanism of action of these short carboxyl terminal hPTH peptides requires further 

investigation in cells and in vivo.

2. Materials and methods

2.1 Cell culture

MC3T3-E1 Subclone 4 cells were obtained from American Type Culture Collection (ATCC, 

Manassas, VA, USA), and were maintained in α-MEM complete culture medium containing 

10% fetal bovine serum (FBS), 100 μg/mL streptomycin, and 100 U/mL penicillin G sodium 

[9].

2.2 Reagents

Forskolin (>98% purity) and 3-isobutyl-methylxanthine (IBMX, >99% purity) were 

obtained from Sigma (St. Louis, MO, USA). Stock concentrations of forskolin and IBMX 

were prepared at concentrations of 1 mM and 45 mM in ethanol, respectively. hPTH1–84 

was biosynthesized, purified (see below), and stored in low protein binding microcentrifuge 

tubes at −80 °C. hPTH28–84, hPTH38–84, and hPTH45–84 were prepared in the Mayo 

Clinic peptide core facility and were stored in 1% bovine serum albumin (BSA) in 

phosphate buffered saline (PBS) at −80 °C (stock concentration 1 μM).

2.3 Expression and purification of hPTH1–84

Human hPTH1–84 (SVSEIQLMHN LGKHLNSMER VEWLRKKLQD VHNFVALGAP 

LAPRDAGSQR PRKKEDNVLV ESHEKSLGEA DKADVNVLTK AKSQ) (GenBank 

NP_000306.1) was expressed in BL21 Star™ (DE3) Escherichia coli using a codon 

optimized DNA sequence with a N-terminal 6x-histidine tag and a Tobacco Etch Virus 

(TEV) protease site (ENLYFQ/S) 3’ in the pET-28a(+) plasmid vector (GenScript, 

Piscataway, NJ, USA) [10–13]. BL21 Star™ (DE3) Escherichia coli cells were transformed 

with the recombinant plasmid and plated on Luria broth (LB) agar plates containing 40 

μg/mL kanamycin. Colonies from this plate were used to prepare bacterial starter cultures 

in three 2 L culture flasks, each containing 600 mL of 2x YT media. Bacterial starter 

culture flasks were grown at 37 °C for 24 hours with shaking at 240 rpm. Bacterial starter 
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cultures (50 mL) were used to inoculate 36 flasks, 2 L culture flasks each containing 

600 mL of 2X YT media and 40 μg/mL kanamycin. The bacterial cultures were grown 

in a shaker incubator at 37 °C with 240 rpm shaking to an optical density of 0.8 at 600 

nm. His-tagged hPTH1–84 expression was induced by the addition of 0.5 mM isopropyl 

β-D-1-thiogalactopyranoside (IPTG) for 6 hours. Following protein induction, the bacterial 

cultures were centrifuged at 7000 × g, at 4 °C, for 15 minutes. Cells were resuspended in 

buffer A (50 mM Tris-base, 250 mM NaCl, 30 mM imidazole, 5 mM β-mercaptoethanol, 

0.5 mM EDTA, 1 mM PMSF, pH 7.5), lysed with a BeadBeater containing 1 mm glass 

beads (BioSpec Products, Bartlesville, OK, USA) at 4 °C (20 cycles of 20 seconds on/2 

minutes off with cooling using an ice jacket). The homogenate was centrifuged at 26000 

g, 4 °C, for 30 minutes. The crude bacterial extract (supernatant) was incubated with 12 

mL Ni Sepharose 6 Fast Flow beads (GE Healthcare Life Sciences; pre-equilibrated with 

wash buffer) at 4 °C, for 90 minutes. The resin beads were washed three times with 

buffer B (50 mM Tris-base, 250 mM NaCl, 30 mM imidazole, 5 mM β-mercaptoethanol, 

pH 7.5) and loaded onto a 2.5 × 10 cm chromatography column (DWK Life Sciences, 

Millville, NJ, USA) equilibrated with buffer B. The column of resin beads was initially 

washed with 100 mL of buffer B containing 5 mM ATP disodium trihydrate/5 mm MgCl2 

and then was extensively washed with 1000 mL of buffer B using a peristaltic pump at 

4 °C. On-column cleavage of his-tagged hPTH1–84 was performed in a reaction buffer 

C (50 mM Tris-base, 200 mM NaCl, 20 mM imidazole, 1 mM DTT, 1 mM EDTA, pH 

7.5). His-tagged TEV protease (Creative Enzymes, Shirley, NY, USA) reconstituted in 

buffer D (25 mM Tris-base, 200 mM NaCl, 10 mM imidazole, 1 mM DTT, 0.05 mM 

EDTA, 50% glycerol, pH 7.5) was added to the column, at a ratio of 1:1 (v/v), at 4 °C 

without shaking for 48 hours. The cleaved hPTH1–84 was collected in the flow through. 

The identity and purity of protein was confirmed by Coomassie stained sodium dodecyl 

sulphate–polyacrylamide gel electrophoresis (SDS-PAGE), peptide mapping using trypsin 

and AspN proteases, and mass spectrometry. The stock hPTH1–84 (1μM) was stored in low 

protein binding microcentrifuge tubes at −80 °C.

2.4 hPTH peptide synthesis

hPTH peptides were synthesized by Fmoc solid phase methods on preloaded glutamine 

Wang resin (Novabiochem) [4,5]. Each peptide chain was assembled from Nα-Fmoc 

protected amino acids on a Liberty Blue Microwave-Assisted Peptide Synthesizer (CEM 

Corp.) according to the manufacturer’s coupling and deprotection protocols. After synthesis 

each peptide was cleaved from its resin support by acidolysis with a solution of 

trifluoroacetic acid containing 2.5 % water (v/v) and 2.5% triisopropylsilane (v/v) and 2.5% 

3,6, dioxa-1,8-octanedithiol (v/v) for 30min at 42 °C. The crude peptide was then purified 

by preparative RP-HPLC using an aqueous acetonitrile gradient containing 1 % TFA (v/v) 

on a reverse-phase C18 column (Phenomenex Jupiter 15μ; 250 × 21.2 mm). The mass weight 

was verified by mass spectrometry on an Agilent InfinityLab LC/MSD instrument. Peptide 

homogeneity was confirmed by analytical RP-HPLC.

2.5 Quantitation of 3’,5’-cyclic adenosine monophosphate (cAMP) in osteoblasts

MC3T3-E1 cells were cultured in 24-well plates at a seeding density of 3 × 104 cells 

per well and grown in a cell incubator with 5% CO2 at 37 °C for 24 hours to 80–90% 

Kritmetapak et al. Page 4

Biochem Biophys Res Commun. Author manuscript; available in PMC 2022 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



confluence. Cells were treated with: 1) Culture medium; 2) 10 μM forskolin; 3) hPTH1–

84 at concentrations of 1, 3, 10, 50, or 100 nM with or without 100 nM hPTH peptides 

(hPTH28–84, hPTH38–84, or hPTH45–84) or 4) hPTH28–84, hPTH38–84, or hPTH45–84 

at concentrations of 1, 3, 10, 50, or 100 nM. All wells contained 1 mM IBMX to inhibit 

phosphodiesterase activity. Cells in hPTH1–84 plus hPTH peptide groups were pretreated 

with 500 μL of 100 nM hPTH peptides (hPTH28–84, hPTH38–84, or hPTH45–84) for 

2 hours. Cells in other groups were pretreated with fresh culture media. Cells were then 

treated with either culture media, forskolin (10 μM), or hPTH1–84 (1, 3, 10, 50, 100 nM) 

with or without 100 nM hPTH peptide (hPTH28–84, hPTH38–84, or hPTH45–84) for 30 

minutes. Following incubation, cell culture medium was removed from culture plate wells, 

and cells in each well were lysed with 500 μL of 1% Triton X-100 in 1 M HCl on the 

plate shaker at room temperature for 20 minutes. The cell lysates were transferred to 1.5 

mL microcentrifuge tubes and centrifuged at 10000 × g for 5 minutes. The supernatants 

were collected for measurement of cAMP concentration using cAMP Complete ELISA Kit 

(Abcam, Cambridge, MA, USA) according to the manufacturer’s protocol.

2.6 Quantitation of alkaline phosphatase activity in osteoblasts

MC3T3-E1 Subclone 4 cells were cultured in 24-well plates at a seeding density of 3 × 104 

cells per well and grown in a cell incubator with 5% CO2 at 37 °C for 48 hours in α-MEM 

complete culture medium containing 10% FBS, 100 μg/mL streptomycin, and 100 U/mL 

penicillin G sodium. After cells had reached 100% confluency, cell culture medium was 

replaced with differentiation medium (α-MEM with 10% FBS, 100 μg/mL ascorbic acid, 10 

mM β-glycerophosphate, 1.5 mM K3PO4) every 48 hours. At seven days of differentiation, 

the medium was removed from culture plates and cells were treated with culture medium 

(negative control), forskolin (10 μM; positive control), or hPTH1–84 (1, 3, 10, 50, 100, 1000 

nM) with or without 100 nM hPTH peptides (hPTH28–84, hPTH38–84, or hPTH45–84) 

for 24 hours. The medium was then removed from culture plates, and cells were rinsed 

twice with 1 mL of PBS per well and were frozen at −20 °C for 2 hours. For analysis, 

cells were chemically lysed with 500 μL of RIPA lysis buffer (50 mM Tris-base, 150 mM 

NaCl, 1% NP-40, 0.5% sodium deoxycholate, 1% sodium dodecylsulfate, pH 8.0) on the 

plate shaker at room temperature for 20 minutes. Cells were scraped from culture plates, 

transferred to 1.5 mL microcentrifuge tubes, and centrifuged at 10000 × g for 5 minutes. The 

supernatants were collected for measurement of alkaline phosphatase activity at 360/450 

nm using QuantiFluo™ Alkaline Phosphatase Assay Kit (BioAssay Systems, Hayward, CA, 

USA) according to the manufacturer’s protocol.

2.7 Statistical analysis

Results were expressed as the mean±SD. The significance of differences between two 

groups was assessed by the Student t-test in GraphPad Prism 9 software. P-values less than 

0.05 were considered statistically significant.

3. Results

Despite overwhelming data concerning the presence of circulating carboxyl-terminal hPTH 

peptides in patients with normal and impaired renal function, no information has been 
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published concerning the bioactivity of these peptides [1–3]. Full-length hPTH1–84 is 

known to increase cAMP concentrations in responsive cells, including osteoblasts, by 

binding to the hPTH1 receptor, activating the G(s) α-subunit of G proteins and increasing 

adenylate cyclase and alkaline phosphatase activity [6–8,14–22]. We examined the 

bioactivity of hPTH28–84, hPTH38–84, and hPTH45–84 in MC3T3-E1 mouse osteoblasts 

by assessing the effect of peptide addition alone or together with full-length hPTH1–84 

on intra-cellular cAMP and alkaline phosphatase. We found that the 3 hPTH peptides 

were biologically inert when administered individually to MC3T3-E1 osteoblasts -- no 

changes in cAMP concentration were observed following treatment of osteoblasts with the 

aforementioned hPTH peptides (Figure 1). As expected hPTH1–84 in concentrations of 

1 to 100 nM showed robust increases in cAMP from 0 to 87.06±26.05 pmol/mL cAMP, 

respectively. The adenylyl cyclase stimulator, forskolin, increased intracellular cAMP 

generation.

To ascertain whether hPTH peptides altered the bioactivity of full-length hPTH1–84, we 

pre-treated MC3T3-E1 osteoblast cells with hPTH28–84, hPTH38–84, and hPTH45–84. To 

our surprise, we found that 100nM hPTH38–84 and hPTH45 −84 significantly increased 

the bioactivity of full-length hPTH1–84 (p <0.01). cAMP concentrations in cells pre-treated 

with hPTH38–84 and hPTH45–84 before treatment with hPTH1–84, were almost twice as 

high as those obtained following treatment with hPTH1–84 alone. Pre-treatment of cells 

with hPTH28–84 had no significant effect on full-length hPTH1–84 cAMP response (Figure 

2).

PTH1–84 increases alkaline phosphatase activity in cultured osteoblasts [6,8,23.]. We 

examined the effects of hPTH1–84 and carboxyl-terminal hPTH peptides on alkaline 

phosphatase activity in differentiated MC3T3-E1 cells. After 7 days of differentiation, cells 

were treated either with hPTH1–84 in increasing concentrations alone (1, 3, 10, 50, and 

100 nM), with individual hPTH peptides (hPTH28–84, hPTH38–84, hPTH45–84), or a 

combination of hPTH1–84 and hPTH peptides. Increasing concentrations of hPTH1–84 

enhanced alkaline phosphatase activity in MC3T3-E1 cells in a dose-dependent manner 

(Figure 3). Human PTH28–84, hPTH38–84, and hPTH45–84 did not change alkaline 

phosphatase activity when added individually to MC3T3-E1 cells (Figure 3). Pre-treatment 

of MC3T3-E1 cells with hPTH28–84, hPTH38–84 or hPTH45–84 blocked hPTH1–84 

mediated increases in alkaline phosphatase activity following treatment with hPTH1–84 

(Figure 4).

4. Discussion

We recently identified and quantified hPTH1–84 and hPTH peptides (hPTH28–84, 

hPTH34–77, hPTH34–84, hPTH37–77, hPTH37–84, hPTH38–77, hPTH38–84, hPTH45–

84) using LC-HRMS in human subjects with varying renal function [1]. These peptides are 

generated by processing of full-length PTH1–84 in the liver and kidney. Human PTH is 

synthesized in parathyroid glands as 115-amino acid preproPTH molecule that is cleaved in 

the endoplasmic reticulum of the parathyroid cell to yield a 90-amino acid proPTH moiety. 

ProPTH is subsequently processed in the Golgi complex to yield bioactive full-length 

PTH1–84 [24] that is released into the circulation. Circulating PTH1–84 is cleared by 
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hepatic Kupffer cells which process PTH1–84 into amino-terminal and carboxyl-terminal 

PTH peptides [25,26]. The former peptides are degraded in situ, whereas carboxyl-terminal 

PTH peptides are released into the circulation to be cleared by the kidneys [27–29]. 

Carboxyl‐terminal PTH peptides are also secreted by parathyroid glands [30]. Plasma hPTH 

peptide concentrations rise progressively in patients with CRF due to increased parathyroid 

function and impaired renal clearance [1,31,32]. Until recently, the systematic identification 

of highly purified circulating hPTH peptides derived from full-length hPTH1–84 had 

not been performed [1]. In a previous study, Zhang et al. identified 4 circulating hPTH 

peptides (hPTH34–84, hPTH37–84, hPTH38–84, hPTH45–84) in the plasma of patients 

with CRF and in normal subjects following parenteral hPTH1–84 administration [2]. In a 

subsequent study, Lopez et al. found similar hPTH peptides together with an additional five 

hPTH peptides (hPTH28–84, hPTH34–77, hPTH37–77, hPTH38–77, hPTH48–84) from the 

plasma of 12 healthy and 12 ESRD patients [3].

Interestingly, the biological activity of unequivocally identified, circulating hPTH peptides 

has not been previously reported. We used solid phase peptide synthesis to synthesize 

carboxyl-terminal hPTH peptides and bacterial protein expression methods to express 

full-length hPTH1–84. The peptides (hPTH28–84, hPTH38–84 and hPTH45–84) selected 

for synthesis encompassed the amino terminal and carboxyl terminal amino acids of the 

identified PTH peptide molecules.

In mouse osteoblasts, we demonstrated that hPTH28–84, hPTH38–84, and hPTH45–84 

given individually did not alter cAMP concentrations nor alkaline phosphatase activity. 

However, hPTH38–84 and hPTH45–84, but not hPTH28–84, enhanced full-length hPTH1–

84 mediated increases in cAMP generation in MC3T3-E1 cells when added concurrently 

with hPTH1–84. This finding suggests that short carboxyl-terminal PTH peptides modulate 

the effects of hPTH1–84 with respect to the generation of cAMP in osteoblasts. The 

mechanism(s) whereby hPTH38–84 and hPTH45–84 increase the bioactivity of hPTH1–84 

is unknown. Reduction in hPTH1–84 degradation, and increases in cell-surface PTHR1 

expression, Gsα expression, and adenylate cyclase activity are possibilities. It is unknown 

whether hPTH38–84 and hPTH45–84 bind specifically to PTHR1 receptors or have 

specific cell-surface receptors of their own. Indeed, previous publications have demonstrated 

possible specific receptors for carboxyl-terminal PTH peptides [33].

In contrast to the effects of hPTH peptides on intra-cellular cAMP concentrations, following 

pre-treatment of osteoblasts with hPTH28–84, hPTH38–84, and hPTH45–84, alkaline 

phosphatase activity induced by hPTH1–84 was blocked. These data show that the effects 

of full-length hPTH1–84 on alkaline phosphatase activity are blocked by short carboxyl 

terminal PTH peptides despite increases in cAMP concentrations in osteoblasts. The data 

also suggest that in CRF/ESRD where concentrations of carboxyl-terminal peptides of PTH 

and full-length hPTH1–84 are significantly increased, the cellular bioactivity of PTH1–84 

on osteoblasts may be altered by short carboxyl terminal PTH peptides. The change in 

activity of PTH1–84 by short carboxyl terminal PTH peptides could contribute to the 

development of different types of bone disease seen in patients with CRF/ESRD. Thus, 

assessment of PTH bioactivity solely assessing serum intact PTH concentrations in CRF/

ESRD may be misleading. Further investigations on the bioactivity of carboxyl-terminal 
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hPTH peptides in vivo and additional investigations regarding the mechanism of action of 

these peptides requires further investigation.
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Highlights:

• Human PTH38–84 and 45–84 enhance hPTH1–84-mediated osteoblast cAMP 

accumulation

• PTH28–84, 38–84 and 45–84 reduce hPTH1–84-mediated osteoblast alkaline 

phosphatase

• PTH28–84, 38–84, and 45–84 do not alter osteoblast cAMP or alkaline 

phosphatase

• Short carboxyl terminal PTH peptides might modulate PTH1–84 activity in 

osteoblasts

Kritmetapak et al. Page 11

Biochem Biophys Res Commun. Author manuscript; available in PMC 2022 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Comparison of the effect of hPTH1–84 and hPTH peptides (hPTH28–84, hPTH38–84, 

hPTH45–84) on cAMP production in MC3T3-E1 cells. hPTH1–84 increased cAMP 

production in a dose-response manner. cAMP concentrations after treatment with 1, 3, 

10, 50, and 100 nM hPTH1–84 were 5.50±0.63, 33.11±8.13, 58.86±12.13, 83.32±28.47, 

and 87.06±26.05 pmol/mL, respectively. The same concentration of hPTH peptides had no 

effect.
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Figure 2. 
Enhancement of cAMP production in MC3T3-E1 cells by hPTH1–84 at different 

concentrations (1, 3, 10, 50, 100 nM) plus either 100 nM hPTH38–84 or hPTH45–84. 

MC3T3-E1 cells were pretreated for 2 hours with either 100 nM hPTH28–84, hPTH38–84, 

or hPTH45–84, and then stimulated by hPTH1–84 at indicated concentrations together with 

100 nM of individual hPTH peptides for 30 minutes. The control group (black line) was 

pretreated with fresh culture media and then stimulated by hPTH1–84 alone. Values are 

expressed as the mean±SD for triplicate determinations (*p <0.01 vs. hPTH1–84 alone).
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Figure 3. 
Comparison of the effect of hPTH1–84 and hPTH peptides (hPTH28–84, hPTH38–84, 

hPTH45–84) on ALP activity in differentiated MC3T3-E1 cells. hPTH1–84 increased ALP 

activity in a dose-response manner. ALP activity after treatment for 24 hours using 1, 3, 10, 

50, and 100 nM hPTH1–84 were 0.25±0.09, 0.44±0.04, 0.88±16, 1.32±0.21, and 1.48±0.39 

U/L, respectively. The same concentration of hPTH peptides had no effect.
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Figure 4. 
Inhibition of ALP activity in differentiated MC3T3-E1 cells by 100 nM hPTH 

peptides (hPTH28–84, hPTH38–84, or hPTH45–84) together with hPTH1–84 at different 

concentrations (0.1, 1, 3, 10, 50, 100, 1000 nM). Differentiated MC3T3-E1 cells were 

treated for 24 hours using 100 nM of individual hPTH peptides together with hPTH1–84 at 

indicated concentrations. The control group (black line) was treated with hPTH1–84 alone. 

After 24 hours, ALP activity was assayed in cell lysates. hPTH1–84 alone increased ALP 

activity in a dose-response manner. However, ALP activity was significantly reduced in the 

presence of 100 nM of individual hPTH peptides. Values are expressed as the mean±SD for 

triplicate determinations (*p <0.01 vs. hPTH1–84 alone).
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