
Age-related changes in biological characteristics of human alveolar osteoblasts

S.-Y. Jiang*,†, R. Shu*,†, Y.-F. Xie*,† and S.-Y. Zhang†,‡

*Department of Periodontology, College of Stomatology, Ninth People’s Hospital, School of Medicine, Shanghai Jiao Tong University, Shanghai, China,

†Shanghai Key Laboratory of Stomatology and Shanghai Research Institute of Stomatology, Shanghai, China, and ‡Department of Oral and Maxillofa-

cial Surgery, College of Stomatology, Ninth People’s Hospital, School of Medicine, Shanghai Jiao Tong University, Shanghai, China

Received 28 October 2009; revision accepted 7 January 2010

Abstract

Objectives: Age-related changes are common in

many tissues and organs. However, cell-related

causes in human alveolar bone remain unclear. This

study has been carried out to explore the possibility

that advancing age might change the biological char-

acteristics of alveolar osteoblasts (AOBs) in women.

Materials and methods: Alveolar osteoblasts from

women donors (five women aged 33–38 years

and five women aged 62–68 years) were cultured

in vitro. The cells were serially passaged and maximal

lifespan evaluated. Cell viability, ultramicrostructure

and osteogenic differentiation ability were determined

respectively, using MTT assay, transmission electron

microscopy, alkaline phosphatase (ALP) activity

assay and von Kossa staining assay. These parameters

of the two groups of AOBs were evaluated.

Results: When compared with cells from young

adult donors, AOBs from elderly women exhibited

lower maximal lifespan (P < 0.05). Mean rate of

population doubling was lower in elderly donor cells

compared to those from young adult cells

(P < 0.05). Organelles from AOBs of elderly donors

were much fewer than those from young donors.

MTT value of elderly donor cells was significantly

lower than those of young adult donors from day 2

(P < 0.05). Relative ratio of ALP activity in elderly

donor cells was significantly lower than those of the

young womens’ cells at 8, 12, 16 and 20 days

(P < 0.05). Calcium nodules of young adult donors’

specimens were significantly more numerous and lar-

ger than those from elderly donors.

Conclusions: Comparison of biological characteris-

tics of AOBs from young adult women with those

from elderly women in vitro revealed differences in

proliferative capacity and bone formation functions,

which decreased with aging. These data indicate that

aging may play an important role in pathogenesis of

human AOBs loss.

Introduction

Age plays an important role in bone modelling processes

during the whole life span. Two important types of cells

are involved, osteoblasts (OB) are responsible for bone

formation and originate from bone marrow cells. Osteo-

clasts (OC) responsible for bone resorption, originate from

haematopoietic cells. In general, bone turnover is the bal-

ance between bone formation function by OBs and the

bone resorption function of OCs, which are results of

interactions between multiple factors including quantity

and activity of OB and OC, and presence of hormones,

cytokines and growth factors (1–4). According to some

studies in bone research, balancing the process is affected

by reduction in osteoblast proliferation, differentiation,

activity, and lifespan, and increase in osteoclast activity

with aging (5–13). Age-related bone loss results from

unbalanced bone turnover, which universally occurs in

animal and humans.

In animal models, previous research has shown

marked reduction in numbers and activity of stromal

osteogenic cells, from old animals in vitro (5–9) increase

in numbers of bone marrow cells capable of forming oste-

oclasts, in old mice (5). In vivo, research has investigated

formation of new bone after expansion in palatal sutures,

in rats of four different ages, and found that new bone

induced by expansion, decreased in an age-dependent

manner and increase in alkaline phosphatase (ALP)

activity was markedly less in old rats (11). In a fracture
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model in mice, bone formation has been found to be

delayed in middle-aged and elderly animals (12). Age-

related changes also exist in osteogenic cells of humans.

Osteogenic cells from human calvaria and vertebral bodies

of thoracic and lumbar spine, show decline in osteoblastic

cell proliferation and osteogenic potential, during aging

(10,13,14). Bone marrow stromal cells (BMSCs) from

those of different ages have different maximal lifespans,

and those from old donors have lower maximal lifespan

compared to cells from young donors (15). Likewise, there

was an increase in level of apoptosis and decrease in cell

proliferation and osteoblast differentiation in human

marrow stromal cells, which appeared age-dependent (16).

Bone microenvironment is also responsible for

impaired osteoprogenitor cell recruitment and differentia-

tion. With aging, extracellular fluid around osteogenic

cells might exhibit increased inhibitory effects on osteo-

blasts (17,18). The bone microenvironment contains a

considerable variety of elements including hormones,

growth factors and cytokines, secreted by osteoblasts and

other cells, specially hormones in post-menopausal

women. Obvious changes occur in women during their

lifetimes, and they are highly prone to developing osteo-

porosis and other bone loss diseases with increasing age.

Numbers of colony-forming units expressing alkaline

phosphatase (CFU-APs) harvested from human bone mar-

row decrease significantly with age in women, but not in

men (19). Decrease in osteogenic cells contributes to

decrease in bone mineralization in elderly women.

However, age-related changes in osteoblasts remain

controversial. There have been conflicting reports on

effects of age on human marrow-derived osteogenic cells.

Previous research has shown that there were no differ-

ences in cell colony formation and osteogenic gene mark-

ers between young donors (aged 18–42 years) and elderly

healthy donors (aged 66–78 years) (20). A further group

has reported that BMSCs from two age groups (aged 68–

81 years and 18–29 years) formed similar amounts

of mineralized matrix in vitro and of normal lamellar bone

in vivo (15), although lifespan was different in different

age groups. Thus, these authors pointed out that there may

be other mechanisms responsible for age-related decrease

in bone formation.

Human alveolar bone is part of the periodontal tissues

and plays an important role in periodontal disease, peri-

odontal regeneration and implantation. Throughout life,

alveolar bone in the maxilla and mandible continuously

remodels as a result of tooth eruption, forces of mastica-

tion and periodontal inflammation. Although alveolar

bone appears to resemble skeletal bone, it has its own spe-

cific characteristics; its origin is from ectomesenchyme

and is formed by intramembranous ossification (21–23).

Thus it is speculated that, with respect to aging, alveolar

bone possesses biological characteristics different from

those of skeletal bone. To date, changes in human alveolar

osteoblasts (AOBs) with aging remain unclear. The pres-

ent investigation was designed to test the hypothesis that

aging is associated with significant changes in cell ultra-

microstructure, cell viability and bone-formation ability of

AOBs in the alveolar bone of women.

Materials and methods

Subjects

Approval for conducting experiments on human tissue

specimens was obtained from the Committee of Ethics in

Research, School of Medicine, Shanghai Jiao Tong Uni-

versity. After informed consent was obtained from each

dental patient undergoing oral surgical procedures, dis-

carded alveolar bone was collected. There were five sam-

ples from young adult women (aged 33–38), self-

reportedly non-menopausal, and five samples from elderly

women group (aged 62–68) self-reportedly post-meno-

pausal. All donors were non-smokers, were of normal

health without systemic disease, not using contraceptives

or nor oestrogen substitution, and without overt clinical

signs of inflammation in periodontal tissues.

Cell culture

After obtaining alveolar osteoblast explants, they were

immersed in sterile Hank’s balanced saline (HBS) (Gibco,

Rockville, MD, USA), cleaned of adherent soft tissues,

washed in sterile HBS and placed in 60 mm culture plates

(Corning Costar, Lowell, MA, USA) containing a-mini-

mum essential medium (a-MEM) with L-glutamine

(2 mmol ⁄ml) (Gibco), supplemented with 10% foetal

bovine serum (FBS) (Gibco), antibiotics–antimycotics

(100 U ⁄ml penicillin G, 100 mg ⁄ml streptomycin sulphate

and 0.25 mg ⁄ml amphotericin B) (Gibco). When the cells

had migrated out of the explants and reached around 80%

confluence, they were collected and serially passaged.

Cell lifespan

The method for determining lifespan of cells was modified

from Stenderup et al. (15). In brief, AOBs from young

adult and old donors were seeded at 5 · 104 ⁄ml in

24-well plates. Every 7 days, cells were trypsinized in

0.25% trypsin–EDTA (Gibco), counted and reseeded at

5 · 104 ⁄ml in 24-well plates. Cell population growth was

determined as number of population doublings (PD). For-

mula for PD: log N ⁄ log 2, where N is the number of cells

after culture, divided by initial number of cells seeded.

This procedure was repeated until the cells reached their
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maximal lifespan. Mean PD rate formula: maximal num-

ber of PD reached ⁄number of days in culture. Growth

arrest was detected as lower number of cells after culture,

than initial number of cells seeded.

Cell viability

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-

mide (MTT) (Sigma-Aldrich, St Louis, MO, USA) was

used to compare cell viability between the two groups. In

brief, cells from passage 3–4 were seeded into 96-well

plates (Corning Costar) and detected continuously 8d.

MTT at concentration of 0.5 mg ⁄ml was added to each

well and culture plates were incubated at 37 �C for 4 h.

MTTwas converted to its purple formazan product by via-

ble cells. Then, medium was decanted, and 150 ll

dimethyl sulphoxide (DMSO) (Sigma-Aldrich) was added

to dissolve the formazan salts. Finally, absorbance of col-

our present was measured at 590 nm.

Transmission electron microscopy

Cells were fixed in 2% glutaraldehyde for 2 h at 4 �C.

After washing twice in phosphate-buffered saline (PBS),

they were then post-fixed in 1% OsO4 for 2 h. After wash-

ing twice in PBS again, cells were then dehydrated (using

ethanol in a series of dilutions) before being embedded in

epoxy resin 618. Ultrathin sections were then cut using an

LKB V ultramicrotome. Sections were stained with satu-

rated uranyl acetate and lead citrate. Specimens were

observed using a CM-120 TEM (Philips, Eindhoven, The

Netherlands).

Alkaline phosphatase activity

Activity of ALP was determined in cell lysates. Cells from

passage 3–4 of all samples, were cultured in conditional

medium (a-MEM, L-glutamine, FBS, antibiotics–antimy-

cotics, as before, with 50 mmol ⁄ml ascorbic acid,

10 nmol ⁄ml of dexamethasone and 10 mmol ⁄ml of

b-glycerophosphate). At 0, 4, 8, 12, 16 and 20 days of

growth, cells of replicate cultures of each sample were

harvested, washed twice in PBS, and lysed using 1%

Triton X-100 at 4 �C for 1 h after culture medium was

decanted. Triplicate aliquots from each lysate were added

to substrate r-nitrophenol phosphate, in 2-amino-2-

methyl-1-propanol buffer (Sigma-Aldrich) and incubated

at 37 �C for 1 h in the dark. Then 0.5 N NaOH was added

to stop the reaction and amount of ALP activity was mea-

sured by reading absorbance at 405 nm using a microplate

reader (Bio-Tek, Winooski, VT, USA). ALP activities

were normalized by cell protein content, and expressed as

OD value ⁄h mg protein.

Mineralization assay

The von Kossa assay was used to estimate mineralization

in cell layers in a 12-well plate (Corning Costar); six

duplicates were performed for each sample. Fixed cultures

were covered with 10 mg ⁄ml silver nitrate solution

(Sigma-Aldrich) and kept for 1 h under UV light. After

being rinsed, cultures were added with 50 mg ⁄ml sodium

thiosulphate solution (Sigma-Aldrich) for 2 min and then

washed again. Phosphate deposits stained black. Four

visual fields in each well were selected and number of

stained nodules was counted. Results were expressed as

number of stained nodules per well.

Statistical analysis

Each experiment was repeated at least twice. Data are pre-

sented as mean ± SEM. Differences between study groups

were analysed using Student’s t-test. P < 0.05 was consid-

ered statistically significant.

Results

To differentiate between human alveolar osteoblasts of

young adult women and elderly women, biological char-

acteristics of these cells, including their maximal lifespan,

(a)

(b)

Figure 1. Lifespan difference between two groups of women.

(a) Maximum lifespan of human AOBs cultured in vitro measured as

maximum number of PDs. (b) Mean PD level of human AOBs cultured

in vitro measured as maximal number of PD reached per number of days

in culture. Young donors (n = 5) and old donors (n = 5). Results are

represented as mean ± SD. *P < 0.05.
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ultramicrostructure, cell viability and bone formation

activity were investigated.

First, we observed attachment of human alveolar os-

teoblasts to culture plates, which occurred within minutes

after seeding. After 2 h, cytoplasm spread relatively, with

apparent bulging in the area of the nucleus. Cell morphol-

ogy became progressively elongated, and flattened fibro-

blastic appearance was visible at 24 h. In both groups,

AOBs exhibited similar attachment and morphology. Pro-

longed incubation of cultures was used to detect maximal

lifespan of cells of the two groups. Figure 1a shows

cumulative PD maximal lifespan was reached at 59 ± 6

PD in young adult donor AOBs and 34 ± 9 PD for cells

from elderly donor AOBs (P < 0.05). In addition, mean

PD level decreased significantly with advancing age of

the donor; that is, 0.31 ± 0.01 PD ⁄day and 0.28 ± 0.02

PD ⁄day for AOBs of young adult and elderly donors,

respectively (P < 0.05) (Fig. 1b).

Cell viability of AOBs in the young adult group was

compared to that of the elderly donor group, during con-

tinuous 8d culture. At the beginning, MTT OD value was

almost the same in the two groups (P > 0.05). As shown

in Fig. 2, from the second day, cell proliferation of AOBs

in the young adult group was significantly higher than that

of the elderly group (P < 0.05).

As cell ultramicrostructure is closely related to cell

function, we observed ultramicrostructure of cells of the

two groups using transmission electron microscopy

(TEM). From the TEM study, we found cell organelles

were strikingly fewer in osteoblasts from elderly donors

than those from young adult donors (Fig. 3). These obser-

vations indicate that cell activity was decreasing with

advancing age.

To determine the osteogenic potentials of the AOBs,

we tested osteogenic differentiation in vitro. During early

phases of culture, ALP activity in the young adult group

was similar to that of the elderly group. At day 4, there

was still no great difference between the two groups in

conditional medium, although activity of ALP increased

in both. As shown in Fig. 4, at days 8, 12, 16 and 20,

activity of ALP in the young adult group was much higher

than that of the elderly group. Activity of ALP then

increased very rapidly in AOBs of young adult donors

reaching its maximum at day 12. Then it decreased but

was still at a higher level than that of the initial culture.

AOBs of the elderly group had the same curve over the

whole culture period.

Furthermore, we investigated mineralization of AOBs

from both age groups. AOBs from both were able to form

bone mineralization nodules. However, size of nodules in

the young adult group was much larger than those of the

elderly group (Fig. 5). Number of mineralization nodules

was significantly different between the two groups

(P < 0.05), Fig. 6, AOBs from young adult donors

formed more mineralization nodules.

Discussion

In this study, we have compared biological characteristics

of human alveolar osteoblasts from young adult subjects

with those from elderly subjects. Cell viability and capac-

ity of bone formation, which showed age-related

decreases, were significantly different between the two

groups.

In previous studies, number of osteogenic cells has

been shown to decrease (5,13,15,24,25), increase (26), or

remain unchanged with advancing age (27). No previous

Figure 2. MTT assay. Viability of human alveolar osteoblasts between

young adult group and elderly group during continuous 8-day culture.

Young adult donors (n = 5) and elderly donors (n = 5). Results are repre-

sented as mean ± SD. *P < 0.05.

(a) (b)

Figure 3. Transmission electron microscopy.

Difference between human alveolar osteoblasts

of young adult group (a) and elderly group (b)

(7500·).
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study has examined the relationship between age and

maximal proliferative potential of AOBs in vitro. We used

the long-term culture system to detect AOB proliferative

ability and found obvious differences in their growth pat-

terns between young and old donors. Maximal lifespan

and proliferation rate of the cells decreased as donor age

increased, that is negative correlation between age and

proliferative potential. To investigate possible mecha-

nisms for decrease in maximal proliferative potential of

AOBs of elderly donors, cell viability was examined.

Previously, Cabral & Fernandes have observed that

proliferation of human alveolar bone cells at passage 1

from young adult patients (mean age of 34 years)

increased until day 21, decreased during the fourth week

and increased again (28). However, we found that cell

proliferation of AOBs increased until day 7 and decreased

at day 8. It is possible that these inconsistent results were

due to use of different methods. However, we still found

differences between two groups, which is consistent with

human osteoblasts from other anatomical bone areas and

with animal bone results (5,10). We also observed utlrami-

crostructure of AOBs of two groups. In the same in vitro

environment, cells from elderly donors contained fewer

cell organelles, indicating that cell activities were much

lower in the old people than in young adult donors. These

decreases with advancing age contribute to bone loss in

elderly humans.

Then, we investigated effects of elevated age on func-

tion of alveolar osteoblasts. ALP is considered to be a

marker of osteogenesis, which represents bone matrix for-

mation ability of osteoblasts. ALP can hydrolyse organic

phosphate to increase local concentration of phosphate

ions and restrain inhibitors of calcification, which in turn

aids processes of calcification. Cabral & Fernandes dem-

onstrated that alveolar bone cells produced high levels of

ALP, and activity of the enzyme increased until day 21

and decreased afterwards when cells were at the first pas-

sage (28). Perinpanayagam found that ALP activity was

maintained during 28 days in differentiation culture and

increased rapidly by more than 3-fold during the first

7 days; it then declined to the 28-day level which was still

2-fold higher than that of the initial culture, when using

passage 7–9 alveolar bone osteoblasts (29). According to

our data, ALP activity increased during the first 12 days

and decreased afterwards which still remained at higher

levels than those of initial cultures, when using passages

3–4 of alveolar bone osteoblasts. From these findings the

summit of ALP activity appeared earlier than high passage

number, which indicated that subculture may change the

Figure 4. Alkaline phosphatase activity assay. Comparison of ALP

activity of human alveolar osteoblasts between young adult donors

(n = 5) and elderly donors (n = 5). Differences were significant between

the two groups at days 8, 12, 16 and 20 (P < 0.05), labelled *.

(a) (b)

Figure 5. Mineralization assay as shown by

von Kossa stain. Comparison of human alveolar

osteoblasts bone formation between young adult

group (a) and elderly group (b) (40·). Calcium

nodules in young adult group were much larger

than in elderly group.

Figure 6. Comparison of calcium nodule number between young

adult group and elderly group. Difference was significant between two

groups (P < 0.05).
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time point of ALP activity and induce osteogenic cell mat-

uration earlier. In our study, ALP activity of AOBs from

elderly donors at the same passage reached maximum on

the same day as those of AOBs from young adult donors.

It seems that senescence caused by subculture, was, to

some extent, different from that induced in vivo. At the

beginning of conditional culture, there was almost the

same level of ALP in the two groups, which was consis-

tent with the study of Justesen et al. (20); however, ALP

activity levels of AOBs from elderly donors were much

lower than those from young adult donors after 4 days of

culture. The possibility is that ability of secretion of ALP

or ALP-positive cell formation in aged AOBs decreases.

Similar results on human osteogenic cells have been

reported by other groups (11,15,19). These data support

our further research on mineralization data.

Number and size of calcium nodules provide a rough

estimate of capability of the cells osteogenesis. Since cell

density when original plating was identical, mineralization

was determined by osteoblast function. Calcium nodules

in AOBs from young adult donors were more numerous

and were larger than those from elderly donors; this

suggests that capacity of bone mineralization of AOBs

from young adult donors was higher than that from elderly

donors. The results are consistent with other studies

in vitro and in vivo on humans and animals (8,10,11,30).

Age-related decrease in osteoprogenitor cells and osteo-

genic potential have been shown in animal models in

other studies (5–7,31). The possibility, that mineralization

decreased in the elderly group, may be related to decrease

in osteoprogenitor cells and osteogenic potential, as

described in our study.

In addition, another possibility, that AOBs from

elderly women have lower ability to form bone, may be

related to reduced oestrogen levels in such women in vivo.

Oestrogen receptors (ERs) are present on human osteo-

blasts and mediate anti-resorptive effects on bone. Also,

oestrogen has been shown to prevent glucocorticoid-

induced apoptosis and thus to prolong life of normal func-

tioning osteoblasts (32). One previous piece of research

has demonstrated lower induction of ligand concentration-

dependent ER-alpha in aged women, which indicates that

receptor regulation and ligand-receptor signal transduction

diminishes with increasing donor age (33). Another piece

of research has found that post-menopausal and pre-meno-

pausal bone cells have differences in genes controlled by

oestrogen receptor-alpha (34). In an animal model, there

was 73% reduction in cancellous bone at the metaphysis

after ovariectomy (35). Meanwhile, oestrogen could inhi-

bit RANKL enhancing function of osteoclastic differentia-

tion of human monocytes, which might contribute to bone

formation (36). According to these studies, the oestrogen

pathway plays an important role in bone metabolism in

post-menopausal women. In our study, we recorded pre-

menopausal and post-menopausal status simply according

to self-reporting. There is limitation to interpretation of

our results whether or not biological changes are related to

menopause and ⁄or oestrogen pathway. While future stud-

ies involving relationship between alveolar osteoblasts of

women and the oestrogen pathway are required, this study

demonstrates that differences in human alveolar osteo-

blasts between young adult women and elderly women

may contribute to our understanding of osteogenic cell

characteristics of human alveolar bone, which is important

in periodontal treatment, but not yet well understood.

In summary, we clearly observed age-related changes

in alveolar osteoblasts of two groups of women. These

decreases in cell proliferation and osteogenic differentia-

tion could be related to advancing age, which may in turn

contribute to osteoporosis. Moreover, that the menopause

might have an influence on alveolar osteoblasts of women

as shown in this study. Further investigations are needed

to detect whether the oestrogen pathway is involved in

these changes.
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