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ABSTRACT. Thymidine kinase activity was studied during 
human adipose tissue development. Adipose tissue was 
obtained from the groin in 81 persons, aged 7 wk through 
60 yr. None had a metabolic or growth disorder. Adipose 
tissue thymidine kinase activity was highest in infants and 
lowest in adults. Peak thymidine kinase activity was seen 
in the early postnatal period and a lesser elevation was 
found in the preadolescent years, coinciding with hypoth- 
esized periods of proliferation of preadipocytes in man. In 
contrast, during adulthood, a time of stable lipid-laden cell 
number, thymidine kinase activity was lower. Although 
these adipose tissue samples include both stromal and fat 
cells, the data support the hypothesis that adipose tissue 
growth in early infancy is primarily the result of cellular 
proliferation, and that little cellular proliferation occurs 
after infancy, except possibly for a brief period prior to 
adolescence. (Pediatr Res 20: 118-121, 1986) 

Study of the postnatal pattern of adipose tissue growth and 
development in man has been limited by the lack of a morpho- 
logical or biochemical "marker" for preadipocytes (1-12). The 
detection of lipid-containing cells can be accomplished with 
considerable accuracy using several cell counting techniques; 
however, preadipocytes and differentiating fat cells with little or 
no lipid remain undetected. Developmental studies of human 
fat cell accretion use data consisting of "fat cell number" and 
"cellular lipid content" which are derived from lipid-laden adi- 
pocytes only, and thus have limited value in assessing adipose 
tissue growth potential. This is of special methodological impor- 
tance in the study of infants and children in whom it has been 
proposed that proliferation, rather than hypertrophy, predomi- 
nates ( I ,  12). 

Thymidine kinase (EC 2.7.1.2 1 )  catalyzes the phosphorylation 
of thymidine and plays a key role in DNA synthesis. Therefore, 
the enzyme is considered a useful index of cellular proliferation 
in growing tissues. Animal studies which include measurement 
of radiolabeled thymidine incorporation into DNA have shown 
that thymidine kinase activity is reliable for determining the rate 
of cellular proliferation in brain (13), liver (14), and adipose 
tissue (3, 15, 16). In fact, the adipose tissue enzyme's activity 
correlated well with cellular proliferation in both normal and 
abnormal tissue growth. The kinase's pattern of change resem- 
bled the pattern of [3H]thymidine incorporation into fat cell 
DNA in the normally fed Sprague-Dawley rat (3, 15). Further- 
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more, it was found to be temporally related to adipose tissue 
DNA and adipocyte accrual in the lean and genetically obese 
Zucker rat (17). The need for an index of cellular proliferation 
in human adipose tissue and the reliability of thymidine kinase 
activity for this purpose in animals prompted a study of this 
enzyme in man. 

The purpose of this study was to characterize the develop- 
mental pattern of postnatal human adipose tissue thymidine 
kinase activity and to relate changes in this activity to age, body 
fat, lipid-containing adipocyte number, cellular lipid content, 
and body mass index. 

SUBJECTS AND METHODS 

Eighty-one patients without evidence of nutritional, metabolic, 
or chromosomal disorders were the subjects of this investigation. 
Adiposity was estimated by body mass index (18) in persons 
greater than 6 yr and by weight for height for age in those less 
than 6 yr of age (19). Using these criteria, all patients studied fell 
between the 5th and 95th percentile for the general population. 
Fifty-seven were male and 24 were female. Fifty-eight were 
Caucasian, nine black, five Hispanic, three Oriental and six 
designated "other." Thirty-three had completely asymptomatic 
heart disease without congestive heart failure or hypoxemia while 
48 had no cardiovascular disorder. 

Subcutaneous adipose tissue specimens (60-100 mg) were 
obtained via incisions made for routine medical management. 
Fat was taken from the groin at herniorrhaphy, orchiopexy, or 
cardiac catheterization. Tissue specimens were divided into two 
parts. Thymidine kinase activity was measured in one and cel- 
lular lipid content (cell size) was determined in the other. 

That portion of tissue for enzyme determination was weighed 
and homogenized in 1 mM 2-mercaptoethanol. Tissue homog- 
enates of 5-30% (weight/volume) were prepared. After centrif- 
ugation at 4" C, a small amount of infranatant was used for 
measuring thymidine kinase activity utilizing the Ledinko (20) 
modification of the method of Epstein et 01. (16). Protein content 
of the enzyme fraction was measured by the Coomassie Blue 
method (2 1). Cellular lipid content was determined on the second 
portion of the fat sample by the osmium fixation method (22). 
Total lipid-laden cell number was calculated by dividing total 
body fat by the specimen's average cellular lipid content. Between 
the ages of 2 and 14.5 yr, total body fat was calculated using the 
derived equation of Friis-Hansen (23). Total body fat was meas- 
ured by hydrostatic weighing in subjects older than 14.5 yr (24). 
Total body fat was not determined for individuals less than 2 yr 
of age since a reliable and acceptable method for this age group 
is lacking. Measurement of height and weight was performed 
and body mass index was calculated (weight/height2). 

We analyzed the relationship between thymidine kinase activ- 
ity on the one hand, and age, body mass index, cellular lipid 
content, and lipid-laden cell number on the other. 



ADIPOSE TISSUE T 'HYMIDINE KINASE 119 

The procedures followed in this investigation were in accord 
with the ethical standards of the Stanford University Committee 
for the Protection of Human Subjects in Research. 

STATISTICAI- METHODS 

Analysis of variance was used to assess overall differences 
between age-group means. Scheffk's test of multiple contrasts 
was used for pairwise comparison of age-group means if the 
analysis of variance revealed a significant between-group differ- 
ence (25). Spearman correlations and multiple linear regression 
were used to analyze the relationships between thymidine kinase 
activity and age, measures of body fatness, lipid-laden cell num- 
ber, and cellular lipid content. Spearman correlations, rather 
than product moment correlations, were used due to the non- 
normal distribution of the data. p values of less than 0.05 were 
considered significant. All analyses were performed using the 
Statistical Analysis System (26). 

Comparison of subjects with asymptomatic heart disease and 
subjects without heart disease revealed no significant differences 
in adipose tissue thymidine kinase activity, total body fat, cellular 
lipid content, total number of lipid-containing cells, height, 
weight, or body mass index. Therefore, the data from the two 
groups were combined for further analyses. 

RESULTS 

Thymidine kinuse. Thymidine kinase activity was found to 
vary with age. For the purpose of clarity of presentation, values 
of thymidine kinase activity, expressed as cpm per mg protein, 
were grouped into five age-related phases, as shown in Figure I. 
These age ranges were based upon stages of adipose tissue growth 
found in man (27). Our age-related subject groups are character- 
ized in Table 1 by number, and mean height, weight, and body 
mass index. Thymidine kinase activity was highest in subjects 
less than 9 rnonths of age. The enzyme's activity was lower in 
subsequent years until just prior to adolescence (ages 9-13.9 yr) 
when thymdine kinase activity tended to rise. The lowest levels 
of thymidine kinase activity were seen in individuals 20 yr of age 
and older. Overall differences in thymidine kinase activity be- 
tween age groups were analysed using analysis of variance and 
were found significantly different ( p  < 0.0003). The difference 
between children less than 9 months and the group aged 0.75 to 
8.9 yr was striking (Fig. 1 )  and significant by Scheffe's test. 
Children 9-13.9 yr had greater thymidine kinase activity than 
children 0.75-8.9 yr and individuals older than 20 yr of age. 
However, the difference was not statistically significant by 

0- 0.75- 9- 14- 20 + 
0.74 8.9 13.9 19.9 

YEARS 

Fig. I .  Thymidine kinase activity and age. Means and SEs are shown. 
Overall differences in thymidine kinasc activity between age groups were 
analyzed using analysis of variance (F4,,(, = 5.93: p < 0.0003). 

Table 1. Human subject groups 

Mean Mean Mean body 
Age group ht wt mass index 

( ~ r )  Gender n (cm) (kg) (kg/m2) 

0-0.74 Male 9 60.6 5.8 15.0 
Female 1 5 1.0 3.7 14.0 

0.75-8.9 Male 28 103.9 17.9 15.7 
Female 10 96.9 15.2 15.4 

9-13.9 Male 10 147.0 40.0 17.9 
Female 5 148.7 43.0 19.0 

14-19.9 Male 7 174.3 67.0 21.4 
Female 3 153.3 54.9 22.7 

20+ Male 3 172.5 79.4 26.0 
Female 5 164.0 63.1 23.2 

- 
1.9 8.9 13.9 ?9.9 

YEARS 

Fig. 2. Thymidine kinase activity, cell lipid content, and fat cell 
number according to age. Means and SEs are shown. For this eompariso~i, 
the age range of the two youngest age groups was modified because there 
were no  estimates of adipose tissue mass. Therefore, lipid-laden ccll 
number was not available before 2 yr of agc. The two resulting groups 
were aged 0- 1.9 yr (n = 17) and 2-8.9 yr (n = 3 I), 

Scheffi's test. Overall, there was not a significant difference in 
thymidine kinase activity between the sexes. Similarly, no differ- 
ences were noted in Caucasians, blacks, Hispanics, or Orientals. 

Upon considering data obtained between ages 2 through 60 
yr, there was no significant correlation of thymidine kina:;e 
activity with age, body fat, lipid-laden cell number, cell lipid 
content, or body mass index. A graphic comparison of thymidine 
kinase activity, and cell size and number is shown in Figure 2. 
Since adipose tissue mass and cell number cannot be reliably 
determined before 2 yr of age, the grouping of subjects by age 
was modified for these analyses and for the graphic comparison 
in Figure 2. 

Total body fat. Total body fat increased from 1-2 kg at age 2 
yr to 15- 18 kg at 16 yr. Between 16 yr and adulthood there was 
little further increase seen in total body fat. These findings are .in 
agreement with previously published data (6, 10, 1 1). 

Cellular lipid content. In the 1st yr of life, fat cell size ranged 
from 0.06 to 0.24 pg lipid/cell. A negligible increase in cell lipid 
content occurred until ages 9-10 yr, when enlargement took 
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place at a more rapid rate. Enlargement continued until 14-20 
yr of age, after which cell size varied widely. In adults the range 
of cellular lipid content was from 0.40 to 0.75 pg/cell, values 
comparable to previously published data (6, 10, 11). 

Lipid-ludon crll nzr~nhcr. Total number of lipid-laden cells was 
determined for subjects 2 yr of age and older. At age 2 yr, cell 
number was approximately 1 billion. The number of detectable 
fat cells increased slowly until 9-10 yr of age. Subsequently, the 
ratc of increase accelerated until age 16 yr, after which the 
number of fat cells appeared to plateau in a range between 26 
and 76 billion. This range in adults is comparable to previously 
reported data (6, 10, 11). 

DISCUSSION 

These data demonstrate age-related variation in human adi- 
pose tissue thymidine kinase activity. The changes in activity are 
of interest in relation to  age-related changes in human lipid- 
ladcn cell size and number. Since thymidine kinase activity is 
considered a reliable index of cellular replication in laboratory 
animals (15-17), it is of note that the high enzyme activity seen 
here in infancy corresponds to  a major period in a) human 
adipose tissue growth and b) increased adipocyte number as 
measured by fat cell counting and sizing techniques (1, 2, 4, 9, 
12). If both preadipocytes and stromal cells participate in this 
growth as believed, our thymidine kinase activity data suggest 
that proliferation, rather than recruitment of previously differ- 
entiated nonlipid containing cells, may be occurring during early 
infancy. Peak thymidine kinase activity coincides with the high 
rate of increase in lipid-laden cell number said to  occur during 
the perinatal period (1). Furthermore, between infancy and ad- 
olescence, thymidine kinase activity is low, yet total body fat 
increases in conjunction with increasing cell size and number, 
suggesting that the mechanisms of adipose tissue growth after 
infancy may shift from proliferation to  filling of nonlipid con- 
taining cells. An upward trend of thymidine kinase activity prior 
to  adolescence corresponds to another period of accelerated 
adipose tissue growth and increasing fat cell number (1, 9), 
suggesting some renewed cellular proliferation. After adoles- 
cence, cellular enlargement via lipid filling may be the predom- 
inant mechanism ofadipose tissue growth since thymidine kinase 
activity seems to fall despite a continued increase in lipid- 
containing cell number. Such a pattern of tissue growth with 
hyperplasia, followed by hyperplasia plus hypertrophy, and then 
by hypertrophy alone, is seen in other nonregenerating tissues 
(28). , , 

In adult man, the stabilization of lipid containing cell number 
and the constant low level of thymidine kinase activity imply a 
continued low rate of cellular replication. This low activity in 
adult man may relate to turnover of nonadipocyte cells in the 
tissue, such as endothelial cells. In fact, it is likely that some 
basal level of thymidine kinase activity is present at all ages due 
to  proliferation and/or turnover of cells of the supporting struc- 
ture in adipose tissue. In addition, it is possible that continued 
fat cell turnover may make accelerated cellular replication pos- 
sible in adult man, as it does in the adult rat exposed to high 
caloric intake (29). 

Since adipose tissue contains both adipocytes and stromal cells, 
one must be cautious in relating thymidine kinase activity from 
adipose tissue samples to adipocytes alone. Low levels of enzyme 
activity reliably signify low rates of proliferation of all cell types, 
including adipocytes. Higher levels of activity may reflect in- 
creased proliferation of either adipocytes or stromal cells. How- 
ever, developmental animal data suggest that the higher levels of 
thymidine kinase activity in early life are more likely to  be 
related to fat cell proliferation (I 5, 17). 

Realizing that there is regional variation in human cell lipid 
content ( I ) ,  only one site was used for tissue sampling in this 
investigation. The groin was chosen because of a) tissue availa- 

bility via incisions made for regular medical management and 
b) prior studies from our laboratory suggesting that the devel- 
opmental pattern of cellular lipid content in the groin was similar 
to the published data obtained from buttock fat (9). Although 
the sequence of change in cell size and calculated number of 
lipid-laden cells were generally similar in groin- and buttock- 
related data, this investigation demonstrated some differences. 
In younger patients (2-8.9 yr), fat cells from the groin were 
smaller and the derived total cell number was larger than com- 
parable values determined from buttock specimens. These ob- 
servations suggest that site-related differences in adipose tissue 
thymidine kinase activity may exist as well. 

Thymidine kinase activity can be measured in small biopsy 
samples taken percutaneously or a t  surgery. In turn, it is hoped 
that longitudinal studies can be performed to confirm our find- 
ings and to assess individual trends and variability in thymidine 
kinase activity in the groin and other adipose tissue sites. 
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