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Telomere Shortening in Kidneys with Age
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Abstract.The histology and function of the kidney deteriorateabout 12 kb pairs (kbp) in infancy and was shorter in older
with age and age-related diseases, but the mechanismskidneys. The slope of the regression line was about 0.029 kbp
volved in renal aging are not knowim vitro studies suggest (0.24%,P = 0.023) per year. Telomere DNA loss in cortex by
that telomere shortening is important in replicative senescenttg slot blot method was 0.25% per yearF0.011). By both

and is accelerated by stresses that increase replication. Thethods, the telomere loss in medulla was not significant and
study explored the relationship between age and telomevas less than in cortex. Comparisons of TRF length from 20
length in surgical samples from 24 human kidneys, which wepaired samples from cortex and medulla showed that TRF was
either histologically normal (17) or displayed histologic abnogreater in cortex than medulla, with the differences being
malities (7). Telomere loss was assessed by two independgrgater in young kidneys and lessening with age due to telo-
methods: Southern blotting of terminal restriction fragmentaere loss in cortex. These findings indicate that telomeres
(TRF) and slot blotting using telomere-specific probes. Thehorten in an age-dependent manner in the kidney, either due to
results of these methods correlated with each other. The mevelopmental factors or aging, particularly in renal cortex.
TRF length determined by Southern blotting in cortex was

The kidney develops characteristic physiologic and patholoditsults. The elderly are also up to 100 times more likely to
changes with age termed “senescence” (1-4). GFR declinesdayelop end-stage renal failure than the young (7). As recently
about 0.75 ml/min per yr over age 40 (2), whereas renadviewed (8), donor age has become the main identifiable
vascular resistance rises and the filtration fraction falls. Thefluence on long-term graft survival (9—12), and the pathol-
decline in function is variable and some healthy individualsgy of chronic allograft nephropathy (CAN) (http://tpis.upmc.
preserve their GFR indefinitely (5), while hypertension anddu/tpis/schema/KNCode97.html) overlaps the changes of ag-
heart failure accelerate senescent changes (2). Patholdgés(13,14). Kidney transplants from older donors have higher
changes include a 20 to 25% loss of volume, particularly imaseline serum creatinine, more delayed graft function, and
cortex, fibrous intimal thickening of arteries, loss of glomerulieduced long-term survival. The effect of donor age in renal
due to global sclerosis (perhaps reflecting occlusion of theansplantation may be an example of the reduced ability of
afferent arteriole), and patchy tubular atrophy and interstitiahed kidneys to tolerate and recover from injuries and stress.
fibrosis. Histologic studies on autopsy kidneys indicate thatypertension and heart failure accelerate the changes of renal
aging is associated with a loss of cells and an increase in $#hescence (1-3). Renal cancer is age-related, and the problem
size of the nuclei (6). of malignant transformation is intimately related to cell senes-
Renal senescence has many implications for nephrologgnce mechanisms (15).
including normal aging, excess acute renal injury, increasedin 1985, Kaysen and Myers pointed out that “the mecha-
end-stage renal disease, decreased transplant survival, anghigins and the full biochemical and physiologic consequences
creased cancer. The usual changes of normal aging are reley@ntenal senescence remain to be fully elucidated” (16), a
to drug dosing and render individuals more susceptible &atement that remains true. The molecular basis of senescent
dehydration. The older population has a high frequency ghangesn vivois not known, and many theories of aging have
acute renal failure, reflecting reduced renal reserve, increaggehn proposed, including oxidative damage, genomic instabil-
comorbidities, and possibly increased susceptibility to acyg9 (including telomere loss), genetic programming, and cell
death (17). However, considerable progress has been made in

- determining the mechanisms of senesceinceitro. Primary
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DNA repeats of the sequence (TTAGG@®)at protect the ends intensity of the signal (narrow range), where the intervals averaged
of chromosomes, and are generated mainly by the enzymre those intervals that were higher than 1% of the total signal in that
telomerase. Because telomerase is not expressed in mostiats: The median and m(_)de_values were also derived on the basis of
matic cells, telomeres shorten with increasing age, reflectitf narow range determination.

the number of cycles that the cell has completed. The telomere

hypothesis of cell aging suggests that telomere shorteningS#pt Blot

the absence of telomerase is the mitotic clock for replicative Aliquots of high molecular weight, genomic DNA from cortex or
senescence in normal somatic cells (20,21). As Shorteni'fﬁ‘gdu”a (described above) were slot-blotted onto a nitrocellulose or
becomes critical for a telomere on a particular chromosonf#/on membrane to determine the relative content of telomeric DNA
that chromosome becomes unstable and the cell stops dividify described previously (26) with minor modifications. A total of 3.2

Studies on human blood cells and blood vessels suggest fDNA was diluted W'th."?m equal V°'“F“e 0f 0.5 MNaOH, 1.5M
aCl, and denatured by boiling 5 to 10 min. Samples were placed on

chronic stresses _reguiri_ng ,a higher replication rate -increa@g and neutralized by the addition of 0.5 M Tris, 1.5 M NaCl, pH 8.0.
telomere shorteningn vivo in humans (22,23). Studies Oane microgram of DNA was slot-blotted in triplicate. A serial dilution

expression of markers for mitosis suggest that the kidney gsjyrkat DNA was used to generate a standard curve. The membrane

subjected to ongoing replicative stresg., in endothelial cells was probed using the telomere probe described above and analyzed by

(24). phosphoimaging. The Jurkat standard curve was fitted with a poly-
We investigated telomere length in kidneys derived fromomial equation and used to calculate the relative sample signal. After

nephrectomies and autopsy specimens from individuals of difaalysis, the blot was stripped and reprobed using a centromere-

ferent ages. We found that telomeres in human kidney cort&ecific probe (GTTTTGAAACACTCTTTTTGTAGAATCTGC)

shorten with age, and that the shortening is faster in cortex tr{{ reanalyzed.

in medulla. These observations suggest that telomere length

may reflect either developmental changes or aging. Althou§hFR

the causes and significance of telomere shortening in variousCreatinine clearance was predicted from serum creatinine in adult

renal cell populations will likely prove to be complex, thesgen, whereC, = (140 — Age [years])x (wt [kg])/(72 X S, [mg/100

data are compatible with a role for telomere shortening afdl) and in adult women with a correction factor 6f15% (27).

replicative senescence in some of the phenomena that charac-

terize renal aging. Results

Table 1 lists the clinical data of the individuals from whom
Materials and Methods the kidneys were derived. Seventeen normal samples were
Terminal Restriction Fragments derived from autopsies (& 1) or nephrectomies from patients

Samples were taken of kidney tissues derived from total nephréQ‘,'-,th either renal cell Carcmqmaﬂ(: 11), oncpcytoma (= 2),
tomies or from autopsies. Whenever possible we collected cortex afdims’ tumor (n = 1), transitional cell carcinoman(= 1), or
medulla separately. All samples were snap-frozen in liquid nitrog&§Vere renal artery atherosclerosis{( 1). Normal renal tissue
and stored at-80°C. To obtain high molecular weight DNA without remote from the tumor was chosen for analysis. We will refer
degradation, we disrupted the tissue by freeze grinding. DNA wis these samples as “normal” kidneys when the histology was
then isolated by proteinase K digestion and phenol/chloroform extragithin the limits of changes expected for age. Three samples
tion. DNA samples were digested with the restriction enzyhiedl  from the nephrectomies for renal tumors showed a small num-
and Rsal (Boehringer Mannheim, Mannheim, Germany) to produgger of tumor cells representing a small minority of the cells
gF;'O:/' Aliquots of ‘lmdl'geSte‘:] and d'g;*gt?? BN:‘ We(rje reso'Yedd Bresent. Seven samples were derived from nephrectomies with

5% agarose gel electrophoresis (70 V, 2 h) and examined .0 e ahnormalities such as pyonephrosis, chronic pyelo-

ethidium bromide staining for the absence of unspecific degradatlﬁg hritis. hvdronephrosis. atherosclerosis. and nephrosclerosis
and complete digestion, respectively. A total of 1uf§ of each P 1Y P ! ’ P '

digested sample was resolved by 0.7% agarose gel electrophoresisWAfO will rgfer to those k|dn¢ys as “abnormal” kidneys. ,HOW'_
V, 40 h). DNA was Southern-blotted onto a nitrocellulose membrafYer. patients generally did not have marked renal insuffi-
(Hybond-C Extra; Amersham) and probed as described previou§igncy, as shown in Table 1, and the serum creatinine values
(20,25) with minor modifications. The membranes were hybridized were markedly abnormal only in the 1-mo-old infant with acute
42°C overnight with a 5end-labeled®?P-(TTAGGG), oligonuclee  renal failure, the 9-yr-old with adult-type polycystic kidney
tide telomere probe in a buffer containing 25% formamide; 5 disease (APCKD), and the 74-yr-old with chronic interstitial
Denhardt's solution, 5saline-sodium phosphate-ethylenediaminenephritis.

tetra-acetic acid, 0.1% sodium dodecyl sulfate, and 160nl dena-  TRF in renal cortex shortened with age (Figure 1). From
tured salmon sperm DNA. After a 15-min stringency wash at 42°C i age pots, we plotted regression relationships of various mea-

0.2X SSC, 0.1% sodium dodecyl sulfate, the autoradiography sigrgﬂremems of the TRF distribution against age (Figure 2). We
was digitized in a Phosphorlmage scanner (Fuji) using ImageGauge )

software. All lanes were subdivided into intervals of approximately alyzed the mean, median, and mode of a narrowly defined

to 2 mm. The mean size of the TRF was estimated using the form |§F d'St”b,Ut'on (“ngrroyv range”), and the mean of a more
3(0Di X Li)/3(ODi), where ODi is the density reading from intervaProadly defined distribution (*broad range”). All of these mea-
I, and Li is the size in kilobase pairs (kbp) of the interval relative t§urements showed a significant TRF shortening with increas-
the markers (20). Mean TRF length was determined over the rangditg age in renal cortex. Based on the mean (narrow range)
2.3 to 23.1 kbp markers (broad range) and also on the basis of {fégure 2), the slope of the regression is 0.0293 kbp per year,



446 Journal of the American Society of Nephrology J Am Soc Nephrol 11: 444—-453, 2000

Table 1. Demographic data on the 24 individuals from whom the kidneys were dérived

Age Creatinine Histology of Renal

) Gender Diabetic Hypertension BP (umol/L) Urea Clinical Diagnosis Parenchyma
0.1 M No No 58/30 143 20.7 Multiorgan failure Normal
0.8 M No Yes 119/84 48 4.4 Renal dysplasia, Renal dysplasia,
secondary interstitial nephriti&
inflammation
4 F No No 99/57 56 3.7 Chronic pyelonephritis Acute on chronic
reflux pyelonephriti8
4 F No No 80/50 50 3.1  Wilms’ tumor Normal
5 M No No 114/66 85 NA  Hydronephrosis Hydronephrosis
secondary to
obstruction at
uretopelvic junction
9 F No No 105/70 682 33.8 APCKD Multiple cyst$
29 F No No 128/80 81 NA Infected pyonephrosis Infiltrate, tubular
atrophy
42 M No Yes 132/80 165 NA RCC I, oncocytoma |  Normal
47 M No No 112/66 123 8.8 RCC Il Normal
50 M No No 150/96 114 NA RCCII Normal
50 M No No 118/70 123 NA RCC Normal
51 F No No 118/70 82 3.4 Hydronephrosis Hydronephfosis
55 M No Yes 150/80 108 5 Oncocytoma |l Normal
57 M No No 120/70 109 4.3 RCC /I Normal
57 F No No 170/90 83 NA RCC Normal
58 M No No 120/70 117 5.8 RCC Mild age changes IF,
TA
62 M No Yes 122/62 136 NA RCC 1l Mild age changes IF,
TA
67 M No No 120/68 99 7.6 RCCII, CLL Lymphoma infiltrate
68 F No Yes 140/84 137 5.5 Severe renal artery Age changes IF, TA,
atherosclerosis FIT
71 M No No 120/80 126 NA RCC Normal
74 F No No 135/105 113 4.4 Papillary transitional IF, TA, FIT;
cell carcinoma compatible with age
74 F No Yes 150/80 189 NA  Hydronephrosis, Chronic interstitial
pyelonephritis nephriti$
79 F No No 140/84 112 NA RCCI Moderate TA, IF, FIT
88 F No Yes 180/88 96 NA  RCC Il Focal inflammation, IF

2NA, not applicable; APCKD, adult-type polycystic kidney disease; RCC, renal cell carcinoma; IF, interstitial fibrosis; TA, tubular
atrophy; CLL, chronic lymphocytic leukemia; FIT, fibrous intimal thickening.
P “Abnormal” with histology outside the limits of changes expected for age.

i.e., 29 bp per year (0.24%). Nevertheless, the outliers arglieF of 8.8 kbp was not included, as it was the only observation
against a simple predictable annual loss. (This regression aredtween 10 and 40. The groups showed mean TRF lengths as
ysis was not significantly altered if samples with histologifollows: age 0.1 to 9 yr, 12.2 kbp; age 42 to 50 yr, 11.5 kbp;
abnormalities were excluded: The regression was still signifige 51 to 58 yr, 11.5 kbp; age 62 to 68 yr, 10.6 kbp; agd
cant [data not shown]. To avoid selection bias, all samplgs, 10.1 kbp. These data do not suggest an acceleration in one
were included in the subsequent analyses.) The Y interceptagfe group. However, when the 17 kidneys older than 40 yr
these regression relationships provides an estimate of the TRére examined by regression, the slope suggests TRF short-
length at birth: 12.4+ 0.64 kbp by the narrow range, andening of 82 bp per year {r= 0.3985;P = 0.0066), indicating
11.2 = 0.34 kbp by the broad range. that there is telomere shortening in cortex in the age range in
We grouped the mean cortex TRF lengths for kidneys @fhich senescence develops.
different ages to see if loss was accelerated in some age rangebledulla samples available on 20 specimens showed slightly
For this purpose, the 29-yr kidney with pyonephrosis and shattorter mean TRF length in young children (Figure 3). The
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Figure 1.Telomere length in human renal cortex samples. Genomic DNA from cortex samples derived from different donors of indicated ag
was prepared as described and resolved by agarose gel electrophoresis. Telomere restriction fragments were deteétPdabitted
telomeric oligonucleotide. Size (kbp) is indicated. M, molecular weight marker; R, Raji cells.
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Figure 2.Regression of telomere length measurements in renal cortex by Southern blotting against age. Panels represent the mean, the me
and the mode of the telomere distribution. Filled circles represent “abnormal” kidney samples with histologic changes outside the limits
changes expected for age. (Narrow range mean was determined usingxafesf the total; broad range mean was determined using values
over the entire molecular weight range. For details, see Materials and Methods.)
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Figure 3. Telomere length in human renal medulla samples. Genomic DNA from medulla samples derived from different donors of indicate
ages was prepared as described and resolved by agarose gel electrophoresis. Telomere restriction fragments were det&edabsldta
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telomeric oligonucleotide. Size (kbp) is indicated. M, molecular weight markers; R, Raji cells; J, Jurkat cells.
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estimated TRF lengths in medulla at birth (Y intercepts) were 37
10.7 = 0.61 kbp (narrow range) and 101 0.32 kbp (broad
range), both significantly less than in corteR & 0.05).
However, the medulla showed less of a tendency to T %
shortening with age. The estimates of the slopes of the medh3
median, and mode of the narrow range and of the mean of tfe=
broad molecular weight range are shown in Figure 4. Mea@ ;j
TRF length in medulla declined slightly as a function of age bﬁ <]
0.0129 kbp (narrow range) and 0.0091 kbp (broad range) pgrO
year (not significant). Hereafter, the “narrow range” mean 5

used. b

y=-0.0184x + 1.6634
R%=0.318
.l ® ® p=0.0096

tRYkb)

Comparing Cortex versus Medulla in Paired Samples 0 25 50 75 160
We compared the TRF length in cortegrsusmedulla for
paired samples (= 20) on which clear cortex-medulla dis-
tinctions could be made (Table 2). The mean TRF length in tiéure 5.Regression of the difference between cortical and medullary
cortex was longer (10.8 1.6 kbp) than in medulla (101 1.2 telomere lengths against age. Telomere length in paired renal cortex
kbp) (P < 0.001). In kidneys under age 10 & 3), the TRF and medulla samples were determined by Southern blotting as de-
length in the cortex (12.2 1.2 kbp) was about 1.7 kbp Iongerscribed' T_he difference bt_atween cortex_ and medulla telomere lengths
than in medulla (10.5- 0.74 kbp) (P= 0.012). In kidneys age from 20 different donors is plotted against age.

50 and below (n= 8), the TRF length in cortex was 11:41.5
kbp versus10.4 = 0.91 kbp in medulla (P= 0.007). For

kidneys above age 501 (= 12), the mean TRF length in corteXcompared the TRF to the slot blot results (Figure 8). The TRF
was 10.3* 1.5 kbpversus9.9 = 1.2 kbp in medulla (P=  values correlated with the slot blot values in cortek &

0.014). Above age 6((= 8), the mean TRF length was 939 0 6424 P < 0.0001). The centromere DNA estimates tended to
1.5 kbp for cortewersus9.7 = 1.4 kbp for medulla (P= 0.11), decline with age in cortex (not significant) (Figure 6). Thus, the

only about 0.2 kbp difference. Thus, increasing age was asgflomere-to-centromere ratio did not decrease with age in cor-
ciated with more TRF shortening in cortex than medullgey.

tending to eliminate the differences between cortex and me-n medulla, there was little trend toward loss of telomere

Age (years)

dulla (Figure 5). DNA (Figure 8). Regression analysis estimated the loss of
) telomere DNA per year at 0.09% in medulla. This estimate of
Assessing Telomere Length by Slot Blots the loss over time was similar to that rate of TRF loss (about

We used a second method for assessing telomere lossgby294 per year) shown above. The telomere estimates by both
measuring the relative amount of telomere DNA in slot blotgpethods correlated with one anothe? (= 0.2189,P =

i.e., the extent of binding of a telomere probe to a standagth37s).

amount of DNA. We compared the amount of telomere DNA

to the centromere DNA as a control, reasoning that centromere

DNA would be more stable than the telomere DNA over tim&FR versus Telomere Length

(Figure 6). We also calculated the ratio of the telomere to The relationship of TRF length to GFR was assessed be-

centromere DNA. We found that the telomere DNA in renalause both of these measurements decline with age. The cal-
cortex as assessed by slot blotting with the telomere probalated GFR declined with age (Figure 9A) as expected, by

decreased with age. The slope of this relative loss was simitdyout 1.3% per year from the third decade. This is a higher rate
to the slope of the loss of cortical TRF—about 0.25% per ye#ran in a normal population and presumably reflects the selec-
for slot blotsversus0.24% per year for TRF (Figure 7). Wetion for renal diseases. There was a weak positive relationship

Table 2. Telomere length in paired cortical and medullary samples with age

Telomere Length (kbp)

Age (mean+ SD) P Value

Cortex Medulla
All paired samples (n= 20) 10.77+ 1.62 10.06+ 1.16 0.0004
Under age 10 (= 3) 12.16*+ 1.16 10.47+ 0.47 0.0120
Under 50 yr (n= 8) 11.43+ 1.50 10.38+ 0.91 0.0070
50 yr and over (n= 12) 10.33+ 1.53 9.85+ 1.23 0.0144

Over 60 yr (n= 8) 9.93+ 1.46 9.65+ 1.38 0.1144
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Figure 6. Regression of telomere and centromere DNA content by slot blot analysis and the telomere:centromere DNA content from ren
cortex. One microgram of genomic DNA from cortex samples derived from different donors of indicated ages was prepared as described ¢
slot-blotted in triplicate. Telomere DNA was detected witA°R-labeled telomeric oligonucleotide. Blots were stripped and reprobed with a
32p-labeled centromeric oligonucleotide. Telomeric and centromeric DNA and the telomere:centromere DNA ratio is plotted against age. Fill
circles represent “abnormal” kidney samples with histologic changes outside the limits of changes expected for age.

-1.2 present data suggest that telomere shortening may be a phe-
nomenon of both development and aging. Whether the extent
1.0 of telomere loss in older kidneys would affect the ability of the
o kidney to sustain function against normal wear and tear or
o F0.8 ¢ b . .
- & abnormal stresses is not known. However, given the heteroge-
E 0.6 ?!§ neiFy_ of renal cell populations, and of telomgre length on
§ S individual chromosomes, the present results raise the possibil-
@ 67 0.4 ity that critical telomere shortening could become a limiting
4- —&— Southern Blot factor in some renal cell populations and could contribute to
5] -©- Slot Blot 0.2 some of the features of the senescent kidney.
0.0 Certain caveats surround studies of telomere length. First,
0 y ! ! . most studies (like these) are conducted on surgical specimens
0 25 50 75 100 ) ;
and must be confirmed on unselected normal tissues when the
Age (years) availability of tissue permits. Second, the critical measure-
ments of telomere changes should be made in the population of
Y=2-0-0293X +12.405 V=2'°-°°24X+ 09775 renal cells that are likely to be limiting such as intimal cells in
R®=0.2127 R"=0.2586 small arteries (22). Third, in presenting the regression between
p=0.0233 p=0.0112

TREF or slot blots and age, we do not suggest that these are truly
Figure 7.Comparison of the regression of telomere length by Soutlinear. In 24 samples, we cannot determine the shape of this
ern and slot blot analysis in renal cortex against age. There wasgedationship accuratelye(g., accelerated early or late telomere
significant correlation between the estimates of telomere lengfss ) Fourth, population changes could be mistaken for telo-
determined by TRF and telomere DNA by slot blot analys e shortening if a cell population with longer TRF was being

0.6424;P < 0.0001; paired test). Th? regression of telomere Iengﬂ]’eplaeed or infiltrated with a population with shorter TRF. On
against age by Southern blot analysis estimates a 0.24% per year{ e ther hand. if cells with short telomeres di red. then
of loss of telomere length, while the analysis by slot blot estimates c other hand, 11 cells short telomeres disappeared, the

rate of telomere DNA loss of 0.25% per year. te omere shortgning would be underestimated. Finally, t'he.TRF
determination is the gold standard method but has limitations.
Specifically, because TRF are composed of telomeres plus 4 to

between calculated GFR and TRF length in cortex, which waskbp of subtelomeric repeats (28), it is conceivable that

not significant (Figure 9B). differences in the subtelomeric repeats between cell popula-
tions could contribute to differences in TRF lengéhg., be-
Discussion tween cortex and medulla. The slot blot is less elegant but is

This report documents that both by TRF and slot bloindependent of subtelomeric influences. Telomere loss with
telomere DNA is lost with age in kidney, and that rate of losage was significant in the renal cortex by slot blot analysis and
in cortex is greater than in medulla. The TRF were longer ifRF analysis (0.25% per year). The TRF difference between
cortex than medulla in young kidneys, but the difference lessartex and medulla was not paralleled by a significant differ-
ened with age due to greater telomere loss in cortex. Thus, e in the slot blots (although there was a trend). Thus,
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subtelomeric influences have not been excluded as an exgidied, but the greatest differences were observed in blood
nation of the corticalersusmedullary differences. cells (e.g., average TRF length was 12.2 kbp in the fetus and
Although telomere shortening with age has not previousk:2 kbp in the 72-yr-old man).
been studied in kidney, it is known in other tissuesg., blood  Although telomere regulation is complex, the principal
cells. The rate of loss of telomere DNA in cortex is less thatause of telomere loss is likely to be replication. Cell division
that reported for human lymphocytes, in which the rate af fibroblasts lacking telomerase shortens TRF by about 75 bp
telomere loss is about 41 bp per year (29). Thus, in renal coriexvivo and 48 bpin vitro per population doubling (28). The
telomere DNA declines at a rate intermediate between higldpserved telomere shortening in cortex with age may reflect
proliferative cells as lymphocytes and less proliferative tissud®e generation of renal cells through development and the
such as brain or muscle, in which TRF shortening is no¢placement of cells lost through normal wear and tear or
detected (30,31). A recent study (32) assessed TRF lengthnjury. Thus, telomere shortening reflects the replicative his-
blood and skin cells from humans of different ages, and frotary of the tissue. There are also mechanisms of telomere
15 other tissues from the fetus and eight other tissues from #tertening independent of proliferation. Fibroblastsvitro
72-yr-old man. Significant differenceP (< 0.001) were found show telomere shortening when exposed to high oxygen con-
in the shortest TRF size and in the variation of TRF lengttentrations, even when their proliferation is inhibited, suggest-
between the 20-wk fetus and the 72-yr-old man. The 72-yr-oiidlg that free radical-mediated damage may shorten telomeres
man showed the shorter and more variable TRF for all tissueslependent of replication (33) and may be prevented by
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antioxidant strategies (34). Hemodynamic stress may causg. Ultimately, we must study human kidneys to determine the
telomere shortening in arteries, but whether the mechanismmschanisms and significance of telomere shortening and other
dependent on proliferation is not known (22). candidate molecular changes of senescence. The TRF method
Telomere shortening may be accelerated by disease stressapjires more DNA than is available from needle biopsy spec-
either by proliferative or other mechanisms, and could reprieaens, hampering our ability to answer such questions directly.
sent a mechanism of disease progression. For example lrinthis regard, the slot blot adaptation described here may
active ulcerative colitis, mucosal cells of the affected coldiacilitate studies of human kidney biopsies. However, we still
show rapid turnover, and TRF length of the colonic mucosa néed methods to measure telomere changes and other candidate
patients with colitis was shorter than that of the controls and nfechanisms of senescence in microscopic renal components
uninvolved mucosa (35). Thus, telomere shortening in tie.g., arteries, glomeruli) and individual celks ., endothelial
colonic mucosa may contribute to the chronic pathology aglls) likely to be limiting in aging, in diseases, and in trans-
ulcerative colitis. Similarly, the stem cells of bone marrowlants.
transplant recipients show accelerated telomere shortening in
the recipient compared to the donors (23). Thus, cycles AEknowIedgments

injury and repair in disease states may cause critical telomereyis work was supported by operating grants from the Medical
shortening and eventually establish limits to tissue survival. fesearch Council of Canada, the Kidney Foundation of Canada,
the present study, we did not find differences between tissugsifmann-La Roche Ltd., and the Roche Organ Transplant Research
with histologic abnormalities and normal tissues. However, Waundation. We are grateful to Ryan Thomas and Jeff Ouelette in
have not sampled progressive and end-stage renal dise@gegomical Pathology at the University of Alberta Hospital for their
adequately to answer this question. assistance in preparation of the kidney specimens and to Sharon Paull,

The significance of telomere shortening in kidney over thEhulsi Paninickar, Mercy Koshy, Sherry Walker, and Nellie Sar-
range described is not cledn vitro, telomere length predicts Miento for assistance in acquiring the kidney samples.
replicative capacity and the propensity to develop replicative
senescence (28). Telomere shortening for a cell becomes dreferences
ical when even one telomere reaches its threshold, because theFliser D, Ritz E: Relationship between hypertension and renal
effects of telomere shortening are dominant. Cell replication function and its therapeutic implications in the elderly [Review].
ceases and the cell expresses a new pattern of gene expressiorférontology44: 123-131, 1998 _
characteristic of replicative senescence (36). The mean TRE Fliser D, Franek E, Joest M, Block S, Mutschler E, Ritz E: Renal
length in senescent fibroblasts is about 7 to 8 kbp but shows Iﬂgg:g: |I<r: d:;'/ ﬁj'?;’lrl_y:l 1Igépalc£0cif rggsrtens'on and cardiac
variation k_)etween clones. It is dn‘fl_cult.to extrapolate .from3. Epstein M: Aging and the kidney. Am Soc Nephrol: 1106—
cultured fibroblasts to whole organa vivo. To determine 1122, 1996
whether critical telomere shortening in the kidney contributeg | eyi M, Rowe JW: Aging and the kidney. IDiseases of the
to renal senescence, we need new information. First, we should kidney, 5th Ed., edited by Schrier RW, Gottschalk CW, Boston,
establish the rate of replication in renal cells at different ages Little, Brown, & Co., 1993, pp 2405-2432
and in disease states. Second, we should get estimates 5of Lindeman RD, Tobin J, Shock NW: Longitudinal studies on the
telomere shortening in individual cell typesg., intimal cells rate of decline in renal function with agé.Am Geriatr SoS83:
in arteries and mesangial cells. Third, we should determine 278-285, 1985
whether lesser degrees of telomere shortening can induce furfe- Goyal VK: Changes with age in the human kidnéyp Gerontol
tional changes without replicative senescence. Finally, we need 17 321‘_331’ 1982
to rule out the possibility that cells with short telomeres rapidly’ lSJ;Te[r)nS.lnggFéDS 1996 Annual Data Report, U.S. Renal Data
dlsappear, underestimating telomere shortenlng. 8. HaIIoraél PF, Melk A, Barth C: Rethinking chronic allograft

It is probable that molecular explanations will be found for

. - . nephropathy: The concept of accelerated senescence [Review].
normal renal aging, for the excess of end-stage disease in the j Am soc Nephral0: 167-181, 1999

elderly, for the poor performance of kidney transplants fromp. walker SR, Parsons DA, Coplestons P, Fenton SSA, Greig PD:
old donors, and for the sensitivity of older kidneys to acute The Canadian organ replacement register. Giinical Trans-
injuries. The development of new animal models and new plants,12th Ed., edited by Cecka JM, Terasaki Pl, Los Angeles,
technologies for studying human biopsy material would aid the UCLA Tissue Typing Laboratory, 1997, pp 91-107
identification of these mechanisms. Most common rat add. Strandgaard S, Hansen U: Hypertension in renal allograft recip-
mouse strains have very long telomeres, limiting their value in  i€nts may be conveyed by cadaveric kidneys from donors with
addressing the telomere regulation (37). Moreover, the changes SuParachnoid hemorrhagér J Med292: 1041-1044, 1986

in rat and mouse kidneys with age (38) differ from those int- SMitS JMA, De Meester J, Persin GG, Claas FHJ, Van-
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9 P ) pi€, Sp Report from the Eurotransplant International Foundation. In:
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