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Premature Aging in Mice
Deficient in DNA Repair and
Transcription
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One of the factors postulated to drive the aging process is the accumulation
of DNA damage. Here, we provide strong support for this hypothesis by de-
scribing studies of mice with a mutation in XPD, a gene encoding a DNA helicase
that functions in both repair and transcription and that is mutated in the human
disorder trichothiodystrophy (TTD). TTD mice were found to exhibit many
symptoms of premature aging, including osteoporosis and kyphosis, osteoscle-
rosis, early greying, cachexia, infertility, and reduced life-span. TTD mice car-
rying an additional mutation in XPA, which enhances the DNA repair defect,
showed a greatly accelerated aging phenotype, which correlated with an in-
creased cellular sensitivity to oxidative DNA damage. We hypothesize that
aging in TTD mice is caused by unrepaired DNA damage that compromises
transcription, leading to functional inactivation of critical genes and enhanced
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apoptosis.

DNA damage, particularly oxidative lesions
derived from normal metabolism, is thought
to contribute to aging, but the mechanisms
involved remain obscure (/—4). To counter-
act the effects of DNA damage, an intricate
network of DNA repair pathways has evolved
(5, 6). One important pathway is nucleotide
excision repair (NER), which removes helix-
distorting damage including major ultraviolet
(UV)-induced lesions, bulky chemical ad-
ducts, and some forms of oxidative damage
(7). Xeroderma pigmentosum (XP) patients
show the consequences of inherited defects in
NER: sun (UV) hypersensitivity, cancer pre-
disposition, accelerated aging of the skin,
and, frequently, neurodegeneration (8).

Of the seven XP genes (XPA-G), XPB
and XPD are exceptional because different
mutations in these genes also cause Cock-
ayne syndrome (CS) and a photosensitive
form of the brittle hair disorder trichothio-
dystrophy (TTD) (8—11). TTD and CS are
characterized by postnatal growth failure,
progressive neurological dysfunction, im-
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paired sexual development, skeletal abnor-
malities, and a strongly reduced life expect-
ancy, but not cancer predisposition (8, 12).
A clue to the intriguing clinical heteroge-
neity linked with XPB and XPD mutations
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Fig. 2. Cutaneous symptoms of aging in TTD mice.
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came with the discovery that these genes
encode DNA helicase subunits of the tran-
scription factor ITH (TFIIH) complex (13,
14), which have dual functions: local open-
ing of the DNA around a lesion during NER
(15) and opening of the promoter DNA
during transcription initiation (/6). Thus,
XPB and XPD mutations may not only
compromise NER, causing photosensitivi-
ty, but may also affect transcription (17).
To obtain insight into the complex patho-
physiology of TTD, we generated mice car-
rying an XPD point mutation [Arg7??*—Trp
(R722W)] found in TTD patients. TTD mice
displayed many features of the human dis-
ease and partial defects in transcription and
repair (18, 19). Here, we report that TTD
mice develop premature aging features
caused by DNA damage.

Premature aging phenotype. Through
regular observation of a large group of TTD
and wild-type (wt) littermates (20), we no-
ticed that TTD mice acquired an “aged” ap-
pearance beginning at ~3 months of age (Fig.
1). This, together with a shortened life-span
(average <12 months, compared with >2
years for wt littermates, P < 0.0001), early
cessation of development (see /8), and ca-
chectic dwarfism, prompted us to conduct a
more systematic analysis of parameters indic-
ative of premature aging.

TTD mice have brittle hair, the hallmark
of TTD (18), that is normally pigmented (Fig.

Fig. 1. TTD mice develop
normally, then show a
premature aging pheno-
type. Shown are wt (A
and C) and TTD (B and D)
mice at age ~3 months
(A) and (B) and 15 to 16
months (C) and (D). Prog-
eroid symptoms (cachex-
ia and kyphosis) start to
develop in TTD mice at
age 3 to 4 months on-
ward and become in-
creasingly severe.

(A) Typical example of early depigmentation in

the fur of a 13-month-old black TTD mouse. No depigmentation was observed in age-matched wt
mice [see table 1in (27)]. (B) Follicular dilation and sebaceous gland hyperplasia (asterisk) in TTD
compared to wt skin. Note the hyperkeratotic TTD epidermis (indicated by an arrow). The bar is

~100 pm.
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1B). However, they showed patchy depig-
mentation (Fig. 2A) earlier and more fre-
quently than did wt littermates [table 1 in
(21)]. Melanocytes were absent from grey
skin patches, with foci of melanin granules in
macrophages as found in normal greying
(22). Young TTD mice also developed greasy
hair and showed (benign) hyperplasia of the
sebaceous gland (Fig. 2B), as observed in
human aging (23).

The sexual behavior of most young fe-
male TTD mice appeared unimpaired (indic-
ative of a normal hormonal status) and occa-
sionally led to full-term pregnancy. TTD

Fig. 3. Heterogeneous
ovarian dysfunction in
TTD females. (A) Ova-
ry from a wt control
animal at oestrus.
Note the presence of
old and new corpora
lutea. (B and C) Ova-
ries from TTD fe-
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males were also fertile until at least 7 months
of age [table 1 in (21)]; thus, initial sexual
development per se is unimpaired. However,
TTD females appeared to lose fertility over
time, and to lose it early, because they never
produced more than one litter and never after
6 months of age. TTD females (n = 8, age
~16 months) displayed ovarian dysfunction
ranging from complete anovulation to spo-
radic, seemingly normal, ovulation (Fig. 3).
There was no cotrelation between the sever-
ity of cachexia and the degree of anovulation,
which suggests that the fertility defects were
not due to nutritional problems. Rather, they

males. Two groups of TTD animals could be discerned on the basis of ovarian histology. In the first
group (three animals), no signs of an active oestrus cycle were found (B). Ovaries were very small
and contained immature preantral and small antral follicles, but no preovulatory follicles. In
addition, little interstitium and absent corpora lutea implied complete anovulation. In these
animals, a copulatory plug was never observed, probably resulting from the absence of an oestrus
cycle. (C) In the other group (five TTD females), a broad range of ovarian dysfunction ranging from
complete anovulation to sporadic normal ovulation was found (note the presence of antral follicles
with new corpora lutea, but absence of corpora lutea from previous cycles, indicating infrequent
ovulation). Ncl, newly formed corpus luteum; ocl, old corpus luteumn. The bar is 500 wm.

Fig. 4. Skeletal abnormalities in
aging TTD mice. Radiograph of a
wt (A and C) and TTD (B and D)
mouse at age 2 months (A) and
(B) and 14 months (C) and (D).
Old, but not young, TTD mice
display curvature of the spinal
column  (kyphosis), decreased
mineral density in vertebrae and
limbs, and increased mineral
density of the skull. (E) Quanti-
tation (27) of mineral density of
the vertebrae and skull in 14-
month-old wt and TTD mice.
The average for skull and verte-
bral density (arrows) was signif-
icantly different from wt (P <
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0.01). Head circumference and length of the tibia were not significantly different (22).
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resembled the fertility defects seen in aging
rodents (24) and in menopausal women.

Although 2- to 4-month-old TTD mice
showed no detectable skeletal abnormalities,
radiographs of 14-month-old TTD mice re-
vealed prominent kyphosis (curvature of the
spinal column) (Fig. 4, A to D) and a gener-
alized reduction in radiodensity of the skele-
ton, except for the skull. The mineral density
of TTD vertebrae was 56% that of wt mice
(P < 0.01), and the density of the TTD skull
was 119% that of wt (P < 0.05, Fig. 4E).
Osteosclerosis of the cranium and character-
istic birdlike facies have been reported in
TTD patients (25). The osteoporosis and con-
comitant kyphosis exhibited by TTD mice are
hallmarks of aging in humans.

The most life-threatening symptom of
TTD patients is failure to thrive, which leads
to cachexia and, in turn, to a susceptibility to
infections, which is a frequent cause of death
(12). Cachexia in TTD mice was progressive,
heterogeneous in onset and severity, and fol-
lowed by premature death. At 6 months of
age, TTD mice showed mild normochrome
anemia [table 2 in (21)] and significantly
decreased serum levels of the branched-chain
amino acids (valine, leucine, and isoleucine)
[table 3 in (2/)], which is indicative of star-
vation (26). Anatomical, histological, and
biochemical analysis indicated that starvation
was not due to aberrant food uptake or mal-
absorbtion (22). The TTD mice did not show
histological abnormalities in other vital or-
gans such as the liver, kidney, or heart, except
for an enlarged spleen, which might be relat-
ed to the mild anemia.

A complete NER defect dramatically
enhances the severity of the TTD phe-
notype. In view of the dual function of
XPD, the accelerated aging features could be
a result of impaired transcription, impaired
NER, or a combination of the two. A DNA
repair defect alone seemed unlikely because
TTD patients and mice have considerable
residual NER activity (19), whereas XP-A
patients and mice, who have a complete NER
defect, do not display premature aging
(8, 27, 28).

To examine whether TTD aging was due
to a defect in transcription, independent of
NER status, we crossed TTD mice with mice
carrying an XPA null allele (27). Combined
homozygosity for XPA and TTD was found
to be compatible with normal embryogenesis
but was associated with increased neonatal
lethality [table 4 in (21)], which suggests that
the combined mutations reduced the toler-
ance of mice to stress. The surviving double-
mutant mice exhibited a retarded but steady
growth in the first 1.5 weeks, but failed to
gain further weight after 2 to 3 weeks, and
developed dramatically runted growth and
extreme cachexia resulting in a severely
shortened life-span of only 22 days (n = 10)
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(Fig. 5). The life-span could not be extended
by providing newly lactating mothers to the
pups. Most double mutants showed a dis-
turbed gait, suggesting that neurodysfunction
was more pronounced than in the TTD mice,
and all double mutants developed spinal ky-
phosis indicative of osteoporosis. Two XPA/
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TTD double mutants escaped juvenile death
and lived to 4 and 12 months of age. Patho-
logical analysis did not reveal defects in any
organ, except for complete absence of body
fat, including subcutaneous fat (Fig. 5C). The
cachexia in the XPA/TTD mice resembled
the progressive pathology of the TTD mu-
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Fig. 5. Phenotype of XPA/TTD double-mutant mice. (A) Photograph of a 3-week-old XPA/TTD
double-mutant (left), TTD (middle), and XPA (right) mouse. After normal embryogenesis, double
mutants develop severe growth retardation, neurologic abnormalities, kyphosis (indicative of
osteoporosis), and extreme cachectic appearance. (B) Body weight of wt, TTD, and XPA/TTD
double-mutant littermates. Note the very mild growth delay of TTD mice and the severe growth
retardation of the XPA/TTD mouse, with typical loss of body weight preceding death within ~3
weeks. (C) Histology of wt and XPA/TTD skin. XPA/TTD skin exhibits a dramatically enhanced
phenotype of severe dilation of the hair follicles, massive hyperkeratosis, and complete absence of
subcutaneous fat tissue. ep, epidermis; de, dermis; sft, subcutaneous fat tissue; sm, skeletal muscle.
The bar is ~200 pm.
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Fig. 6. DNA repair functions of MEFs from TTD, XPA, and XPA/TTD double-mutant embryos. (A)
UV sensitivity of MEFs of the indicated genotypes. (B) UV-induced DNA repair synthesis and (C)
recovery of RNA synthesis after UV-irradiation of MEFs of the indicated genotype (expressed as %
of wt activity). (D) Hypersensitivity of XPA/TTD cells to oxidative damage. MEFs of the indicated
genotype were exposed to increasing concentrations of paraquat for 3 days. Three wt and two
"XPA/TTD double-mutant MEF cell lines have been tested in =3 experiments with identical results
[see (27) for methods].

tants in manifestation and as a cause of death,
but it developed at a vastly accelerated rate.
Surprisingly, other typical TTD characteris-
tics were also much more pronounced in
XPA/TTD mutants: excessive epidermal hy-
perkeratosis and severe dilation of hair folli-
cles (Fig. 5C). This suggests. that the com-
plete absence of NER enhances the transcrip-
tional insufficiency thought to be responsible
for the cutaneous abnormalities (18).

TTD/XPA double-mutant cells are hy-
persensitive to oxidative stress. These
findings suggest that unrepaired DNA lesions
of endogenous origin aggravate the TTD
symptoms in double-mutant mice. Although
oxidative DNA damage is primarily —(but not
exclusively) repaired by the base-excision re-
pair pathway rather than by NER (6), we
focused on this type of endogenous damage,
because it has already been implicated in
aging. As expected, experiments measuring
survival, DNA repair synthesis, and the re-
covery of RNA synthesis after UV exposure
all showed that the partial repair deficiency of
TTD was converted to the total NER defect
of XPA (Fig. 6, A to C). Sensitivity to oxi-
dative injury was determined by exposure of
cells to a continuous low dose of paraquat for
3 days (21, 29, 30). Although XPA and TTD
single-mutant cells showed a survival curve
similar to that of wt cells, XPA/TTD double
mutants were clearly more sensitive (Fig.
6D), showing a survival curve similar to that
of Cockayne Syndrome group B (CSB)-
deficient fibroblasts, which are completely
deficient in repair of transcription-blocking
lesions (7). The TTD/XPA and CSB cells
were also hypersensitive to a fractionated
dose of x-irradiation (22). The synergistic
effect of the XPA/TTD double mutant both at
the organismal level and in terms of sensitiv-
ity to oxidative damage provides evidence for
a causal link between DNA damage and the
dramatically enhanced aging features.

Discussion. The fact that TTD mice de-
velop normally until adulthood indicates that
the phenotype we describe here is not the
result of aberrant development but rather re-
flects bona fide aging. Because TTD is asso-
ciated with several features of normal aging,
it can be considered a segmental progeroid
disorder (37). In comparison to other prog-
eroid disorders, such as Werner, Cockayne,
and Bloom syndromes (32, 33), TTD is asso-
ciated with much faster aging. Patients with
the XPD R72°W mutation mimicked in the
mouse did not live longer than 5 years (34).
This interpretation is reinforced by the recent
description of two TTD sisters who were less
than 5 years old but were described as look-
ing prematurely aged (35). Moreover, many
TTD symptoms overlap with those seen in
CS, a well-characterized progeroid condition
@, 17).

Several observations suggest that DNA is
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a critical target in relation to premature aging.
Telomere shortening has been implicated in
the aging phenotype of highly proliferative
tissues (36-39). Cells from patients with
Wermer, Cockayne, and Bloom syndromes
display genome instability that is caused by
defects in DNA helicases (40—42) similar to
the XPB and XPD helicases affected in TTD.
Our work on TTD mice, and particularly on
XPA/TTD double-mutant mice, highlights
the role of DNA damage, repair, and tran-
scription in the onset of premature aging.
Interestingly, CSB and Cockayne Syndrome
group A mice, which have a defect in the
repair of transcription-blocking lesions (tran-
scription-coupled repair) but normal global
genome NER (43), exhibit the same dramatic
TTD/XPA double-mutant phenotype when
crossed with XPA mutants (22). However,
when the NER defect is incomplete—as in
the cases of TTD/CSB and TTD/XPC double
mutants (which have some residual repair)—
the enhancement of the TTD features is less
pronounced (22). These results suggest that
the residual repair activity in TTD and in the
latter double mutants can still cope with the
low level of endogenous damage and thus
prevent most of the deleterious effects. Thus,
the level of residual repair appears to modu-
late the severity and rate of CS/TTD aging
symptoms. In the complete absence of any
NER and transcription-coupled repair, death
can occur within 3 weeks.

The candidate lesions that trigger the on-
set of aging in TTD are most likely those that
arise from endogenous insults, block tran-
scription, and serve as substrates for NER.
Although some alkylating and cross-link le-
sions fall into this category, we favor 5',8-
purine cyclodeoxynucleotides (44, 45) and
other oxidative damage (46). First, a causal
relation between oxidative stress and aging
has long been suspected. For example, caloric
restriction experiments have implicated the
generation of reactive oxygen species and
oxidative damage derived from cellular me-
tabolism in the pathogenesis of aging (/).
Second, defective transcription-coupled re-
pair of oxidative DNA injury is thought to
trigger the onset of CS symptoms (46—48).
Third, we find that the TTD/XPA double-
mutant mouse embryo fibroblasts (MEFs) are
hypersensitive to x-rays and paraquat. How-
ever, other types of DNA lesions may also be
important. TTD cells are not sensitive to
paraquat or x-rays, suggesting a role for other
lesions in TTD aging. Endogenously gener-
ated DNA cross-links are thought to be in-
volved in the cellular and hepatic senescence
phenotype of mice deficient in the repair gene
ERCCI (49), and a previously undescribed
premature aging syndrome in man has been
traced to mutations in the ERCC1/XPF com-
plex (22). Finally, mice defective in the dou-
ble-strand break-repair protein Ku86 exhibit
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features of early aging (50). Together, these
observations indicate that DNA damage—in-
duced genome dysfunction underlies the ag-
ing process.

What is the molecular mechanism under-
lying the premature aging in TTD mice? We
propose that DNA damage persists longer
and accumulates in TTD mice because the
XPD mutation impairs not only global ge-
nome NER but also transcription-coupled re-
pair of any lesions that stall elongating RNA
polymerase II. Because XPD is also thought
to function in removal of the blocked poly-
merase (5—7, 46), the stalled RNA polymer-
ase II complex may persist longer in TTD, in
turn preventing repair (46, 51, 52). Conceiv-
ably, this would cause gene inactivation and
trigger apoptosis (53—55), leading to func-
tional decline and depletion of cell renewal
capacity. Both cell death and impaired cell
functioning may underlie the aging pheno-
type in TTD. In support of this model is
recent work showing that mice expressing a
hyperactive p53 mutant also exhibit acceler-
ated aging (56) that is likely to be due to
increased apoptosis. Obviously, any events
causing gene inactivation or cell death such
as telomere attrition, chromosomal instabili-
ty, and increased levels of oxidative damage
might accelerate aging.

In conclusion, our data strongly support
the DNA damage theory of aging and suggest
a significant role of transcription decay and
subsequent cell death in its pathophysiology.
The TTD mice may also prove to be a useful
experimental model for further dissecting the
molecular basis of aging.

References and Notes

1. G. M. Martin, S. N. Austad, T. E. Johnson, Nature
Genet. 13, 25 (1996).

. M. E. Dolle et al., Nature Genet. 17, 431 (1997).

F. B. Johnson, D. A. Sinclair, L. Guarente, Cell 96, 291

(1999).

T. B. Kirkwood, S. N. Austad, Nature 408, 233 (2000).

J. H. J. Hoeijmakers, Nature 411, 366 (2001).

. T. Lindahl, R. D. Wood, Science 286, 1897 (1999).

W. L. de Laat, N. G. J. Jaspers, J. H. J. Hoeijmakers,

Genes Dev. 13, 768 (1999).

. D. Bootsma, K. H. Kraemer, J. E. Cleaver, J. H. J.
Hoeijmakers, in The Genetic Basis of Cancer, B. Vo-
gelstein, K. W. Kinzler, Eds. (McGraw-Hill, New York,
1998) pp. 245-274.

9. M. Stefanini et al., Hum. Genet. 74, 107 (1986).

10. W. Vermeulen et al., Am. J. Hum. Genet. 54, 191
(1994).

11. A. R. Lehmann, Genes Dev. 15, 15 (2000).

12. P. H. Itin, M. R. Pittelkow, /. Am. Acad. Dermatol. 22,
705 (1990).

13. L. Schaeffer et al., Science 260, 58 (1993).

14. L Schaeffer et al., EMBO J. 13, 2388 (1994).

15. E. Evans, ). G. Moggs, J. R. Hwang, J. M. Egly, R. D.
Wood, EMBO J. 16, 6559 (1997).

16. F. C. Holstege, P. C. van der Vliet, H. T. Timmers,
EMBO J. 15, 1666 (1996).

17. W. Vermeulen et al., Cold Spring Harbor Symp.
Quant. Biol. 59, 317 (1994).

18. J. de Boer et al., Mol. Cell 1, 981 (1998).

19. J. de Boer et al., Cancer Res. 59, 3489 (1999).

20. The generation of TTD mice by gene targeting of the
XPDR722W allele in embryonic stem cells has been
described previously (78). XPD*/* and XPD+/R722W
mice are referred to as wt mice, and XPDR722W/R722W

wnN

Nown s

©

21.

22.

23,

24.

25.

26.

27.

29.

30.

31.

33,

34.

36.
37.
39.
41.
-
43.
45.

47.

49.
50.

51.
52.

53.
54.
55.

56.

mice are referred to as TTD mice. For proper com-
parison, all mice used in these experiments were in a
mixed 129/C57Bl/6 background and kept under iden-
tical conditions. XPA-deficient mice have been char-
acterized previously (27). Genotyping was done as
described in (78).

Supplementary materials and experimental proce-
dures are available on Science Online at www.
sciencemag.org/cgi/content/full/1070174/DC1.

J. de Boer et al., unpublished results.

P. Kumar, S. P. Barton, R. Marks, Br. J. Dermatol. 118,
397 (1988).

R.G. Gosden, S. C. Laing, L. S. Felicio, J. F. Nelson, C. E.
Finch, Biol. Reprod. 28, 255 (1983).

C. McCuaig, D. Marcoux, J. E. Rasmussen, M. M.
Werner, N. E. Gentner, . Am. Acad. Dermatol. 28,
820 (1993).

H. ). Bremer, M. Duran, J. Kamerling, H. Przyrembel,
S. K. Wadman, in Disturbances of Amino Acid Metab-
olism: Clinical Chemistry and Diagnosis (Urban and
Schwarzenburg, Baltimore-Munich, 1981), pp. 80—
82.

A. de Vries et al., Nature 377, 169 (1995).

. H. Nakane et al., Nature 377, 165 (1995).

B. J. Day, J. D. Crapo, Toxicol. Appl. Pharmacol. 140,
94 (1996).

M. Murakami, K. Eguchi-Kasai, K. Sato, Mutat. Res.
336, 215 (1995).

G. M. Martin, J. Oshima, Nature 408, 263 (2000).

. J. Oshima, In Vivo 14, 165 (2000).

J. O. Nehlin, G. L. Skovgaard, V. A. Bohr, Ann. N.Y.
Acad. Sci. 908, 167 (2000).
E. Botta et al., Am. J. Hum. Genet. 63, 1036 (1998).

. S. P. Toelle, E. Valsangiacomo, E. Boltshauser, Eur. J.

Pediatr. 160, 728 (2001).

M. H. Goyns, W. L. Lavery, Mech. Ageing Dev. 114, 69
(2000).

K. L. Rudolph et al., Cell 96, 701 (1999).

. . Vijg, Mutat. Res. 447, 117 (2000).

J. Campisi, In Vivo 14, 183 (2000).

. C. E. Yu et al., Science 272, 258 (1996).

C. Troelstra et al., Cell 71, 939 (1992).
N. A. Ellis et al., Cell 83, 655 (1995).
G. T. J. van der Horst et al., Cell 89, 425 (1997).

. I. Kuraoka et al., Proc. Natl. Acad. Sci. U.S.A. 97,

3832 (2000).
P. J. Brooks et al., J. Biol. Chem. 275, 22355 (2000).

. F. Le Page et al., Cell 101, 159 (2000).

S. A. Leadon, P. K. Cooper, Proc. Natl. Acad. Sci.
U.S.A. 90, 10499 (1993).

. P. K. Cooper, T. Nouspikel, S. G. Clarkson, S. A.

Leadon, Science 275, 990 (1997).

G. Weeda et al., Curr. Biol. 7, 427 (1997).

H. Vogel, D. S. Lim, G. Karsenty, M. Finegold, P. Hasty,
Proc. Natl. Acad. Sci. U.S.A. 96, 10770 (1999).

P. C. Hanawalt, Nature 405, 415 (2000).

E. Citterio, W. Vermeulen, J. H. J. Hoeijmakers, Cell
101, 447 (2000).

M. Yamaizumi, T. Sugano, Oncogene 9, 2775 (1994).
M. Ljungman, F. Zhang, Oncogene 13, 823 (1996).
G. Conforti, T. Nardo, M. D’Incalci, M. Stefanini,
Oncogene 19, 2714 (2000).

S. D. Tyner et al., Nature 415, 45 (2002).

. We thank J. den Hollander, M. Gijbels, R. Jankie,

and P. Kramer for excellent technical assistance;
J. T. J. Uilenbroek for photographic work; L. Braam
and coworkers for animal care; and D. Bootsma for
stimulating interest and support. Supported by the
Dutch Cancer Society (projects 94-763, 98-1774,
and 1800), the Spinoza premium, and the Research
Institute for Diseases in the Elderly. Funded by the
Ministry of Education and Science and the Ministry
of Health, Welfare and Sports, through the Neth-
erlands Organization for Scientific Research; an
NIH program grant (AG 17242-02); the European
Community (QLRT-1999-02002); and the Louis
Jeantet Foundation.

24 January 2002; accepted 15 March 2002
Published online 11 April 2002;
10.1126/science. 1070174

Include this information when citing this paper.

1279



	Cit r388_c391: 


