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Objectives: To evaluate the overall incidence of
microsatellite instability (MSI), hereditary non
polyposis colorectal cancer, and tumor supressor gene
(TP53) mutations in Saudi colorectal carcinomas.

Methods: We studied the MSI pathway in Saudi
colorectal cancers (CRC) from 179 unselected patients
using 2 methods: MSI by polymerase chain reaction, and
immunohistochemistry detection of mutl. homologs 1
and mutS homologs 2 proteins. The TP53 mutations
were studied by sequencing exons 5, 6, 7, and 8.

Results: Of the 150 colorectal carcinomas analyzed for
MSI, 16% of the tumors showed high level instability
(MSI-H), 19.3% had low-level instabilicy (MSI-L) and
the remaining 64% tumors were stable. Survival of the
MSI-H group was better as compared to the MSI-L or
microsatellite stable group (p=0.0217). In the MSI-H
group, 48% were familial MSI tumors, which could be
attributable to the high incidence of consanguinity in the
Saudi population. The TP53 mutations were found in
24% of the cases studied.

Conclusions: A high proportion of familial MSI cases
and a lower incidence of TP53 mutations are some of
the hallmarks of the Saudi colorectal carcinomas, which
need to be explored further.
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he incidence of colorectal cancer (CRC) seems

to be rising in the Kingdom of Saudi Arabia.'
Consanguineous marriage is relatively common in the
Kingdom and it might be expected that a number of
cancers would be of hereditary type.? It has also been
suggested that the CRC in the Kingdom presents at
an earlier age is more aggressive and larger than similar
cancer in the west. The study was carried out to see
if there was any evidence to support the hypothesis
that there were higher number of hereditary tumors
in the Kingdom than in the west, to determine the
incidence of hereditary non-polyposis colorectal cancer
(HNPCC) which also might be expected to be higher,
and to examine whether there are any genetic markers
which differed from the west to explain the apparent
aggression of tumors.’ The CRC consists of 2 subtypes:
the chromosomal instability (CIN) subtype associated
with loss of function of the tumor suppressor gene
TP53 resulting in accumulation of mutations,* and
microsatellite instability (MSI) subtype, accounting
for approximately 20% of the cases, characterized by
inactivation of the mismatch repair (MMR) proteins.>®
The MSI, occurring in familial colorectal carcinomas has
been termed HNPCC and accounts for 2-5% of all the
CRC. Sporadic CRC arising from loss of DNA MMR
protein accounts for 15% of all the cases. Identifying
MSI pathway in CRC is of great importance as it helps
in HNPCC proband identification. There are prognostic
as well as evolving therapeutic differences between
the 2 molecular subtypes: MSI-high (MSI-H) versus
MSI-low/MSS (MSI-L/MSS).” Although mutations in
MMR genes are believed to account for most HNPCC
cases, methylation of the MMR gene sequences is the
main underlying mechanism in most sporadic CRC
with MSI-H phenotype.®'° The TP53 gene, located on
the short arm of chromosome 17 (17p13.1), is involved
in control of cell cycle, DNA repair, genomic plasticity,
and programmed cell death." The aim of this study was
to evaluate the overall incidence of MSI-H, HNPCC,

and TP53 mutations in Saudi colorectal carcinomas.

Methods. PFuatients and tumor samples. Archival
paraffin  blocks were collected from 179 patients
diagnosed with colorectal carcinoma, and treated at
King Faisal Specialist Hospital and Research Centre
between January 1989 and December 2003. A detailed
family history was obtained from the medical charts for
all patients. Cancer pedigrees were traced backwards
and laterally at least up to second-degree relatives.
All the patients fulfilling the revised Bethesda criteria
guidelines whose tumor showed MSI, and loss of
expression of mutL homolog 1 (MLH1) or human
mutS homolog 2 (MSH2) by immunohistochemistry
(IHC) were classified into familial MSI or HNPCC
cases.'? The Institutional Review Board of the King
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Faisal Specialist Hospital and Research Centre approved
the study.

Tissue microarray (TMA). The TMA construction
was as described before.”® Briefly, 3 cores of tissue
cylinders with a diameter of 0.6 mm were punched
from representative regions of each “donor” tumor
block, and brought into recipient paraffin block using a
modified semi-automatic robotic precision instrument
(Beecher Instruments, Woodland, USA).

DNA extraction and purification. Genomic DNAs
were extracted from paraffin embedded matched
normal and neoplastic primary tissues using Gentra kit
(Minneapolis, MN, USA) following the manufacturer’s
recommendation.

Microsatellite  markers and  analyses.  Allelic
imbalances were measured by performing MSI on all
matched normal and tumor tissue by polymerase chain
section (PCR) amplification. A reference panel of 5 pairs
of microsatellite primers, comprising 2 mononucleotide
microsatellite (BAT25, BAT26) and 3 dinucleotide
microsatellites (D2S123, D5S346, and D175250) were
used to determine tumor MSI status.®

Mutational analysis of TP53 gene, PCR amplification.
Exons 5-8 of the TP53 gene were amplified separately
using the following primer sequences: exon-5-forward:
5>GACTTTCAACTCTGTCTC3>,
reverse: 5>CTGGGGACCC-CTGGGCAAC3>;
exon-6-forward: 5>GAGACGACAGGGCTGGTT3>,
reverse: 5>CCACTGACAACCACCCTT3>;
exon-7-forward 5>CCAAGGCGCACTGGCCTC3>,
reverse:  5>GCGGCAAGCAGAGGCTGG3>; and
exon-8-forward: <CCTTACTG-CCTCTTGCTT3>,
reverse 5> TGAATCTGAGGCATAACTGC3>.
Sequencing was carried out on an automated DNA
sequencer (Molecular Dynamics, Piscataway, NJ).
Mutational analysis was carried out using DNA
SEQMAN software (DNASTAR Inc., Madison, WI).
Presence of mutation was considered when both strands
showed base pair changes.

Immunobhistochemistry. Colorectal carcinoma TMA
section with positive control sections of normal colon
and colorectal carcinoma were used for staining. The
Dako mouse Envision System kit (DAKO, code No:
K4001) was used as the secondary detection system with
Diaminobenzidine as chromogen. Details of antibodies
used, antigen retrieval steps, and staining are shown in
Table 1. Staining was considered adequate where nuclear
staining was seen in either stromal lymphocytes or in
normal colonic epithelial cells in base of crypts. Loss of
expression was recorded when none of the tumor nuclei
stained for either MLH1 or MSH2, and these tumors
were classified as MSI-IHC.

Statistical analysis was performed using SAS’s (SAS
Institute Inc.) JMP 5.1 software (Cary, NC, USA), and
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all p-values reported are 2-tailed. Contingency analysis
and Chi square tests were used to examine relationships
between nominal variables. P-values less than 0.05 were
regarded as statistically significant. Surviving curves
were plotted according to the Kaplan-Meier method,
and were analyzed by log-rank test.

Results. MSI analysis by PCR amplification. Of
the 150 tumors, 25 (16.6%) showed allelic shifts in 2

Table 1 - Antibodies used for immunohistochemistry study.

or more loci, and were designated MSI-H. Of the 25
MSI-H cases, 12 were classified as HNPCC (fulfilling
revised Bethesda criteria and were MSI-IHC), thus
constituting 48% of the total MSI cases. Of these 12
HNPCC cases, MSH2 staining was negative in 8 cases,
and MLHI in 4 cases. Allelic shift in only one locus
was demonstrated in 29 tumors (19.3%), and were
designated as MSI-L. The remaining 96 cases (64%)
designated as MSS showed no changes in any of the loci

(Figure 1).

Antigen Antibody Dilution Source Antigen retrieval Interpretation
clone
MLH1 G-168-15 1:100 BD Pharmingen Microwaved at 750 W for 5 minutes Complete absence
and 250 W for 15 minutes in with an internal
MSH2 FE-11 1:500 Zymed Lab ethylenediaminetetraacetic acid buffer positive control
solution, pH 9.0, followed by cooling for
15-20 minutes
p53 DO-7 1:50 Dako Citrate buffer pH 6.0 Positive if >10% of

tumor nuclei showed
unequivocal staining

MLHI - mutL homologl, MSH2 - mutS homolog2, W - Watts
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Figure 1 - Fragment pattern of a microsatellites instability (MSI) -
high showing MSI at all 5 loci analyzed in the following
order: BAT25, BAT26, D55346, D25123, and D175250.

(N - normal, T - tumor)

Figure 2 - Loss of expression of mismatch repair proteins a) mutS
homolog 2 (hMSH2) and b) mutL homolog 1 (hMLH1),
normal expression of ¢) hMSH2 and d) hMLHI. Internal
positive control (lymphocytes and/or stromal fibroblast nuclei)
are staining positive in all cases.
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Immunohistochemistry. Among the 179 cases
evaluated for THC, 19 (11.2%) were classified as
tumors showing loss of expression for MLHI or
MSH2, 150 (87.5%) as tumors showing expression for
MLH1 and MSH2, and the remaining 10 cases were
non contributory (Figure 2). Among the MSI group,
a preponderance of MSH2 abnormalities was noted
as 14 (73.6%) tumors showed absence of staining for
MSH2. A further 5 tumors (26.3%) showed absence of

staining for MLH1. Analyzable data for MSI molecular
and MSI-IHC was available in 145 cases. Only 12 of
the total 25 MSI-H cases showed loss of staining for
either MLHI1 (4 cases) or MSH2 (8 cases). Of the 19
discordant cases, 13 cases were MSI-H by PCR and
showed expression for MLH1 or MSH2 by IHC (false
negative cases). The remaining 6 discordant cases were
MSS/MSI-L by PCR results however showed loss of
expression for MLH1 or MSH2 by IHC (false positive

Table 2 - Correlation between MSI-H status and clinicopathological features in colorectal carcinoma.

Parameters MSS/MSI-L MSI-H P-value
n (%) n (%) n (%)

Age 150
<50 years 59 (39.3) 48 (81.4) 11 (18.6) 0.6026
>50 years 91 (60.7) 77 (84.6) 14 (15.4)

Gender 150
Male 77 (51.3) 65  (84.4) 12 (15.6) 0.7149
Female 73 (48.7) 60 (82.2) 13 (17.8)

Tumors site 150
Left colon 134 (89.3) 116 (86.6) 18 (13.4) 0.0062
Right colon 16 (10.7) 9 (56.3) 7 (43.7)

Histological type 150
Adenocarcinoma 144 (96.0) 120 (83.3) 24 (16.7) 1.000
Mucinous carcinoma 6 (4.0) 5 (83.3) 1 (16.7)

Tumors size 125
Less than 5 cm 68 (54.4) 61 (89.7) 7 (10.3) 0.0951
More than 5 cm 57 (45.6) 45 (78.9) 12 (21.1)

Tumor stage (Duke’s) 142
A 26 (18.3) 22 (84.6) 4 (15.4) 0.0625
B 48 (33.8) 35 (72.9) 13 (27.1)
C 68 (47.9) 61 (89.7) 7 (10.3)

Differentiation 150
Well 5 (3.3) 4 (80.0) 1 (20.0) 0.6064
Moderate 126 (84.0) 104 (82.5) 23 (17.5)
Poor 19 (12.7) 17 (89.5) 2 (10.5)

Lymph nodes 131
Negative 70 (53.4) 54 (77.1) 16 (229 0.0193
Positive 61 (46.6) 56 (91.8) 5 8.2)

P53 mutation 113
Negative 86 (76.1) 71 (82.0) 15 (17.4) 0.0029
Positive 27 (23.9) 27 (100.0) 0 (0)

MSI-IHC 145
MSI 18 (12.4) 6 (33.3) 12 (66.7) <0.0001
MSS 127 (87.6) 114 (89.8) 13 (10.2)

MSS/MSI-L - microsatellite stable/microsatellite instability-low, MSI-H - microsatellite instability-high,
MSI-IHC - miscrosatellite instability analysis by immunohistochemistry.
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cases). The TP53 over expression by IHC was seen in
67.3% (95 of 141) of the colorectal carcinomas and
correlated with TP53 mutation data (p=0.0421).

Clinicopathological parameters. The MSI-H tumors
showed no correlation with age, gender, grade, or stage.
However MSI-H tumors were more common in the
right colon as compared to the left colon (p=0.0062)
and a trend was seen with larger size (»=0.09). The
MSI-H tumors were less likely to show lymph node
metastasis (p=0.0193), and a trend was seen with
larger size (p=0.09) as compared to MSS/MSI-L group
(Table 2).

Frequency of TP53 mutations in CRC. The TP53
mutations were detected in 27 of the 113 carcinomas
(23.8%). Total mutations of 52.5% of total mutations
were detected in exon 8 (hot spot codon 273), while the
remaining mutations were distributed between exons 5,
6, and 7. An inverse correlation was seen between MSI-
H status and TP53 mutations, which was statistically
significant (p=0.0029).

MSI-H versus MSS/MSI-L phenotype and survival.
The median follow-up of the total study population
was 31 months, and the maximum follow-up was 139
months. Twenty patients died (16 patients with MSI-S
expression and 4 patients with MSI-L expression). The
25 patients with MSI-H expression had a significantly
better overall survival (p=0.0321) than the 125 patients
with MSS or MSI-L expression.

Discussion. This is a pilot study to characterize
the genomic instability pathways in CRC, the fourth
most common cancer in Saudi Arabia. Considering
the impact of ethnic differences and a potential role of
future targeted therapies, the findings in this paper will
pave a way for future studies, which will elucidate the
role of genomic instability in colon cancers in the Arab
population. Findings of this study help in establishing
screening strategies in CRC to identify the HNPCC
cases, and also will have immediate therapeutic
relevance. Overall, evidence of DNA MSI was found
in 16.6% patients with colorectal carcinomas. This is
within the range (12-24%) previously published for
sporadic MSI-H colorectal carcinomas. Studies have
shown that MSI-H colorectal carcinomas are associated
with a specific clinicopathological phenotype.>'¢ In our
study we found that MSI-H tumors had a predilection
to involve right colon (p=0.0062), had a lower risk of
lymph node metastasis (»=0.0193), and presented with
a less advanced Dukes stage (p=0.0625) as compared
to MSS or MSI-L tumors. Examination of treatment
outcomes for this relatively small and non-uniform
cohort did show a survival advantage for MSI-H
colorectal carcinomas as compared to MSI-L/MSS
subset of colorectal carcinomas (p=0.0217). This is in

concordance with earlier reports of MSI-H colorectal
carcinomas, having a better survival as compared to
MSI-L and MSS tumors.'”

Evaluating cases for Amsterdam criteria posed
unique difficulties.”"** The data of colon cancer collected
addresses one important issue: due to lack of modern
healthcare system up to the late 1970’ it is impossible
to depend on the information given by the patients,
especially if they do not know the diagnosis from which
their family member suffered or died. To overcome this
problem, we defined those cases as HNPCC which
fulfilled the revised Bethesda criteria and were MSI-H
on MSI testing along with loss of expression of MLH1,
or MSH2 protein by IHC. This definition was shown
in a recent study to have a overall accuracy of 98.1%,
with a sensitivity rate of 72.7% and a specificity of
98.1%.% Based on this study, we believe that 48% (12
cases) of our MSI-H groups belong to the HNPCC
group. In these 12 MSI-H cases fulfilling the revised
Bethesda guidelines, MLH1 was absent in 4 cases and
MSH?2 in 8 cases. Loss of MSH2 in the majority of
the cases further lends credibility that all these cases
were HNPCC. This high number of familial MSI cases
could be attributed to founder mutation or the high
incidence of consanguinity, which has been reported
in the Saudi population to be 57.7% with regional
variation from as low as 34% to an astounding high of
80.6%.2 Soliman et al,*** have earlier reported familial
aggregation of colorectal carcinomas and have attributed
it to consanguinity. Genetic testing was not performed
due to limited resource of DNA extracted from archival
paraffin embedded tissues, and few of the cases were
referral cases with availability of only a single parafhin
block. Similarly, fresh blood samples which can also be
used forsequencing MMR genes, were notavailable. Lack
of detailed family history to fulfill Amsterdam criteria
and inability to do an exhaustive mutation analysis of
MMR genes are thus some of the limitations of this
study. There was no difference in the survival between
the 2 subsets of MSI-L and MSS colorectal carcinomas.
These data support recent studies suggesting that the
molecular profiles of MSS and MSI-L tumors are
indistinguishable.”*?” In CRCs, TP53 gene mutations
and allelic loss on 17p are genomic alterations that
occur as late events in tumor progression. According to
published reports in the literature, TP53 mutations have
been described in about 40-50% of CRC.!" The TP53
gene mutation incidence in our study is 24%, which
is much lower than the range of 40-60% reported in
the west. Similar prevalence figures of TP53 mutations
(32.3%) have been reported in eastern Europe.'' There
was no difference in survival between the 2 subsets of
TP53 gene mutations (p=0.2932). Conflicting evidence
exits as to the prognostic significance of TP53 gene
mutations expressed in CRCs.”® The TP53 mutation
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results showed an inverse relationship with MSI-H cases

(p=

0.0029) which coincides with published reports.?*3'A

key and novel finding of this study was MSI-H tumors
with a very high probability of large proportion of
HNPCC cases in Saudi colorectal carcinomas. The
TP53 mutations were found at a lower frequency, and
there was a significant inverse correlation between TP53
mutations and MSI.

In conclusion, a high proportion of familial MSI

cases and a lower incidence of TP53 mutations are some
of the hallmarks of the Saudi colorectal carcinomas,
which need to be explored further.

References

1.

10.

11.

12.

13.

80

Cancer Incidence Report Saudi Arabia 1999-2000. Riyadh
(KSA): King Faisal Specialist Hospital and Research Centre;
2004.

. el-Hazmi MA, al-Swailem AR, Warsy AS, al-Swailem AM,

Sulaimani R, al-Meshari AA. Consanguinity among the Saudi
Arabian population. J Med Genet 1995; 32: 623-626.

. Isbister WH, Murad M, Habib Z. Rectal cancer in the Kingdom

of Saudi Arabia: the King Faisal Specialist Hospital experience.
Aust N Z ] Surg 2000; 70: 269-274.

. Lengauer C, Kinzler KW, Vogelstein B. Genetic instability in

colorectal cancers. Nature 1997; 386: 623-627.

. Dietmaier W, Wallinger S, Bocker T, Kullmann F, Fishel R,

Ruschoff J. Diagnostic microsatellite instability: definition and
correlation with mismatch repair protein expression. Cancer

Res 1997; 57: 4749-4756.

. Boland CR, Thibodeau SN, Hamilton SR, Sidransky D,

Eshleman JR, Burt RW, et al. A National Cancer Institute
Workshop on Microsatellite Instability for cancer detection and
familial predisposition: development of international criteria
for the determination of microsatellite instability in colorectal
cancer. Cancer Res 1998; 58: 5248-5257.

. Ponz de Leon M. Descriptive epidemiology of hereditary non-

polyposis colorectal cancer. Tumori 1996; 82: 102-106.

. Kane ME Loda M, Gaida GM, Lipman J, Mishra R, Goldman

H, et al. Methylation of the hMLH1 promoter correlates with
lack of expression of hMLHI in sporadic colon tumors and
mismatch repair-defective human tumor cell lines. Cancer Res

1997; 57: 808-811.

. Herman JG, Umar A, Polyak K, Graff JR, Ahuja N, Issa JB et

al. Incidence and functional consequences of hAMLH1 promoter
hypermethylation in colorectal carcinoma. Proc Natl Acad Sci
U S A1998; 95: 6870-6875.

Kuismanen SA, Holmberg MT, Salovaara R, de la Chapelle A,
Peltomaki P. Genetic and epigenetic modification of MLH1
accounts for a major share of microsatellite-unstable colorectal
cancers. Am J Pathol 2000; 156: 1773-1779.

Olivier M, Eeles R, Hollstein M, Khan MA, Harris CC, Hainaut
P. The IARC TP53 database: new online mutation analysis and
recommendations to users. Hum Mutat 2002; 19: 607-614.
Umar A, Boland CR, Terdiman JP, Syngal S, de la Chapelle A,
Ruschoff J, et al. Revised Bethesda Guidelines for hereditary
nonpolyposis colorectal cancer (Lynch syndrome) and
microsatellite instability.[see comment]. J Na#l Cancer Inst
2004; 96: 261-268.

Kononen J, Bubendorf L, Kallioniemi A, Barlund M, Schraml
D, Leighton S, et al. Tissue microarrays for high-throughput
molecular profiling of tumor specimens. Natr Med 1998; 4:
844-847.

Saudi Med ] 2008; Vol. 29 (1)

WWW.Smj.org.sa

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Cunningham JM, Kim CY, Christensen ER, Tester DJ, Parc
Y, Burgart L], et al. The frequency of hereditary defective
mismatch repair in a prospective series of unselected colorectal
carcinomas. Am _J Hum Genet 2001; 69: 780-790.

Wright CL, Stewart ID. Histopathology and mismatch repair
status of 458 consecutive colorectal carcinomas. Am J Surg
Pathol 2003; 27: 1393-1406.

Young J, Simms LA, Biden KG, Wynter C, Whitchall V,
Karamatic R, et al. Features of colorectal cancers with high-level
microsatellite instability occurring in familial and sporadic
settings: parallel pathways of tumorigenesis. Am J Pathol 2001;
159: 2107-2116.

Lothe RA, Peltomaki B, Meling GI, Aaltonen LA, Nystrom-
Lahti M, Pylkkanen L, et al. Genomic instability in colorectal
cancer: relationship to clinicopathological variables and family
history. Cancer Res 1993; 53: 5849-5852.

Gryfe R, Kim H, Hsich ET, Aronson MD, Holowaty EJ, Bull
SB, et al. Tumor microsatellite instability and clinical outcome
in young patients with colorectal cancer. N Engl ] Med 2000;
342: 69-77.

Halling KC, French AJ, McDonnell SK, Burgart L], Schaid
DJ, Peterson BJ, et al. Microsatellite instability and 8p allelic
imbalance in stage B2 and C colorectal cancers. J Natl Cancer
Inst 1999; 91: 1295-1303.

Colombino M, Cossu A, Manca A, Dedola ME, Giordano M,
Scintu E et al. Prevalence and prognostic role of microsatellite
instability in patients with rectal carcinoma. Ann Oncol 2002;
13: 1447-1453.

Vasen HE, Watson P, Mecklin JB, Lynch HT. New clinical
criteria for hereditary nonpolyposis colorectal cancer (HNPCC,
Lynch syndrome) proposed by the International Collaborative
group on HNPCC. Gastroenterology 1999; 116: 1453-1456.
Vasen HE, Mecklin JB, Khan PM, Lynch HT. The International
Collaborative Group on Hereditary Non-Polyposis Colorectal
Cancer (ICG-HNPCC). Dis Colon Rectum 1991; 34: 424-
425.

Pinol V, Castells A, Andreu M, Castellvi-Bel S, Alenda C, Llor
X, et al. Accuracy of revised Bethesda guidelines, microsatellite
instability, and immunohistochemistry for the identification of
patients with hereditary nonpolyposis colorectal cancer. JAMA
2005; 293: 1986-1994.

Soliman AS, Bondy ML, Levin B, El-Badawy S, Khaled H,
Hablas A, et al. Familial aggregation of colorectal cancer in
Egypt. Int | Cancer 1998; 77: 811-816.

Paraf E Jothy S, Van Meir EG. Brain tumor-polyposis syndrome:
two genetic diseases? J Clin Oncol 1997; 15: 2744-2758.
Halford S, Sasieni P, Rowan A, Wasan H, Bodmer W, Talbot I, et
al. Low-level microsatellite instability occurs in most colorectal
cancers and is a nonrandomly distributed quantitative trait.
Cancer Res 2002; 62: 53-57.

Kambara T, Matsubara N, Nakagawa H, Notohara K, Nagasaka
T, Yoshino T, et al. High frequency of low-level microsatellite
instability in early colorectal cancer. Cancer Res 2001; 61:
7743-7746.

Anwar S, Frayling IM, Scott NA, Carlson GL. Systematic review
of genetic influences on the prognosis of colorectal cancer. Br J
Surg 2004; 91: 1275-1291.

Cripps KJ, Purdie CA, Carder PJ, White S, Komine K, Bird
CC, et al. A study of stabilisation of p53 protein versus point
mutation in colorectal carcinoma. Oncogene 1994; 9: 2739-
2743.

Olschwang S, Hamelin R, Laurent-Puig B Thuille B, De
Rycke Y, Li Y], et al. Alternative genetic pathways in colorectal
carcinogenesis. Proc Natl Acad Sci U S A 1997; 94: 12122-
12127.

Samowitz WS, Holden JA, Curtin K, Edwards SL, Walker
AR, Lin HA, et al. Inverse relationship between microsatellite
instability and K-ras and p53 gene alterations in colon cancer.
Am ] Pathol 2001; 158: 1517-1524.



