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Comparison of inflammatory
changes caused by
Porphyromonas gingivalis with
distinct fimA genotypes in a
mouse abscess model
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The fimA gene of Porphyromonas gingivalis, encoding fimbrillin (a subunit protein
of fimbriae) has been classified into six genotypes (types [-V and Ib). The
genotypic variation was previously suggested to be related to the severity of adult
periodontitis in the general population. In this study, we compared inflammatory
changes caused by bacterial infection to study pathogenic heterogeneity among the
different fimA strains in a mouse abscess model. Bacterial suspensions of 13

P. gingivalis strains representing the six fimA types were subcutaneously injected into
female BALB/c mice, and serum sialic acid concentrations were assayed as a
quantitative host inflammatory parameter. Type 1l fimA4 organisms caused the most
significant induction of serum sialic acid, as well as other infectious symptoms, followed
by types Ib, IV and V. In contrast, types I and III caused weak inflammatory changes. In
addition, fim4 mutants of type II strains clearly lost their infectious ability. These
findings suggest that fimA4 genotypic variation affects expression of P. gingivalis

virulence.
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Porphyromonas gingivalis is considered to
be the most important infectious agent
causing several types of periodontal dis-
eases, including adult periodontitis (24).
This microorganism has been frequently
detected in patients with periodontitis,
while it reportedly occurs at a lower
frequency in periodontally healthy indivi-
duals without marked gingival inflamma-
tion. Various forms of periodontal disease
progress more rapidly in some patients
than in others, which strongly suggests
host differences and/or diversities in viru-
lence among the organisms harbored by
individuals as key factors (24). Numerous

studies have been performed to isolate
specific periodontitis-related clones of
P. gingivalis strains from periodontitis
patients. Biotyping, serotyping and several
genotypic characterizations of those iso-
lates, such as restriction fragment length
polymorphism, multilocus enzyme elec-
trophoresis and arbitrarily primed poly-
merase chain reaction, have revealed
extensive heterogeneity among natural
populations of this bacterium (21). How-
ever, a relationship between specific
clones of P. gingivalis and periodontal
status in patients has not been well estab-
lished.

P. gingivalis fimbriae (FimA) are fila-
mentous components located on the cell
surface that are thought to play an impor-
tant role in the colonization and invasion of
periodontal tissues (1). P. gingivalis fimA
genes encoding FimA have been classified
into six variants (types I-V and Ib) on the
basis of their nucleotide sequences (11, 17,
19). Further, a close association between
clones with specific fimA types and period-
ontitis has been demonstrated (2, 3, 16, 19,
22), as there was a significant prevalence
of organisms with the type Il or IV fimA
gene in periodontitis patients, while type I
fimA organisms were detected mainly in
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periodontally healthy individuals. These
findings indicate that both disease-asso-
ciated and non-disease-associated strains
of P. gingivalis exist, with pathogenic
traits that can be differentiated based on
the clonal variation of fim4 genes. How-
ever, scant biological explanation has been
given for the difference in the pathogenic
potential of P. gingivalis strains with dif-
ferent fimA genotypes. Recently, we
showed that both type II fim4 organisms
and type Il recombinant FimA protein bind
to and invade epithelial cells efficiently, as
compared to those of the other fim4 types
(18). To further evaluate the relationship
between these fimA types and pathogeni-
city, host inflammatory changes caused by
P. gingivalis strains representing the six
fimA types were compared using a mouse
abscess model.

P. gingivalis strains possessing each of
the six fimA genotypes (11, 15, 19) were
selected from our culture collections as
follows:

e type I fimA organisms: strains 381,

ATCC33277 and HG1025
e type Ib fimA organism: strain HG1691
e type II fimA organisms: strains

HW24D1, OMZ314, ATCC53977,

OMZ409 and HG1690
o type III fimA organism: strain 6/26
e type IV fimA4 organisms: strains HG564

and W50
e type V fimA organism: strain HNA99.

The fimA null mutants of type II P.
gingivalis strains OMZ314 and
ATCC53977 (type 11 fimA) were con-
structed by the conjugated transfer meth-
ods described by Kumagai et al. (12).
Briefly, the fragment containing the flank-
ing regions was generated by polymerase
chain reaction with P. gingivalis chromo-
somal DNA as the template. The fragments
located upstream (710 bp) and downstream
(400 bp) of the fimA gene were generated
by polymerase chain reaction amplifica-
tion. After amplification, each fragment
was digested with Sphl and EcoRI or Sacl
and EcoRlI, respectively, and these two
fragments were ligated together. The con-
catenated fragment (1.1kb) was further
amplified by polymerase chain reaction,
and cloned into Sphl- and Sacl-digested
pYKPO009 (12) to yield pYKPfimA. Escher-
ichia coli SM10lpir was transformed with
pYKPfimA, and the plasmid was then
transferred to P. gingivalis OMZ314 and
ATCC 53977 by selection with erythro-
mycin and counterselection with gentamy-
cin as described by Ueshima et al. (28).
Erythromycin-resistant transconjugants of
the organisms were selected and succes-
sively grown in Gifu Anaerobic Medium

(GAM) broth to obtain erythromycin-sen-
sitive colonies, which were then isolated
and examined by polymerase chain reac-
tion. The deficient expression of FimA was
confirmed by immunoblotting. The organ-
isms were grown as described previously
(17) and the bacterial cells then harvested,
washed in prereduced sterile phosphate-
buffered saline (10mM phosphate buffer
containing 0.15 M sodium chloride, pH 7.4)
and prepared as described previously (17).
All animal procedures and protocols
were reviewed and approved by the Insti-
tutional Animal Care and Use Committee
of Osaka University Graduate School of
Dentistry prior to the experiments. Female
BALB/c mice (5weeks old) were main-
tained in horizontal-flow cabinets and
provided with sterile food and water
ad libitum. In all, 160 mice were randomly
divided into 16 groups (10 mice per group,
15 experimental groups and 1 control
group) to examine inflammatory changes
caused by P. gingivalis infection. At
40 days of age, a single site approximately
1 cm lateral from the midline on the dorsal
surface was depilated, and 0.1 ml of bac-
terial suspension (1 x 10° colony-forming
units (CFU) of a test strain) or phosphate-
buffered saline (control group) was
injected subcutaneously. For quantitative
evaluation of the infectious inflammatory
change, serum sialic acid concentration,
known as an appropriate parameter of sys-
temic inflammation, was measured (26).
Blood specimens (0.1 ml) were collected
from an orbital vein on days 0, 1, 2 and 4
after bacterial infection, and then centri-
fuged at 3000 r.p.m. for 10 min to separate
the serum. Sialic acid concentrations in
sera were colorimetrically quantified using
a commercial kit (Kyokuto Sialic Acid
Test Reagents; Kyokuto Pharmaceutical
Industrial Co., Tokyo, Japan) according
to the manufacturer’s instructions. The
mice were also monitored for signs and
symptoms of infection, i.e. ruffied hair,
abscess formation and emergence of ero-
sion, as described previously (14, 20). The
body weight was measured 2 days after the
bacterial injection. Two weeks after infec-
tion, all mice were killed under ether
anesthesia, and the spleens were extirpated
and weighed. Spleen weight values were
standardized by body weight.
Immunoblotting of FimA proteins was
performed to assess the amount of fimbriae
expressed on the bacterial cells, as
described previously (17). Briefly, bacter-
ial cells were dissolved in SDS gel loading
buffer and separated by 12% SDS poly-
acrylamide gel electrophoresis. Transferred
protein bands on a PVDF membrane were

reacted with rabbit antibodies raised against
each type of recombinant FimA (types I, 11,
III, and IV). However, since specific anti-
bodies to types Ib and V FimAs were not
available, they were probed with anti-type [
FimA antibodies.

The results from each group were aver-
aged (means + SE) and intergroup differ-
ences of various factors were estimated by
a statistical analysis of variance (ANOVA)
for factorial models. Fisher’s protected
least-significant difference test was used
to compare the individual groups. A cluster
analysis was performed using the Ward
method to identify strains with relatively
similar pathogenicity in association with
the measured features.

First, the inflammatory changes by P.
gingivalis strains with different fim4 types
were compared using the increase in serum
sialic acid concentration (Fig.1). Among
the strains with different fim4 types, those
with types I and III increased serum sialic
acid (103.9-124.5mg/dl), whereas the
type II fimA strains showed significantly
greater induction  (126.5-183.0 mg/dl)
(P <0.05). The strains with other fim4
types (Ib, IV and V) also revealed strong
induction levels of induction (127.3—
158.7mg/dl). Significant differences in
serum sialic acid concentrations were
observed between type I and III fim4
strains and other fimA4 strains except
HG1691 and ATCC53977 (P < 0.05).

The various induction levels of serum
sialic acid concentration suggested hetero-
genic causative potential of the different
fimA type strains. The inflammatory
changes caused by the tested strains were
therefore compared with other parameters,
i.e. serious sick symptoms, loss of body
weight and spleen swelling. The maximum
values of sialic acid concentration during
the course of infection were used for the
comparison. A cluster analysis was utilized
as a descriptive procedure to aggregate the
strains into cluster groups according to the
degree of similarity of the examined para-
meters. Two cluster groups were formed,
which provided a convenient summary of
the pathogenic profiles, and classified as
strong or mild (Table 1). Strains of types
Ib, II and IV induced clear infectious
symptoms with all parameters and were
classified as strong. Those of types I and
III, which failed to show marked changes
in body and spleen weights, were consid-
ered to be mild.

The different inflammatory changes
were ascribed to fimbria (FimA)-pheno-
types that originate from a distinct fimA
genotype. In addition, the quantity of fim-
briae on bacterial cells could be crucial for
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Fig. 1. Induction of serum sialic acid by subcutaneous injection of P. gingivalis with different fimA
genes into mice. Blood specimens were collected from the infraorbital vein of female BALB/c mice after
injection with viable P. gingivalis cells (1 x10° CFU). P. gingivalis strains and fimA types (in
parentheses) are shown to the side of each symbol. The mice injected with phosphate-buffered saline
were employed as a control group as described in the text. Values are expressed as mean =+ standard error.

the expression of pathogenicity. Thus, the
amount of fimbriae of all strains was com-
pared, with the results shown in Fig. 2(A).
Since the reactivity of FimA type-specific
antibodies was different, it was possible to
compare the amount of fimbriae in strains
with the same fimd type. Strains
ATCC53977 and W50 revealed thin fim-
brial reaction bands as compared to other
strains with the same type fimA genes. The
thin fimbriae of strain ATCC53977 seemed
to be related to its weaker pathogenicity, as
compared to the other type II strains in the
present study. On the other hand, strain
W50 is known to be less fimbriated, though
it is virulent, with high proteolytic activ-
ities (7). The thin reaction bands seen from
strains HG1691 and HNA99 were likely
due to probing with anti-type I FimA anti-
bodies. To further study the role of
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fimbriae, fimA-deficient mutants were used
to infect the mice. As shown in Fig. 2(B),
deletion of fimbriae caused a significant
prevention of serum sialic acid induction
by the infection. In other parameters, the
OMZ314 mutant did not cause any sick
symptoms, body weight changes or spleen
swelling, and the ATCC53977 mutant also
failed to show marked sick symptoms.
These findings suggest that fimbriae are
an important effective factor for infectious
inflammation, and that fim4 genotypic var-
iation has an influence on the inflammatory
changes caused by P. gingivalis.

Animal models that minimize host sus-
ceptibility factors have been used by var-
ious investigators to study the virulence
properties of P. gingivalis (8). Mouse
or guinea pig abscess models have
been extensively employed. Following
subcutaneous infection of rodents with
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Fig. 2. Involvement of fimbrial amount and expression of P. gingivalis with different fimA4 gene in the
infectious inflammation. A) Expression levels of fimbrillin (FimA) protein in various strains of P.
gingivalis. Whole cells were separated by 12% SDS polyacrylamide gel electrophoresis. The
transferred protein bands on a PVDF membrane were reacted with rabbit antibodies against each
type of recombinant FimA (types I, II, III, and IV). Types Ib and V were probed with anti-type I
FimA. B) Induction of serum sialic acid by subcutaneous injection of fimA-deficient mutants into
mice. The mice injected with phosphate-buffered saline were employed as a control group. The
experiment was performed as described in Fig. 1 and the quoted values of the wild strains (OMZ314

and ATCC53977) are from Fig. 1.

Table 1. Infectious inflammation by P. gingivalis strains with different fimd4 types

Maximum values

of serum sialic Symptoms Spleen wt. Body wt.
Cluster Strain fimA type acid (mg/dl) (no./total) (mg/g body wt.”) (%)™
Strong OMZ314 I 183.0+ 104 Ruffled hair (9/10) 14.00 £0.93 962+ 1.8
Abscess (10/10)
Erosion (4/10)
OMZ409 I 161.8£8.2 None 5.37+0.26 93.1+14
HW24D1 I 1449+ 4.4 None 4.344+0.27 95.14+0.8
HG1690 I 138.3+4.1 None 5.44+0.26 932+£15
HG564 v 158.7+£6.2 Ruffled hair (7/10) 5.33+0.18 974+1.2
Erosion (2/10)
W50 v 144.7+£9.5 None 5.05+0.24 98.1£1.6
HNA99 \% 143.8+6.0 None 4.66+0.16 993+1.2
HG1691 1b 127.3+4.9 None 5.03+£0.30 99.6+1.3
ATCC53977 I 126.5+79 Ruffled hair (7/10) 3.97+0.16 972+14
Mild 381 I 1245+£7.7 None 3.18£0.32 982+ 1.0
6/26 I 115.0+4.4 None 4.544+0.28 100.7+1.1
HG1025 I 106.8 +2.0 None 5.54+£0.58 102.0+2.0
ATCC33277 I 103.9+4.1 None 4.89+0.21 1022+1.2
Control PBS 924+1.0 None 3.954+0.20 105.5+£1.0

*Measured when sacrificed.
**Measured 2 days after bacterial infection.
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Table 2. Relationship between virulence and fim4 genotypes of P. gingivalis strains in animal models

P. gingivalis fimA genotype™

Virulence* 1 Ib II 11 v %
Strong HG1691 (14)  ATCC53977 (13, 14, 29)  ATCC49417 (9, 14) W50 (13, 25, 29)
16-1 (23) HG184 (13, 14, 29) W83 (9, 13, 14, 25, 27, 29)
HG1690 (14) 9-14K-1 (20)
ATA2-10 (20)
ATW4 (4)
Moderate ~ BH18/10 (9, 29) HW24D1 (9) FAY19MI (20)
Mild ATCC33277 (9) 6/26 (9)
381 (20) HG445 (14, 29)
2561 (20)
1432 (20)
1112 (20)

*Virulence was classified in previous studies using a rodent abscess model. Reference numbers are shown in parentheses of strain numbers.
“*fimA4 genotypes were determined according to refs. (11) and (15).

P. gingivalis, pathogenicity/virulence was
evaluated in relation to the size of abscess
and/or eroded skin lesions, along with
cachexia and death. In most of those stu-
dies, a high dose of P. gingivalis cells
(>1 x 10'° CFU) was given. In a prelimin-
ary examination, we also applied a high
dose; however, infectious parameters
including abscess and erosion formation
or lesion size were not easy to analyze for
quantitative comparison. Several inflam-
matory markers in response to P. gingivalis
infection, including specific chemokines
and cytokines, were previously used in
animal models (8). However, the amount
of collected sera was limited (<60 1) and
insufficient for a number of the assays in
our animal model. Therefore, among the
possible options, we used the serum sialic
acid concentration as an objective and
quantitative parameter, and assays with a
lower dose of P. gingivalis cells (1 x 10°
CFU). The evaluations with that parameter
together with sick symptoms suggest het-
erogenic pathogenicity among P. gingiva-
lis strains with the different fimA4 types.
Furthermore, our results for fimA-deficient
mutants showed that fimbriae were
involved with the inflammatory changes.
The differences in infectious inflammation
seen among the clones would be attributed
to variations of fim4/FimA types.

In previous studies using abscess mod-
els, many strains of P. gingivalis have been
classified as either avirulent/noninvasive
or virulent/invasive (4, 9, 13, 14, 20, 23,
25, 27, 29). The fimA types of some of
those examined strains have also been
successfully identified according to pub-
lished amino acid and nucleotide
sequences of fimA/FimA (11, 15). The
relationships between this virulence/inva-
siveness and the fim4 types are summar-
ized in Table 2. In the present study, many
of the type II fimA strains caused severe
inflammation, whereas type I strains were

less causative, which agreed with the pre-
vious findings. In addition, the relationship
of specific phenotypic diversity to the
pathogenicity of P. gingivalis was also
examined in some of the previous experi-
ments (14, 29). Six serogroups (K-antigen
types; K1 to K6) of P. gingiavlis based on
capsular antigens were reported to be
pathogenic clones in an animal model,
and linkage of K-types to fimA types has
been shown, i.e. K1 (to type IV fimA4), K2,
K3 and K5 (to type I fimA), K4 (to type 111
fimA), and K6 (to type Ib fimA) (2). These
findings support a close relationship of
fimA types with the pathogenicity.

A recent analysis suggested that parti-
cular P.gingivalis genotypes, possibly
with increased pathogenic potential,
spread successfully in the human popula-
tion (6). The search for virulence diversi-
ties will, therefore, focus on individual
genes or operons such as fim4 and its
operon. Variations of other pathogenic
genes might exist, and the presence of
ragB and insertion sequence [S7598 could
be related to the bacterial pathogenicity
(6). In addition, environmental conditions
such as iron-limiting conditions seem to
alter its virulence (7). Expression of viru-
lence factors including fimbriae and sev-
eral proteolytic enzymes such as
gingipains is influenced by several envir-
onmental conditions (5). Further studies on
these aspects are necessary to understand
virulence variation of P. gingivalis clones.

In summary, the present results suggest
that fimA genotypic variation has an influ-
ence on the pathogenic potential of P.
gingivalis in an animal model, and type
I FimA is an important causative factor for
host inflammatory changes.

References

1. Amano A. Molecular interaction of Por-
phyromonas gingivalis with host cells:

10.

11.

12.

Implication for the microbial pathogenesis
of periodontal disease. J Periodontol 2003:
74: 90-96.

. Amano A, Nakagawa I, Kataoka K, Mor-

isaki I, Hamada S. Distribution of Porphyr-
omonas  gingivalis strains with fimA
genotypes in periodontitis patients. J Clin
Microbiol 1999: 37: 1426-1430.

. Amano A, Kuboniwa M, Nakagawa I,

Akiyama S, Morisaki I, Hamada S. Preva-
lence of specific genotypes of Porphyromo-
nas gingivalis fim4 and periodontal health
status. J Dent Res 2000: 79: 1664—1668.

. Chen PB, Davern LB, Aguirre A. Experi-

mental Porphyromonas gingivalis infection
in nonimmune athymic BALB/c mice.
Infect Immun 1991: 59: 4706-4709.

. Forng RY, Champagne C, Simpson W,

Genco CA. Environmental cues and gene
expression in Porphyromonus gingivalis
and Actinobacillus  actinomycetemcomi-
tans. Oral Dis 2000: 6: 351-365.

. Frandsen EV, Poulsen K, Curtis MA, Kilian

M. Evidence of recombination in Porphyr-
omonas gingivalis and random distribution
of putative virulence markers. Infect Immun
2001: 69: 4479-4485.

. Genco CA, Cutler CW, Kapczynski D, Mal-

oney K, Arnold RR. A novel mouse model
to study the virulence of and host response
to Porphyromonas (Bacteroides) gingivalis.
Infect Immun 1991: 59: 1255-1263.

. Genco CA, Van Dyke T, Amar S. Animal

models for Porphyromonas gingivalis-
mediated periodontal disease. Trends
Microbiol 1998: 6: 444-449.

. Grenier D, Mayrand D. Selected character-

istics of pathogenic and nonpathogenic
strains of Bacteroides gingivalis. J Clin
Microbiol 1987: 25: 738-740.

Grenier D, Goulet V, Mayrand D. The
capacity of Porphyromonas gingivalis to
multiply under iron-limiting conditions cor-
relates with its pathogenicity in an animal
model. J Dent Res 2001: 80: 1678—1682.
Hamada S, Fujiwara T, Morishima S, Taka-
hashi I, Nakagawa I, Kimura S, Ogawa T.
Molecular and immunological characteriza-
tion of the fimbriac of Porphyromonas
gingivalis. Microbiol Immunol 1994: 38:
921-930.

Kumagai Y, Konishi K, Gomi T, Yagishita
H, Yajima A, Yoshikawa M. Enzymatic
properties of dipeptidyl aminopeptidase



14.

16.

17.

18.

IV produced by the periodontal pathogen
Porphyromonas gingivalis and its participa-
tion in virulence. Infect Immun 2000: 68:
716-724.

. Laine ML, Appelmelk BJ, van Winkelhoff

AJ. Novel polysaccharide capsular sero-
types in Porphyromonas gingivalis. J Per-
iodontal Res 1996: 31: 278-284.

Laine ML, van Winkelhoff AJ. Virulence of
six capsular serotypes of Porphyromonas
gingivalis in amouse model. Oral Microbiol
Immunol 1998: 13: 322-325.

. Lee JY, Sojar HT, Bedi GS, Genco RJ.

Porphyromonas (Bacteroides) gingivalis
fimbrillin: size, amino-terminal sequence,
and antigenic heterogeneity. Infect Immun
1991: 59: 383-389.

Miura M, Hamauchi T, Fujise O, Inoue N,
Oohashi N, Maeda K. Prevalence of Por-
phyromonas gingivalis fimA genotypes in
patients with early-onset periodontitis. J
Dent Res 2002: 81 (special issue): 372.
Nakagawa I, Amano A, Kimura RK, Naka-
mura T, Kawabata S, Hamada S. Distribution
and molecular characterization of Porphyro-
monas gingivalis carrying a new type of fimA
gene. J Clin Microbiol 2000: 38: 1909-1914.
Nakagawa I, Amano A, Kuboniwa M,
Nakamura T, Kawabata S, Hamada S. Func-
tional differences among FimA variants of

20.

21.

22.

23.

Pathogenic fimA type of P. gingivalis

Porphyromonas gingivalis and their effects
on adhesion to and invasion of human
epithelial cells. Infect Immun 2002: 70:
277-285.

. Nakagawa I, Amano A, Ohara-Nemoto Y,

Endoh N, Morisaki I, Kimura S, Kawabata
S, Hamada S. Identification of a new variant
of fimA gene of Porphyromonas gingivalis
and its distribution in adults and disabled
populations with periodontitis. J Periodon-
tal Res 2002: 37: 425-432.

Neiders ME, Chen PB, Suido H, Reynolds
HS, Zambon JJ, Shlossman M, Genco RIJ.
Heterogeneity of virulence among strains of
Bacteroides gingivalis. J Periodontal Res
1989: 24: 192-198.

Ozmeric N, Preus NR, Olsen I. Genetic
diversity of Porphyromonas gingivalis
and its possible importance to pathogeni-
city. Acta Odontol Scand 2000: 58: 183—
187.

Prajaneh S, Beikler T, Beerens K, Flemmig
TF. Prevalence of Porphyromonas gingiva-
lis fimA genotypes in periodontitis patients.
J Dent Res 2001: 80 (special issue): 645.
Sasaki N, Nakagawa T, Seida K, Ishihara K,
Okuda K. Clinical, microbiological and
immunological studies of post-juvenile per-
iodontitis. Bull Tokyo Dent Coll 1989: 30:
205-211.

24.

25.

26.

217.

28.

29.

209

Slots J, Ting M. Actinobacillus actinomy-
cetemcomitans and Porphyromonas gingi-
valis in human periodontal disease:
occurrence and treatment. Periodontol
2000 1999: 20: 82—-121.

van Steenbergen TJ, Delemarre FG, Nama-
var F, de Graaff J. Differences in virulence
within the species Bacteroides gingivalis.
Antonie van Leeuwenhoek 1987: 53:
233-244.

Stefenelli N, Klotz H, Engel A, Bauer P.
Serum sialic acid in malignant tumors, bac-
terial infections, and chronic liver diseases.
J Cancer Res Clin Oncol 1985: 109: 55-59.
Sundqvist G, Figdor D, Hanstrom L, Sorlin
S, Sandstrom G. Phagocytosis and virulence
of different strains of Porphyromonas
gingivalis. Scand J Dent Res 1991: 99:
117-129.

Ueshima J, Shoji M, Ratnayake DB, Abe K,
Yoshida S, Yamamoto K, Nakayama K.
Purification, gene cloning, gene expression,
and mutants of Dps from the obligate anae-
robe Porphyromonas gingivalis. Infect
Immun 2003: 71: 1170-1178.

van Winkelhoff AJ, Appelmelk BJ, Kippuw
N, de Graaff J. K-antigens in Porphyro-
monas gingivalis are associated with viru-
lence. Oral Microbiol Immunol 1993: 8:
259-265.



This document is a scanned copy of a printed document. No warranty is given about
the accuracy of the copy. Users should refer to the original published version of the
material.



