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Abstract
AIM: To analyze a-methylacyl CoA racemase (AMACR) 
expression in relation to various dysplasia phenotypes 
and clinicopathological parameters of sporadic colorec-
tal adenomas. 

METHODS: Fifty-five cases of sporadic colorectal adeno-
mas were categorized according to the Vienna classifica-
tion for Gastrointestinal Neoplasia. These corresponded 
to a total of 98 different intra-lesion microscopic fields 
that were further independently assigned a histological 
grade based on the old nomenclature (mild, moderate, 
severe dyplasia and carcinoma in situ). AMACR expres-
sion was evaluated by immunohistochemistry and sta-
tistical analysis was performed to investigate possible 

associations with various clinicopathologic parameters 
of adenomas i.e. gender, age, localization, grade of dys-
plasia, size and configuration. 

RESULTS: Patient age ranged from 41 to 84 years (mean 
65 ± 13.2 years); 37 patients were males and 18 were 
females. Adenomas ranged in size between 0.5 and 
30 cm (mean 2 ± 1.3 cm), including 18 tubular, 16 vil-
lous, 20 mixed or tubulovillous, and 1 giant sessile vil-
lous adenoma. AMACR expression was observed in 3 
out of 16 (18.8%) of low-grade vs  23 out of 35 (62.8%) 
of high-grade lesions (P  = 0.002). Most adenomas ex-
hibiting high grade dysplasia with in situ  carcinoma-like 
areas stained positive for AMACR (15/17 or 88.2%) as 
compared to adenomas with high grade dysplasia which 
contained severe dysplasia-like foci (6/15 or 40%), (P  = 
0.005). In AMACR positive adenomas featuring severe 
dysplasia-like or in situ  carcinoma-like areas, AMACR 
staining was not necessarily observed in the in situ  com-
ponent. Positivity in intra-lesion of mild, moderate or se-
vere dysplasia-like foci was more often encountered in 
adenomas harboring in situ , intramucosal or infiltrative 
carcinoma [21/33 (63.6%) vs  9/40 (22.5%), P  < 0.001]. 
Strong AMACR expression was found in 11 out of 17 vil-
lous adenomas, but in only 1 out of 18 tubular lesions (P  
= 0.005). Larger lesions, i.e. > 1 cm stained more fre-
quently for AMACR than smaller ones [27/45 (60%) vs  
2/10 (20%), P  = 0.02]. Overall, AMACR expression was 
associated with the grade of dysplasia, as well as with 
the size and configuration of adenomas, i.e. the consen-
sus risk factors applied to colorectal adenoma patient 
surveillance. 

CONCLUSION: It may be worthy to further evaluate 
the possible use of AMACR as an additional risk factor 
for the assessment of colorectal adenoma patients.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
α-methylacyl CoA racemase (AMACR) is a mitochondrial 
and peroxisomal enzyme implicated in the degradation 
of  branched chained fatty acids and fatty acid derivatives. 
Conversion of  several (2R)-methyl-branched-chain fatty 
acyl-coenzyme-A esters to their (S)-stereoisomeres, which 
is catalyzed by AMACR, is necessary for the completion 
of  the β-oxidation pathway[1-3]. AMACR is expressed in 
a variety of  tumors and precancerous conditions[4-6], with 
prostate cancer being the one most extensively investigat-
ed[7,8]. Various studies have analyzed AMACR expression 
in adenocarcinoma of  the colon, where it is thought to be 
associated with tumor differentiation and localization[9-14]. 
Recently, much attention has been given to the expres-
sion of  this biomarker in preneoplastic conditions arising 
in the gastrointestinal tract. It has been suggested that 
AMACR could be used as an adjunct in the characteriza-
tion of  dysplasia in Crohn’s disease, ulcerative colitis and 
Barrett’s esophagous[15-17]. In spite of  all this promising 
data, there is still limited information regarding AMACR 
expression in relation to clinicopathologic parameters 
as well as to various dysplasia phenotypes in sporadic 
colorectal adenomas[5,6,10,11,17]. In the paper by Went et al[5], 
no significant differences were found between mild, mod-
erate and severe dysplasia. On the contrary, Strater et al[17] 
found moderate to strong AMACR expression in 73% of  
high-grade cases but only in 37% of  low-grade lesions. 
However, the results of  these studies appear contradic-
tory; in addition, given the degree of  interobserver vari-
ability in regard to dysplasia classification, interpretation 
of  these findings is hindered by the absence of  criteria 
upon which dysplasia of  adenomas was categorized[5,17]. 
Current guidelines on the classification of  dysplasia in 
sporadic adenomas of  the colorectum, namely those pub-
lished by the American College of  Gastroenterology and 
included in the Vienna classification of  Gastrointestinal 
Neoplasia, strongly discourage the use of  terms such as 
carcinoma in situ/intramucosal carcinoma due to, among 
other reasons, concerns for misinterpretation of  their 
clinical significance that might lead to overtreatment[18-23]. 
Nonetheless, albeit prone to interobserver variability, spe-
cific cytoarchitectural features, including mild, moderate, 
severe and carcinoma in situ changes, do correspond to 
the biologic progression of  dysplasia[20,23]. The goal of  our 

study was to analyze the immunohistochemical expression 
of  AMACR in various histologic patterns of  dysplasia in 
sporadic colorectal adenomas in the frame of  clinically 
oriented current classification schemes. 

MATERIALS AND METHODS
Case selection
Fifty-five cases of  colorectal adenomas including 4 ad-
enomatous polyps having undergone malignant transfor-
mation with submucosal invasion were retrieved from the 
surgical pathology archives at “Georgios Gennimatas” 
General Community Hospital from 2005 to 2009. All 
55 cases came from individual patients. Out of  these, 51 
were endoscopically or surgically removed adenomatous 
polyps and 4 were incidental findings in patients who 
had undergone colectomy for adenocarcinoma of  the 
colorectum. Clinical data were reviewed to ensure that 
all cases were indeed sporadic adenomas. Hyperplastic 
polyps and serrated adenomas were not included in this 
study based on evidence of  their distinguishing biol-
ogy[24-26]. Hematoxylin-eosin (HE) stained slides were 
reviewed by two different pathologists in a blinded man-
ner. For diagnostic purposes, each case was characterized 
by the highest grade of  dysplasia present, according to 
the modified Vienna classification of  Gastrointestinal 
Neoplasia using both the main categories (classical West-
ern classification) as well as the subdivisions of  group 4 
(high-grade dysplasia)[19,21]. In addition, when more than 
one dysplastic pattern was histologically recognized on 
the same slide, these were given a separate grade of  dys-
plasia corresponding to the presumably different biologic 
potentials and based upon previously reported pathologic 
criteria[20,27]. In this context terminology was based on the 
old nomenclature (mild, moderate, severe dysplasia, carci-
noma in situ and intramucosal carcinoma). Interobserver 
disagreement on the interpretation of  histology was 
present in 5 cases and a consensus diagnosis was reached 
at a multi-headed microscope. Size, architectural con-
figuration and localization of  lesions were also recorded. 
Normal appearing non-neoplastic intestinal mucosa was 
present in 29 cases. 

Immunohistochemistry 
One 4 micron formalin-fixed, paraffin-embedded tissue 
section including the highest grade of  dysplasia was se-
lected for each case. Prostate cancer sections were used 
as a positive control. Immunohistochemistry was carried 
out on a Bond Automated Immunostainer using the 
Bond Polymer Define Detection Kit (Cat. No. DS9713). 
Briefly, sections were deparaffinized, rehydrated and 
treated with 3% H2O2 to block endogenous peroxidase 
activity. Antigen retrieval was performed at 100℃/pH 6 
for 30 min. After incubation with the primary polyclonal 
antibody to AMACR (P504S) (Biocare Medical, Con-
cord, USA) at 1:30 dilution for 30 min, sections were 
further incubated with a secondary Polymer Poly-HRP 
anti-mouse/rabbit IgG. 3,3’-diaminobenzidine was used 
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as a substrate for visualization. Finally, slides were coun-
terstained with hematoxylin. 

Interpretation 
A lesion was considered negative when less than 5% of  
cells showed immunoreactivity. Positivity was divided into 
weak (mild, cytoplasmic granular staining) and strong (dif-
fuse, intense cytoplasmic staining). Intra-lesion areas with 
different grades of  dysplasia were evaluated separately, but 
case-specific intensity was based on the interpretation of  
immunostaining in the most intense focus, independently 
of  the corresponding dysplastic grade. For example, ad-
enomas containing strongly positive severe dysplasia and 
negative carcinoma in situ foci were considered positive 
(case 52 in Figure 1A).

Statistical analysis 
Statistical analysis was performed using the SPSS soft-
ware v.17. A P value of  < 0.05 was considered statisti-
cally significant as determined by the Mann-Whitney test 
for two independent samples. 

RESULTS
Clinicopathological features of colorectal adenomas
Patient age ranged from 41 to 84 years (mean 65 ± 13.2 
years); 37 patients were males and 18 were females. Ad-
enomas ranged in size between 0.5 and 30 cm (mean 2 ± 
1.3 cm, whereby the largest lesion corresponded to a gi-
ant sessile, villous adenoma), including 18 tubular, 17 vil-
lous (containing a villous component > 75%), 20 mixed 
or tubulovillous (containing a villous component > 25%, 
but < 75%). The majority were retrieved from the left 
colon with only 7 cases being located in the proximal 
2/3 of  the transverse colon. The incidence of  dysplastic 
lesions based on the Vienna classification is summarized 
in Table 1. The well established interrelations between 
size, histological configuration of  colorectal adenomas 
and grade of  dysplasia[28] were reproduced by our data. 
High grade dysplasia was assigned to 33 out of  41 adeno-
mas greater than 1 cm and 30 out of  34 containing a vil-
lous component. In contrast the majority of  smaller (7/10) 
or tubular lesions (12/17) were low grade adenomas. (P 
= 0.004 and P < 0.001, respectively). Similarly, lesions ≥ 
1 cm were more likely to contain villous features [31/41 
(75.6%) vs 3/10 (30%), P = 0.007]. Not surprisingly the 3 
out of  4 high grade polyps showing evidence of  submu-

cosal invasion were villous adenomas and all 4 measured 
more than 1 cm. 

Immunohistochemical findings
The results of  immunohistochemistry are summarized in 
Table 2 and Figure 1A. AMACR was positive in 29 ad-
enomas (52.7%), and in all 4 adenocarcinomas, but was 
consistently negative in nonneoplastic intestinal mucosa 
in all 29 cases where normal appearing colonic epithe-
lium was included in the section. Immunopositivity was 
strongly related to the grade of  dysplasia independent 
of  staining intensity (Figure 1A-C). Twenty-three out of  
35 high grade but only 3/16 low grade lesions showed 
immunopositivity for AMACR (P = 0.002). Moreover, 
when staining was compared among adenomas contain-
ing only severe dysplasia-like areas and those with carci-
noma in situ-like morphology, the latter group was more 
often positive [6/15 (40%) vs 15/17 (88.2%), P = 0.005] 
(Figure 1B and C). 

As shown in Figure 1A, with the exception of  3 cases 
(#48, 49, 52), the most intense AMACR staining was ob-
served in areas with the highest degree of  dysplasia. On 
the contrary, no significant difference in staining intensity 
was observed between adenomas with mild to moder-
ate dysplasia vs adenomas with severe dysplasia (3/16 vs 
6/15, P = 0.2). AMACR immunostaining was also found 
to be associated with size and configuration of  adenomas. 
Adenomas with a villous component (villous or tubulovil-
lous) were more often positive for AMACR [22/37 (59.5%) 
vs 7/18 (37.5%), P = 0.03] and the same applied to lesions 
measuring ≥ 1 cm in greatest diameter [27/45 (60%) vs 
2/10 (20%), P = 0.02]. Moreover, as shown in Table 3, 
strong expression was found in more than half  of  villous 
adenomas (11/17), but in only 1 tubular lesion (P = 0.005). 

When areas with different degrees of  dysplasia (and, 
hence, putative different biologic potential) within the 
same lesion were separately evaluated for AMACR ex-
pression (n = 98), positive staining in intra-lesion mild, 
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Clinically oriented Biologic potential Total cases Subgroups

Low grade dysplasia Mild 16 (29.1)    6 (10.9)
Moderate  10 (18.2)

High grade dysplasia Severe 35 (63.6)  15 (27.3)
In situ carcinoma  17 (30.9)
Intramucosal carcinoma    3 (5.5)

Infiltrative carcinoma Submucosal carcinoma   4 (7.3)

Table 1  Incidence of various dysplasia histological phenotypes  
n  (%)

Vienna 
classification 
of GI 
neoplasia

Biologic 
potential

                        Staining 

Negative   Weak Strong Subtotal 
positive

Total

Low grade 
(n = 16)

Mild 13 (81.3)   3 (18.8)   0 (0)   3 (18.8) 16
moderate

High grade 
(n = 35)

Severe   9 (60)   6 (40)   0 (0)   6 (40) 15
In situ 
carcinoma

  2 (11.8)   3 (17.6) 12 (70.6)1 15 (88.2) 17

Intramucosal 
carcinoma

  1   0   2   2   3

Infiltrative 
carcinoma 
(n = 4)

Submucosal 
carcinoma 

  1   1   2   3   4

26 (47.3) 13 (23.7) 16 (29) 29 (52.7) 55

1In 3 cases (#48, 49, 52 in Figure 1A) higher grade focus and focus of most 
intense staining did not match, as described in Materials and Methods, 
Interpretation. AMACR: a-methylacyl CoA racemase; GI: Gastrointestinal.

Table 2  AMACR expression in sporadic colorectal adenomas  
n  (%)



moderate or severe dysplasia-like foci was more frequently 
encountered in adenomas also harboring a higher grade 
focus, i.e. in situ, intramucosal or infiltrative carcinoma, 
[21/33 (63.6%) vs 9/40 (22.5%), P < 0.001], (Table 4 and 
Figure 1A). Interestingly strong AMACR expression in 9 
foci with severe dysplasia and in 1 focus with mild/mod-
erate dysplasia was restricted in adenomas exhibiting intra-
lesion cytological and architectural features of  a higher 
grade component in another field (Figure 1A, cases # 43, 
47-53, 55). This intra-lesion heterogeneity of  AMACR ex-
pression is exemplified in Figure 2.

However, when considering severe dysplasia-like and 
in situ carcinoma-like foci as individual cases (that is, not 
taking into account their occurrence within the same or 
in different lesions), we did not observe significant dif-
ferences in AMACR expression (P = 0.06). Similarly, no 
association was found between AMACR expression and 
either age, gender or localization of  adenomas (data not 
shown). 

DISCUSSION
Colonic adenomas are considered adenocarcinoma pre-
cursors[29]. Even though this might not be entirely en-
dorsed[30], the predictive value of  high grade dysplasia for 
the subsequent development of  advanced adenomas and 
cancer is well documented and indisputable[31-34]. In this 
setting, it is widely accepted that severe dysplasia and 
carcinoma in situ bear a similar clinical significance and 
are therefore merged into a single category in most clas-
sification/reporting protocols. Molecular studies have 
shown an increased frequency of  genetic alterations and 
DNA aneuploidy with increasing grade of  dysplasia as 
assigned by the Vienna classification[35]. Following a de-
tailed evaluation of  the examined dysplastic lesions and 
taking into account intra-lesion heterogeneity, our study 
is the first one to report a positive association between 
AMACR and increasing grade of  dysplasia in sporadic 
colorectal adenomas at the immunohistochemical level. 

The observed overall prevalence of  AMACR expres-
sion in colorectal adenomas in our study (52.7%) appears 
to be somewhat lower than in previous publications 
(64%-91%)[5,6,10,11,17]. It was difficult to compare our find-
ings with the ones presented in these studies, in which 

the applied criteria for the classification of  dysplasia were 
not provided. In the two studies that, to our knowledge, 
evaluated AMACR expression in relation to dysplasia, 
results did not significantly differ between low and high 
grade adenomas[17] or among adenomas with mild, mod-
erate or severe dysplasia[5]. The above discrepancies can 
be attributed to the different antibodies used in each case 
and also to the different evaluation criteria set for immu-
nopositivity, such as lower thresholds. These differences 
are further reflected in the reported positivity of  normal 
colonic epithelia[5,11,14,17], which was not observed in our 
series. 

It was previously suggested that AMACR expression 
might be closely related to the early stages of  neoplastic 
progression in the colon[10]. The estimated prevalence 
of  AMACR in adenomas bearing in situ carcinoma cyto-
architectural features in our study (88.2%) is similar to 
that reported for colorectal carcinoma in the majority 
of  publications (62%-83%)[5,9-12]. In comparison, we ob-
served AMACR positivity in only 40% of  severely dys-
plastic and 18.8% of  low grade lesions. These findings 
might suggest a more advanced state towards malignancy 
of  in situ carcinoma as compared to severe dysplasia, al-
though both lesions are currently incorporated into the 
high grade category for management reasons. 

The differences observed between lesions exhibiting 
morphological changes corresponding to the previously 
used terms of  severe dysplasia and in situ carcinoma at 
the molecular level prompt for morphologically identify-
ing these lesions at least for research purposes[20,21]. Of  
note, however, co-existing severely dysplastic and in situ 
carcinoma areas in the same lesion did not significantly 
differ in terms of  AMACR expression. AMACR expres-
sion seemed to be related to the co-existence of  in situ 
carcinoma rather than to in situ carcinoma itself, since it 
was present in severely dysplastic areas in the vicinity of  
negative in situ carcinomas. Severe dysplasia-like mor-
phology does not differ in the simultaneous presence 
or absence of  adjacent in situ carcinoma. However, the 
same morphologic features might bear significant differ-
ences at the molecular level that seem to be more promi-
nent in later stages of  the dysplasia-carcinoma sequence. 

Another implication of  the above described intra-
lesion AMACR heterogeneity is that, when examining 
the expression of  AMACR and possibly other markers 
in adenomas on tissue microarrays, multiple areas should 
be sampled for adequate evaluation of  the lesion. 

Taken together, our data indicate that AMACR may 
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Table 4  AMACR staining in areas with mild/moderate or 
severe dysplasia  n  (%)

Higher grade
component

Staining

Negative Weak Strong Total positivity

Present (n = 33) 12 (36.4) 11 (33.3)    10 (30.3) 21 (63.6)
Absent (n = 40) 31 (77.5)   9 (22.5) 0 (0)   9 (22.5)

Table 3  AMACR expression in relation to pathological 
features of adenomas  n  (%)

n Staining

Negative Weak Strong Total positivity

Configuration 55
Tubular 18 11 (61) 6 (33) 1 (6)   7 (39)
Villous 17      5 (29.4)  1 (5.9)    11 (64.7)    12 (76.5)
Tubulovillous 20 10 (50) 6 (30)   4 (20) 10 (50)

Size  55
< 1 cm 10   8 (80) 1 (10)   1 (10)   2 (20)
≥ 1 cm 45 18 (40)  12 (26.7)    15 (33.3) 27 (60)

Lakis S et al . AMACR in colorectal adenomas



play some role in the process of  malignant transforma-
tion in the colon. What this role might be cannot be 
established by this study. As has also been suggested for 
AMACR in the prostate, it is uncertain whether its ex-
pression is directly involved in the process of  malignant 
transformation or whether it is just an epiphenomenon 

triggered by the increased metabolic requirements of  
malignant cells[36]. 

Studies like the present one are performed to ap-
proach a basic question: How can molecular or genetic 
information help to stratify risk in patients with adeno-
matous polyps[33]. Currently, size ≥ 1 cm, villous config-
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Figure 1  a-methylacyl CoA racemase (AMACR) expression in colorectal adenomas is related to the grade of dysplasia. A: Cumulative results from all 
dysplastic areas within each one of the 55 cases examined. Histology columns: white = absence, blue = presence of the indicated histological pattern. AMACR 
column: white = negative, grey = weak, black = strong staining; B and C: Case 44, as listed in A. In this adenoma with high grade dysplasia (HE staining), AMACR 
staining is restricted to the in situ component (IS) with severely dysplastic (S) adjacent glands showing negative or focal weak immunoreactivity. Bars: 100 microns.
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uration and high grade dysplasia constitute the consensus 
criteria based on which an adenoma is characterized as 
“advanced” and patient surveillance is adjusted accord-
ingly[18,31,33,34]. Based on these parameters, patients can be 
stratified at the time of  colonoscopy into lower or higher 
risk groups for subsequent advanced neoplasia (adeno-
mas with high grade dysplasia or cancer). However, de-
bate on the clinical relevance of  these factors continues 
to exist and many authors still address the need for more 
objective and standardized pathologic criteria[37-40]. As we 
show here, except for its association with the grade of  
dysplasia, AMACR expression in colonic adenomas is 
also related to two additional pathologic risk factors, i.e. 
size and villous configuration, a finding not previously 
reported. Hence, AMACR could be a candidate param-
eter for further evaluation as an additional risk factor 
for the development of  subsequent advanced neoplasia. 
Large scale studies with long term patient follow-up 
would be required for the evaluation of  any marker in 
this setting, since patients with adenoma seldom develop 
carcinoma within a period of  3 years[32]. 

Another observation that needs to be further evalu-
ated is the significant difference in AMACR expression 
between severe dysplasia-like changes and carcinoma in 
situ-like changes, when these appear as independent le-
sions. Taking into account the drawbacks of  our study 
(small sample size and lack of  patient follow up), none of  
our findings directly raises any issues concerning the cur-
rent guidelines for the reporting of  dysplasia in colorec-
tal adenomas that have been imposed by the need for 
simplicity and standardization. However as shown here a 
more detailed approach to the cytoarchitectural features 

of  dysplasia in the context of  observational studies might 
unravel meaningful and potentially useful associations.

COMMENTS
Background
a-methylacyl CoA racemase (AMACR) has been widely used in prostate pa-
thology as an adjunct in the differential diagnosis of prostate cancer. Recently 
many papers have addressed the possible application of this biomarker in dis-
tinguishing low-grade from high-grade dysplasia in premalignant lesions of the 
gastrointestinal tract like Barrett’s esophagus, Crohn’s disease and ulcerative 
colitis. 
Research frontiers
Although immunohistochemistry with AMACR in colorectal carcinoma has been 
extensively investigated, there are not yet any clear-cut conclusions regarding 
the expression of AMACR in sporadic colorectal adenomas in relation to histol-
ogy. This is the first study to report associations between AMACR expression 
and cytoarchitectural features of colorectal polyps. 
Innovations and breakthroughs 
Recent studies have shown a positive association between AMACR expression 
and grade of dysplasia in inflammatory bowel disease and Barrett’s esophagus 
with higher grade lesions showing strong staining at the immunohistochemical 
level. In this study, the authors report for the first time a significant association 
between AMACR expression and grade of dysplasia in sporadic colorectal 
adenomas, which may also be extended to other pathologic parameters like vil-
lousness and size. 
Applications 
AMACR may be considered as a candidate adjunct marker for further evalu-
ation regarding risk stratification of patients undergoing colonoscopic surveil-
lance. 
Terminology
AMACR is a mitochondrial and peroxisomal enzyme implicated in the degra-
dation of branched chained fatty acids and fatty acid derivatives. There are 
no conclusive results about the role of AMACR in carcinogenesis. However, 
multiple studies have addressed its potential use as a biomarker in cancer diag-
nostics. 
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Figure 2  Heterogeneity of AMACR staining may be observed in different dysplastic areas within the same lesion. Case 47, as listed in Figure 1A, is shown. 
This case contained areas of mild/moderate [low-grade (L)] and severe (S) dysplasia, as well as carcinoma in situ (IS) elements. Severely dysplastic (A-C) and 
carcinoma in situ areas (D-F) are strongly positive for AMACR, while mild/moderate dysplastic areas are negative. Histological distinction between severe dysplasia 
and carcinoma in situ is apparent in B and E, respectively (HE staining). Bars: 100 microns.
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Peer review
The study evaluate the expression of AMACR with polyps characteristics and 
suggested that it could be use as an additional risk factor for the assessment of 
colorectal adenoma. 
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