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ABSTRACT

Objectives: We compared the utility of membrane-

associated guanylate kinase, WW and PDZ domain-

containing protein 2 (MAGI-2) and a-methylacyl CoA

(AMACR) by immunohistochemistry in diagnosing prostatic

adenocarcinoma.

Methods: Seventy-eight radical prostatectomies were used

to construct three tissue microarrays with 512 cores, includ-

ing benign prostatic tissue, benign prostatic hyperplasia,

high-grade prostatic intraepithelial neoplasia (HGPIN),

and adenocarcinoma. AMACR and MAGI-2 immunohisto-

chemistry were evaluated by visual and image analysis.

Results: MAGI-2 and AMACR were significantly higher in

adenocarcinoma and HGPIN compared with benign tissue.

At H-score cutoffs of 300 and 200, MAGI-2 was more accur-

ate in distinguishing benign from malignant glands than

AMACR. Areas under the curve by image and visual ana-

lysis were 0.846 and 0.818 for MAGI-2 and 0.937 and 0.924

for AMACR, respectively. The accuracy of MAGI-2 in distin-

guishing benign from malignant glands on the same core

was higher (95% vs 88%).

Conclusions: MAGI-2 could represent a useful adjunct for

diagnosis of prostatic adenocarcinoma, especially when

AMACR is not discriminatory.

The gold standard for diagnosis of prostatic carcinoma

is morphologic evaluation based on H&E-stained sections.

However, no single feature can reliably be used alone, and

immunohistochemistry is frequently used to confirm the

diagnosis. Commonly used immunohistochemical markers

include p63 and high molecular weight cytokeratin

(HMWCK) to confirm lack of basal cells, as well as a-meth-

ylacyl CoA (AMACR), which is overexpressed in adenocar-

cinoma. However, a significant proportion of benign

mimics of carcinoma, such as partial atrophy and crowded

benign glands, frequently lack p63 and HMWCK expression

and often express AMACR as well.1-3 Other markers have

been used to aid in the diagnosis of prostatic adenocarcin-

oma, including ETS-related gene (ERG) and fatty acid
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synthase (FASn).4,5 However, their use in clinical practice

is limited by low sensitivity (ERG) or insufficient data to

support use (FASn). Accordingly, current consensus guide-

lines primarily recommend the use of AMACR, HMWCK,

and p63, singly or in cocktail and not necessarily other

markers, to interrogate prostatic glands that are suspicious

for carcinoma.6

Membrane-associated guanylate kinase, WW and PDZ

domain-containing protein 2 (MAGI-2) gene has recently

been shown to harbor different rearrangements in prostate

cancer, including two independent but closely aligned inver-

sions and two long-range intrachromosomal inversions.7

We recently showed that MAGI-2 expression by immuno-

histochemistry is higher in prostate carcinoma and high-

grade prostatic intraepithelial neoplasia (HGPIN) compared

with benign prostatic tissue.8 The current study was specif-

ically designed to compare the diagnostic utility of MAGI-2

with that of AMACR in distinguishing benign from malig-

nant prostatic glands and to further determine the clinical

value of MAGI-2 in this setting.

Materials and Methods

Patients

Seventy-eight of the 2,017 completely embedded whole-

mount radical prostatectomy specimens performed at

Vanderbilt University Medical Center from 2000 to 2006 were

selected for inclusion in three tissue microarrays (TMAs). The

selection was randomized within the eligible prostatectomies

to yield even numbers of cases with maximum Gleason scores

of 6 to 10. Paraffin-embedded tissue was used to construct

three TMAs consisting of 512 cores measuring 1 mm, sampled

in replicate to include, from each prostatectomy specimen, nor-

mal histology, benign prostatic hyperplasia, HGPIN, and

adenocarcinoma, Gleason patterns 3 to 5, where applicable

(TMA Grandmaster [133275]–Panoramic 250 BF Flash

[133154; PerkinElmer and American Corporation, Hopkinton,

MA). As a result, a single prostate could yield cores with mul-

tiple histologies. All cases were re-reviewed for the study by a

genitourinary pathologist (G.A.G.) and scored based on the

modified 2005 International Society of Urological Pathology

(ISUP) Modified Gleason System.9

Immunohistochemistry

Immunohistochemistry for MAGI-2 (HPA013650;

1:100; Sigma-Aldrich, St Louis, MO) and AMACR (13h4;

Dako, Carpentaria, CA) was performed using a Leica-Bond

immunostainer (Leica Biosystems, Nussloch, Germany) on

5-mm sections. Antigen retrieval was performed at pH 9 for

10 minutes for MAGI-2 in Leica Epitope Retrieval (ER) 2

solution and in Leica retrieval ER1 (pH 6) for 5 minutes for

AMACR.

Digital Analysis

Slides were scanned at �20 original magnification

using a Leica SCN400 scanner (Leica Biosystems). Single

glands or small foci of neoplastic glands were manually out-

lined by a genitourinary pathologist (G.A.G.), and MAGI-2

expression was analyzed using the Ariol SL-50 system

(Leica Biosystems). The amount of staining (STAIN) was

obtained by determining the mean absorbance of areas

above the threshold and multiplying it by the percentage of

the analyzed outlined area having positive staining over the

threshold. Results were averaged over replicate cores.

Visual Analysis

Visual intensity was determined for both MAGI-2 and

AMACR using H-scores. H-score is calculated as follows:

H¼ 3� [% strong stain]þ 2� [% moderate stain]þ
[% weak stain].10 For MAGI-2, weak stain indicated cyto-

plasmic staining equivalent to the surrounding stromal cells,

strong stain indicated strong and diffuse cytoplasmic staining

equivalent to the intraprostatic nerve, and moderate stain was

intermediate between weak and strong. Positive AMACR

staining was determined as circumferential, diffuse or apical,

granular, cytoplasmic staining of luminal cells identified at

�100.11 A strong AMACR stain was defined as significantly

stronger than the adjacent benign prostatic glands with the

pattern of staining as described above,2,12-15 Weakly positive

was defined as a pale granular staining pattern, as previously

described,11,16 A moderate AMACR stain was defined as

intermediate between weak and strong. The final H-score

was based on the average score of duplicate TMA cores.

The expression levels of both AMACR and MAGI-2

and their discriminatory power were compared (a) by calcu-

lating sensitivity and specificity in a receiver operating

characteristic (ROC) curve analysis at different intensity

cutoffs over the range of observed values and (b) by study-

ing cases with coexistent benign prostatic glands and pros-

tatic adenocarcinoma on the same core.

Statistical Analysis

Statistical analysis was carried out using GraphPad Prism

6 (GraphPad Software, La Jolla, CA). Continuous variables

were reported as median 6 SE. Multiple comparisons were

performed with the Kruskal-Wallis and post hoc Dunn tests.

Simple linear regression was performed with STAIN as the de-

pendent variable and visual score as the independent variable.

A P value less than .05 was regarded as statistically significant.

The study was approved by the institutional review

board of Vanderbilt University.

AJCP / ORIGINAL ARTICLE

© American Society for Clinical Pathology Am J Clin Pathol 2016;146:294-302 295
DOI: 10.1093/ajcp/aqw111295

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcp/article/146/3/294/1739774 by guest on 16 M

ay 2023

Deleted Text:  ,
Deleted Text: ,
Deleted Text:  
Deleted Text: to
Deleted Text: to
Deleted Text: s
Deleted Text: MATERIALS AND METHODS
Deleted Text:  
Deleted Text: 3 
Deleted Text: -
Deleted Text: tissue microarrays (
Deleted Text: )
Deleted Text: -
Deleted Text:  cores
Deleted Text:  (NL)
Deleted Text:  (BPH)
Deleted Text: high grade prostatic intraepithelial neoplasia (
Deleted Text: )
Deleted Text: -
Deleted Text: (
Deleted Text: )
Deleted Text:  - 
Deleted Text: (
Deleted Text: )
Deleted Text:  
Deleted Text: ,
Deleted Text:  
Deleted Text: ,
Deleted Text: .
Deleted Text: , 1:100
Deleted Text: 13h4, 
Deleted Text:  
Deleted Text: ,
Deleted Text: x
Deleted Text: , Nussloch, Germany
Deleted Text: average 
Deleted Text: ,
Deleted Text:  (INTENSITY)
Deleted Text: &hx002A;
Deleted Text: &hx002A;
Deleted Text:  
Deleted Text: X
Deleted Text: S
Deleted Text: M
Deleted Text:  
Deleted Text: ;
Deleted Text: <italic>A</italic>
Deleted Text: or standard error (
Deleted Text: )
Deleted Text: -
Deleted Text: &hx003C;
Deleted Text: 0
Deleted Text: to be


Results

Digital Analysis

AMACR expression was significantly elevated in

HGPIN and adenocarcinoma, and their individual levels

were significantly higher than those of benign glands (adeno-

carcinoma vs benign, P< .001; HGPIN vs benign, P< .001;

adenocarcinoma vs HGPIN, P< .001) Figure 1A .

MAGI-2 was significantly elevated in HGPIN and neo-

plastic glands across all Gleason grades compared with benign

glands, as previously described (adenocarcinoma vs benign,

P< .05; HGPIN vs benign, P< .05).8 Unlike AMACR, there

was no significant difference between MAGI-2 STAIN in

HGPIN and adenocarcinoma (P¼ not significant) Figure 1B .

Visual Analysis

Similarly to digital analysis, AMACR expression was

significantly elevated in HGPIN and adenocarcinoma com-

pared with benign tissue Figure 2A . The median H-score

was 0 in benign glands vs 55 in HGPIN (P< .001) and 150

in adenocarcinoma (adenocarcinoma vs benign, P< .001;

HGPIN vs benign, P< .001; adenocarcinoma vs HGPIN,

P< .001).

MAGI-2 median H-score was 100 in benign glands vs

200 in both HGPIN and adenocarcinoma with similar ex-

pression in all Gleason grades (adenocarcinoma vs benign,

P< .001; HGPIN vs benign, P< .001). As in the digital ana-

lysis, there was no difference in MAGI-2 expression

between HGPIN and adenocarcinoma (P¼ not significant)

Figure 2B . Representative images of AMACR and MAGI-

2 are illustrated in Image 1 .

Correlation Between AMACR and MAGI-2 Expression

There was a significant correlation between AMACR

and MAGI-2 expression for benign, HGPIN, and adenocar-

cinoma in both digital and visual analyses (Spearman correl-

ation: STAIN, 0.495, P¼ 2 � 10�7; H-score, 0.510, P¼ 2

� 10�7) Figure 3 .

Comparison of Discriminatory Ability

By ROC curve analysis using STAIN and H-score val-

ues, areas under the curve (AUCs) were 0.937 6 0.136 and

0.924 6 0.0142 for AMACR and 0.846 6 0.150 and

0.818 6 0.0244 for MAGI-2, respectively Figure 4 . The

difference in area was 0.091 6 0.021 (P< .0001) and

0.105 6 0.029 (P< .0001), favoring AMACR. At all H-

score cutoffs, MAGI-2 was more sensitive but less specific

in distinguishing benign from malignant glands, and at H-

score cutoffs of 300 and 200, it was more accurate than

AMACR Table 1 . An analysis of the discriminatory

power of MAGI-2 and AMACR in distinguishing malig-

nant glands from adjacent benign glands was conducted in

cases with coexistent benign and malignant prostatic

glands on the same core. Forty-three cores in which both

cancer and normal histology were represented on the same

slide for MAGI-2 and AMACR were evaluated. Stains

were considered discriminatory if the visual intensity of
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Figure 1 Digital analysis of membrane-associated guanylate kinase, WW and PDZ domain-containing protein 2 (MAGI-2) and

a-methylacyl CoA (AMACR) staining. The amount of staining (STAIN) was determined for benign tissue, high-grade prostatic

intraepithelial neoplasia (HGPIN), and cancer. A, AMACR was elevated in HGPIN and cancer and was significantly different be-

tween benign tissue and HGPIN, as well as between HGPIN and cancer. B, MAGI-2 was elevated in HGPIN and cancer com-

pared with benign tissue.
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staining was appreciably higher (eg, 1þ vs 2þ) in adeno-

carcinoma than benign tissue. MAGI-2 was discriminant in

41 (95%) cases, while AMACR was discriminant in only

38 (88%). For both cases where MAGI-2 was not discrim-

inatory, the intensity in benign and malignant glands was

equal. For AMACR, there were four cases with equal stain-

ing and one in which the benign glands showed stronger

staining. MAGI-2 confirmed the presence of cancer in all

four cases “missed” by AMACR. Similarly, AMACR was

discriminatory in both cases in which MAGI-2 was not

Image 2 .

Discussion

In this study we compared the immunohistochemical

expression of MAGI-2 and AMACR in benign and malig-

nant prostatic tissue using digital microscopy and visual

analysis and showed that MAGI-2 and AMACR are simi-

larly significantly overexpressed in cancer in all ranges of

Gleason grades compared with benign glands. Using

digital analysis, the AUC for AMACR was higher than that

for MAGI-2. However, visual evaluation showed that

MAGI-2 had slightly higher accuracy than AMACR in

distinguishing benign glands from adenocarcinoma with a

greater discriminatory power, especially evident in foci of

adenocarcinoma that lacked AMACR expression. These

findings suggest that MAGI-2 could be of clinical utility in

the evaluation of prostate needle biopsy material, espe-

cially when other markers are not discriminatory.

Immunohistochemistry is commonly used to support

the morphologic diagnosis of prostate cancer. The most

commonly used markers include those specific for basal

cells (HMWCK and p63) and AMACR. Although typically

adenocarcinoma lacks expression of basal cell markers, be-

nign lesions such as adenosis, atrophy, or benign glands

may also demonstrate similar basal cell loss.17-20

Conversely, HMWCK staining in a nonbasal distribution

and aberrant diffuse expression of p63 may occasionally be

observed in prostate cancer.21,23 Aside from its suboptimal

sensitivity, another caveat is that AMACR also stains 5% to

21% of benign prostatic glands16,19,24,25 and up to 18% of

cases of adenosis,26 all of which limit its specificity. Thus,

although current ISUP recommendations suggest the use of

“HMWCK, or p63 or a combination of the two with

AMACR either in a double or triple cocktail” for the

workup of small foci of atypical glands suspicious for pros-

tatic adenocarcinoma, identification of novel markers of

malignancy that could complement the use of AMACR is

warranted. Our data suggest that MAGI-2 could potentially

represent such a marker.

MAGI-2 is a multidomain scaffolding protein that

interacts with many intracellular signaling proteins.27

MAGI-2 rearrangement with frame shift mutation has been

demonstrated in a melanoma cancer cell line.28 In hepato-

cellular carcinoma, MAGI-2 upregulates PTEN expression

by decreasing protein degradation rather than increasing

messenger RNA (mRNA) level and inhibits cell migration

and proliferation,27 while MAGI-2 epigenetic silencing has

been shown in cervical cancer.29 In lung cancer, miR-134,

miR-487b, and miR-655 target MAGI-2 and promote
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Figure 2 Visual analysis of membrane-associated guanylate kinase, WW and PDZ domain-containing protein 2 (MAGI-2) and

a-methylacyl CoA (AMACR) staining. H-score was determined for benign tissue, high-grade prostatic intraepithelial neoplasia

(HGPIN), and cancer. A, AMACR was elevated in HGPIN and cancer and was significantly different between benign tissue and

HGPIN, as well as between HGPIN and cancer. B, MAGI-2 was elevated in HGPIN and cancer compared with benign tissue.
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Image 1 Membrane-associated guanylate kinase, WW and PDZ domain-containing protein 2 (MAGI-2) and a-methylacyl CoA

(AMACR) expression in benign and malignant prostate tissue. H&E-stained sections (A and D, �200) show small infiltrating

glands of Gleason pattern 3 adenocarcinoma. MAGI-2 (B and E, H-score 300 and 200, �200) and AMACR (C and F, H-score

270 and 180, �200) show a similar pattern of cytoplasmic stain in the malignant glands.
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epithelial-mesenchymal transition, a mechanism involved

in the process of metastasis.30 MAGI-2 binds to the

C-terminus of PTEN through its PDZ domain in a yeast

two-hybrid assay, resulting in increased PTEN stability

and phosphatase activity.31 In prostate cancer, genetic

changes at the MAGI-2 and PTEN loci appear to be

mutually exclusive.32 In prostate cancer cell lines, genetic

alterations of PTEN result in loss of MAGI-2 mRNA but

not always PTEN mRNA,33 and rearrangements including

two independent but closely aligned inversions and two

long-range intrachromosomal inversions have been re-

cently demonstrated.7
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Figure 3 Correlation of a-methylacyl CoA (AMCR) and membrane-associated guanylate kinase, WW and PDZ domain-contain-

ing protein 2 (MAGI-2) staining. A, H-score for individual cores showed a positive correlation (r¼0.510, P¼2 � 10�7). B,

Amount of staining (STAIN) for individual cores showed a positive correlation (r¼0.495, P¼2 � 10�7).
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Figure 4 Comparative receiver operating characteristic curves for membrane-associated guanylate kinase, WW and PDZ do-

main-containing protein 2 (MAGI-2) and a-methylacyl CoA (AMACR) staining. AMACR and MAGI-2 were able to distinguish can-

cer from benign tissue, with an area under the curve of 0.937 and 0.846 (P< .0001) (A, image analysis) and 0.924 and 0.818

(P< .0001) (B, H-score), respectively.
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Image 2 Comparison of membrane-associated guanylate kinase, WW and PDZ domain-containing protein 2 (MAGI-2) and

a-methylacyl CoA (AMACR) staining. H&E-stained sections (A and D, �200) of two representative cores show Gleason pattern

3 and 5 glands, respectively. MAGI-2 stains the malignant glands in both cases (B and E, H-score 300 and 200, �200), while

AMACR is negative (C and F, H-score 0 and 10, �200).
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We have previously shown that MAGI-2 staining by

immunohistochemistry is significantly increased in HGPIN

and adenocarcinoma compared with benign glands by both

visual and image analysis.8 In the current study, AMACR

showed differential staining between HGPIN and adenocar-

cinoma. Therefore, MAGI-2 is unlikely to be useful in this

differential diagnosis. This difference likely reflects differ-

ent biologic processes leading to overexpression, which

merit further study.

In the present study, ROC curve analysis based on a con-

tinuous variable obtained through digital and visual analysis

showed a greater AUC for AMACR compared with MAGI-

2; however, visual analysis demonstrated a higher accuracy

for MAGI-2. To minimize the effect of potential different

preanalytic specimen handling procedures, length of fixation,

and processing on immunohistochemical findings, we also

analyzed the discriminatory power of these two markers in

distinguishing between benign and malignant glands on the

same TMA core. This showed that MAGI-2 was discrimin-

atory in a greater proportion of cases (95% vs 88%).

Although the small number of cases is likely the reason for

the lack of a statistically significant difference, this finding

certainly suggests that MAGI-2 is at least equivalent to

AMACR in distinguishing benign from malignant glands.

This finding, coupled with the higher overall sensitivity of

MAGI-2 at all analyzed H-score cutoffs, suggests that this

marker may be a useful adjunct to the diagnosis of prostatic

adenocarcinoma, especially in cases where AMACR is

negative.

In summary, this study shows that MAGI-2 is a sensi-

tive and specific marker for adenocarcinoma. Although less

specific than AMACR, MAGI-2 demonstrates higher sensi-

tivity, accuracy, and discriminatory value, suggesting that it

could represent a useful adjunct for the diagnosis of pros-

tatic adenocarcinoma, especially when AMACR is not con-

tributory. Given the retrospective TMA-based nature of this

study, additional studies comparing the use of MAGI-2 and

AMACR in prostate needle biopsy material are needed to

validate these findings and potentially substantiate the util-

ity of MAGI-2 in this setting.
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