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Spontaneous pathologic changes occur at low incidence in the 
prostates of wild-type mice.12 These changes include neoplastic 
proliferations, such as hyperplasia and mouse prostatic intraepi-
thelial neoplasia, as well as nonneoplastic alterations. Even in ge-
riatric mice, pathologic changes of the prostate are rare. In a large 
survey of 612 wild-type B6C3F1 mice involved in a 2-y toxicology 
and carcinogenicity study, not a single spontaneous carcinoma of 
prostate was observed.13 Importantly, mucinous metaplasia was 
detected in only a single dorsolateral prostate, thus representing 
less than 0.2% of the mice studied.13 To our knowledge, no further 
data for genetically wild-type mice have been published, and 
mice of different genetic backgrounds have been considered the 
same in this regard.12

The most prominent characteristic of mucinous metaplasia 
(also called intestinal metaplasia) in the prostate is the appear-
ance of goblet cells, which typically do not occur in the prostatic 
epithelium. Goblet cells are specialized secretory cells that are a 
normal component of mucosal epithelium, producing lubrication 
and acting as a barrier against outside pathogens and debris.9 
Goblet cells occur most frequently in the intestinal and pulmo-
nary epithelia and are prominent in the conjunctival epithelium 
of the eye.

In the human prostate, well-recognized forms of metaplasia 
include transitional urothelial metaplasia, mucinous metapla-
sia, and squamous metaplasia. Mucinous metaplasia in human 
prostate is usually a focal process, involves all ages, and mostly 
is located in the inferior periurethral area.1,6 Benign lesions with 
mucin-secreting cells are found in both normal and hyperplastic 
human prostates.5 In addition, mucinous adenocarcinoma, a rare 
form of prostate cancer, has been described in human samples.1

Mucinous metaplasia in the prostate reportedly occurs after 
genetic manipulation in several mouse prostate cancer models. 
Transgenic mice overexpressing RAS in the prostate exhibit low-
grade prostatic intraepithelial neoplasia and intestinal metapla-
sia with goblet cells.11 In mice null for Pten and overexpressing 
human MYC showed adenocarcinoma of the prostate with focal 
intestinal metaplasia in a background of high-grade prostatic 
intraepithelial neoplasia,2 despite the fact that metaplasia has 
not been reported for either of the parental transgenic lines. A 
similar phenotype of prostate adenocarcinoma with focal in-
testinal metaplasia in a background of high-grade prostatic 
intraepithelial neoplasia affected mice with conditional Pten 
loss, lacking an allele on Nkx3.1 and expressing an activated 
K-ras mutant (Nkx3.1CreERT2/+;Ptenflox/flox;KrasLSL/+).7 Deletion 
of androgen receptor from the prostate epithelial cells of Pten-
null mice, reported to develop adenocarcinoma in dorsolateral 
lobes,10 induced focal intestinal metaplasia.8 Mucinous metapla-
sia was noted in the prostates of old mice transgenic for FGF8b, 
and the rate was markedly increased in the prostates of FGF8b-
Tg-BERKOFVB mice also deficient for estrogen receptor β (82% 
compared with 38%).3,4

To ensure the correct interpretation of results obtained from 
genetically modified mouse models, it is critical that age-related 
alterations in genetically wild-type mice are thoroughly recorded. 
Even though previous authors13 screened numerous mice, all of 
the animals represented a single genetic background. Here we 
report that the incidence rate of mucinous metaplasia in the pros-
tate is considerably higher in mice of the FVB/N genetic back-
ground than reported previously for wild-type B6C3F1 mice.13

Case Report
We histologically examined the ventral, dorsal and lateral 

prostates of 48 male FVB/N mice (age, 11 to 24 mo; Table 1).  
Ethical approval for animal experimentation has been admitted 
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Discussion
Here we report an increased incidence rate of mucinous meta-

plasia in the mouse prostate compared with rates previously re-
ported in the literature.7,13 We studied mice of the FVB/N strain 
and found that 43% to 50% of 17- to 24-mo-old mice had at least 
one area of mucinous metaplasia in the prostatic epithelium. 
These lesions included apparent goblet cells in the epithelium 
and prominent mucinous secretions in the lumen of the acini. 
We found no evidence of goblet cells in 11- to 12-mo-old mice. 
In addition to the mucin-filled goblet cell vesicles, the mucinous 
metaplasia we observed often involved heightened, even pseu-
dostratified, epithelium and exhibited typical, compressed, or 
triangular-shaped goblet-cell nuclei.

Previous reports of mucinous metaplasia with goblet cells in 
the mouse prostate have mostly involved genetically modified 
mouse models of prostate cancer. In some cases, the original re-
ports did not mention metaplasia, but rescreening of the material 
has revealed the lesion.7 Perhaps the incidence of metaplasia in 
the previous tumor models was low or that mucinous metaplasia 
as such may not have been considered a noteworthy alteration 
in a tumor model, thus explaining the lack of reports of this le-
sion. It is noteworthy that most mouse prostate tumor models 
that develop mucinous metaplasia lack Pten or ERβ, and it was 
recently shown that the prostate tumorigenesis due to Pten dele-
tion involves ERβ repression.8 Therefore, it is tempting to specu-
late that the Pten–ERβ pathway governs the differentiation state 
of the epithelial cells or the homeostasis of the prostate epithelial 
tissue and acts as a barrier against mucinous metaplasia in mouse 
prostate epithelium.

In a previous report involving the B6C3F1 strain, mucinous 
metaplasia was detected in less than 0.2% of the mice studied.13 
According to our current data, FVB/N mice are considerably 
more prone to mucinous metaplasia of the prostate than has been 
reported for B6C3F1 animals, thus suggesting strain-dependent 
differences in the incidence of this abnormality. In addition, the 
number of slides evaluated per mouse may account for in the 
divergent results between the current and earlier reports. Here, 
the entire prostate (all 3 lobes) was sectioned and examined every 
50 µm throughout the entire organ. This density of inspection 
ensured that all acini of the prostate were screened for histologic 
alterations in these mice.

In addition, various environmental factors may influence the 
rate of metaplasia in the murine prostate, for example, differ-
ences in inflammatory burden or diet between mice housed 
in different facilities. In the current study, the mice evaluated 
were housed in 2 different semibarrier facilities and were fed 
the same diet. The facilities were monitored for infectious agents 
according to FELASA guidelines.5 In one facility, no major in-
fections were found during the period when these mice were 
housed, only infrequent positive results for Staphylococcus aure-
us. In the second facility, infrequent positive findings during the 
housing time of these mice were obtained for several bacteria 
(Staphylococcus aureus, Pasteurella pneumotropica, Helicobacter gan-
mani, Helicobacter hepaticus, Helicobacter typhlonius, and Klebsiella 
oxytoca), 2 parasites (Trichuris muris and Entamoeba muris), and 
mouse norovirus. Yet, the incidence of mucinous metaplasia did 
not differ between the mice housed in the 2 facilities (data not 
shown).

We report here that mucinous metaplasia can be far more 
common in the mouse prostate than earlier reported. Whether 

by the Regional State Administrative Agency for Southern Fin-
land (ESAVI/6271/04.10.03/2011). The mice were predominantly 
of the FVB/NHanHsd substrain (Envigo, Horst, Netherlands) 
that were 1 to 4 generations descendant to mice purchased from 
the supplier; the remaining 21% (n = 10) of the mice had one par-
ent of the substrain FVB/NCrl (Charles River, Sulzfeld, Germa-
ny). The mice were housed in 2 different semibarrier facilities 
routinely sampled for microbiologic status according to FELASA 
guidelines.5 Aspen bedding (Tapvei, Paekna, Estonia) was used, 
and the mice were fed a commercial diet (RM 3[E] soya free, Spe-
cial Diets Services, Essex, UK).

Tissues were fixed in either formalin or PAXgene molecular 
fixative (PreAnalytiX, Hombrechtikon, Switzerland) according to 
manufacturer’s recommendations and embedded in paraffin. The 
tissue blocks were sectioned (thickness, 5 μm), and sections at 50-
µm intervals were stained with hematoxylin and eosin to study 
the overall histology throughout the prostate. Adjacent sections of 
any suspect areas of metaplasia detected in sections stained with 
hematoxylin and eosin were stained with periodic acid–Schiff 
(PAS) and counterstained with hematoxylin to detect mucin se-
creted by goblet cells (Figure 1).

We found 19 lesions of mucinous metaplasia in 14 mice that 
ranged in age between 17 to 24 mo (47% of the mice had lesions; 
1.4 lesions on average; Table 1). Of the 14 mice affected, 4 had 2 
or more separate metaplastic areas. The incidence of metaplasia 
was 50% in 22- to 24-mo-old mice compared with 43% in 17- to 
18-mo-old mice. The lateral prostate was the most common lobe 
for mucinous metaplasia: all of the lesions in the 17- to 18-mo 
age group affected the lateral prostate. In the 22- to 24-mo age 
group, the majority (67%) of the metaplastic lesions were found 
in the lateral prostate, with 17% each in the dorsal and ventral 
lobes (Table 1). Mucinous metaplasia was not observed in the 
prostates of 11- to 12-mo-old wild-type FVB/N mice (n = 18; 
Table 1).

Mucinous metaplasia often involved scattered areas of epithe-
lium in several glands (Figure 1 A). In some regions, the meta-
plastic epithelium was increased in height, becoming columnar 
or pseudostratified, with apparent goblet cells (Figure 1 B and 
E). Staining with PAS confirmed the metaplastic changes to be 
mucinous metaplasia (Figure 1 B, D, and F), as PAS-staining in-
dicates the mucins produced by the goblet cells both within cells 
and within the lumen of the prostatic acini. In addition, the goblet 
cells exhibited typical densely stained nuclei with a compressed 
or even triangular appearance compared with the round or el-
liptically shaped nuclei of normal cuboidal to columnar prostatic 
epithelium (Figure 1 C through F).

Table 1. Rate of mucinous metaplasia in FVB/N mice

Age of mice (mo)

11–12 17–18 22–24

No. of mice 18 14 16
% of mice with PAS-positive areas 0 43 50
Average no. of PAS-positive areas — 1.2 1.5
 per mouse
% of lesions in each lobe
 Lateral — 100 67
 Dorsal — 0 17
 Ventral — 0 17
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cooperates with AKT in prostate tumorigenesis and alters sensitivity 
to mTOR inhibitors. PLoS One 6:e17449. 

 3. Elo TD, Valve EM, Seppänen JA, Vuorikoski HJ, Mäkelä SI, Poutanen 
M, Kujala PM, Härkönen PL. 2010. Stromal activation associated  
with development of prostate cancer in prostate-targeted fibroblast 
growth factor 8b transgenic mice. Neoplasia 12:915–927, IN17–IN19 

 4. Elo T, Yu L, Valve E, Mäkelä S, Härkönen P. 2014. Deficiency of 
ERβ and prostate tumorigenesis in FGF8b transgenic mice. Endocr 
Relat Cancer 21:677–690. 

 5. FELASA working group on revision of guidelines for health 
monitoring of rodents and rabbits, Mähler Convenor M, Berard 
M, Feinstein R, Gallagher A, Illgen-Wilcke B, Pritchett-Corning K, 
Raspa M. 2014. FELASA recommendations for the health monitoring 
of mouse, rat, hamster, guinea pig, and rabbit colonies in breeding 
and experimental units. Lab Anim 48:178–192.

 6. Gal R, Koren R, Nofech-Mozes S, Mukamel E, His Y, Zajdel L. 
1996. Evaluation of mucinous metaplasia of the prostate gland by 
mucin histochemistry. Br J Urol 77:113–117. 

 7. Ittmann M, Huang J, Radaelli E, Martin P, Signoretti S, Sullivan R, 
Simons BW, Ward JM, Robinson BD, Chu GC, Loda M, Thomas G, 
Borowsky A, Cardiff RD. 2013. Animal models of human prostate 
cancer: the consensus report of the New York meeting of the Mouse 

the differences between our current and previous studies12 are 
dependent on genetic or environmental differences between the 
mice evaluated remains to be investigated. Future studies are 
also required to address the incidence of mucinous metapla-
sia in the prostates of other commonly used laboratory mouse 
strains.
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