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Figure 3. The nucleotide sequence of the EML4—ALK variant]l cDNA isolated from this patient is shown. Genome nucleotides corresponding to EML4 or to
ALK are shown in blue and red, respectively. An arrowhead indicates the fusion point.

Recurrent chromosome translocations were found in most
cases of secondary hematological malignancies after childhood
ALL treated with Berlin-Frankfurt-Munster (BFM)-based regi-
mens (8). Several anti-cancer drugs are considered to be potent
clastogenic agents. Thus, secondary hematological malignan-
cies may result from illegitimate recombination of chromo-
somal fragments caused by such anti-cancer agents (7). In this
regard, BFM-based treatment might play a direct role in
chromosome translocations detected in secondary malignan-
cies. On the other hand, oncogenic driver mutations, such as
EGFR mutant or K-ras mutant, have not been reported in rela-
tion to secondary lung cancer so far. This case also did not
harbor any EGFR mutations. In this regard, oncogenic point
mutations in lung cancer may have only a weak association
with carcinogenicity of anti-cancer drugs.

It was previously accepted that recurrent chromosome trans-
locations play a major role in the molecular pathogenesis of
hematological malignancies, but not solid tumors. However,
the discovery of EML4—ALK generated through inv (2)
(p21p23) has changed this notion (9). This fusion gene
encodes an oncogenic EML4—ALK fusion-type tyrosine
kinase. Wild-type ALK is thought to undergo transient homo-
dimerization in response to binding to its specific ligands,
resulting in its activation. On the other hand, EML4—ALK is
constitutively oligomerized via the coiled-coil domain within
EML4, leading to persistent mitogenic signals that eventually
lead to malignant transformation (9).

Brenner and Hall (12) described the risk of second malig-
nancies associated with CT. Indeed, Mathews et al. (13) iden-
tified CT scans as a risk factor for second malignancies in
a large cohort trial. However, the risk of lung cancer was
not increased in their report, and the present patient received
only one or two CT scans during his leukemia treatment and
never underwent CT prior to that. Thus, we consider that the
effect of irradiation was very limited in this secondary lung
adenocarcinoma.

The occurrence of secondary EML4—ALK-positive lung
cancer in the present case could have been the result of the
patient’s initial treatment for childhood ALL. Considering this
case, known or unknown oncogenic recurrent chromosome
translocations or DNA rearrangement might be present in
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other secondary epithelial malignancies, which should be
carefully investigated by physicians who treat patients with all
types of secondary malignancies.
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Summary Although protein arginine methyltransferase 5 (PRMTS5) has been implicated in various cancers,
its expression pattern in lung adenocarcinoma cell lines and tissues has not been elucidated enough. In this
study, microarray analysis of 40 non—small-cell lung carcinoma cell lines showed that PRMT5 was a
candidate histone methyltransferase gene that correlated with epithelial-mesenchymal transition.
Immunocytochemical analysis of these cell lines indicated that the expression of PRMTS was localized
to the cytoplasm of E-cadherin—low and vimentin-high cell lines, whereas it was predominant in the nucleus

‘and faint in the cytoplasm of E-cadherin—high and vimentin-low cell lines. Immunohistochemical analysis of

lung adenocarcinoma cases (n = 130) revealed that the expression of PRMTS was high in the cytoplasm of 47
cases (36%) and the nuclei of 34 cases (26%). The marked cytoplasmic expression of PRMTS5 was frequently
observed in high-grade subtypes (1 of 17 low grade, 21 of 81 intermediate grade, and 25 of 32 high grade;
P <.0001) such as solid adenocarcinoma with the low expression of thyroid transcription factor 1 (the master
regulator of lung) and low expression of cytokeratin 7 and E-cadherin (2 markers for bronchial epithelial
differentiation), whereas the high nuclear expression of PRMTS was frequently noted in adenocarcinoma in
situ, a low-grade subtype (6 of 17 low grade, 25 of 81 intermediate grade, and 3 of 32 high grade; P = .0444).
The cytoplasmic expression of PRMTS5 correlated with a poor prognosis (P = .0089). We herein highlighted
the importance of PRMTS expression, especially its cytoplasmic expression, in the process of epithelial-
mesenchymal transition and loss of the bronchial epithelial phenotype of lung adenocarcinoma.
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1. Introduction

The loss of E-cadherin, as a criterion standard of
epithelial-mesenchymal transition (EMT), has been
reported in approximately 10% of resected primary lung
adenocarcinoma cases [1], and no effective therapeutic
method has yet been established for lung cancer with the
features of EMT [2].

We recently demonstrated that lung adenocarcinoma
could be classified into 2 groups: a bronchial epithelial
phenotype and mesenchymal-like phenotype [3]. The
“bronchial epithelial phenotype” represents a group of
lung adenocarcinomas that highly expresses bronchial
epithelial markers and includes the thyroid transcription
factor 1 (TTF-1)—positive terminal respiratory unit type
[4] in addition to TTF-l1-negative tumors that highly
express bronchial epithelial markers such as cytokeratin 7
(CK7) and mucin 1 (MUCI) [3]. Mutations or amplifi-
cations in epidermal growth factor receptor (EGFR), c-
met proto-oncogene (MET), and human epidermal growth
factor receptor 2 (HER2) are frequent in the bronchial
epithelial phenotype. In contrast, the “mesenchymal-like
phenotype” is characterized by the absence of bronchial
epithelial markers (TTF-1, MUCI1, and CK7), no EGFR,
MET, or HER2 mutations or amplifications, and presence
of the features of EMT, such as the low expression of E-
cadherin and high expression of fibroblast growth factor
receptor 1 (FGFRI1), vimentin, and Zinc finger E-box-
binding homeobox 1 (ZEB1) [3]. The absence of EGFR,
MET, or HER2 mutations or amplifications in the
mesenchymal-like phenotype suggests that other genetic
or epigenetic abnormalities may play a role in this group
of tumors.

The identification of epigenetic regulatory factor
mutations including MLL, EZH2, ARIDIA, and
DNMT3A in various tumors has recently been attracting
a lot of interest [5-8]. Tumors with these mutations have
an undifferentiated, stem cell-like, and EMT phenotype,
which suggests that epigenetic mechanisms through
histone modifications may be correlated with EMT in
tumors. In this study, we focused on protein arginine
methyltransferase 5 (PRMTS). PRMTS catalyzes the
symmetrical dimethylation of arginine residues on
histone and nonhistone substrates and plays multiple
roles in cellular processes, including differentiation,
proliferation, apoptosis, and ribosome biogenesis [9-15].
Although the overexpression of PRMTS5 has been
reported in various cancers including lung cancer
[13,16-21], its expression pattern in terms of cytoplasmic
and nuclear localization in each histologic subtype of
lung adenocarcinoma and its relation to bronchial
epithelial markers, EGFR status, clinicopathological
factors, and prognosis have not yet been elucidated in
detail. We herein described the distinct expression
pattern of PRMTS5 and its significance in malignant
progression, especially in EMT.
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2. Materials and methods

2.1. Gene expression profile of 40 non-small-cell
lung carcinoma (NSCLC) cell lines

We used the microarray analysis data of 40 cell lines.
Detailed information is available in the Supplementary
methods and our previous studies [3,22].

2.2. Cell lines and medium

We used 6 cell lines (HCC4006, H1650, PC3, A549,
H522, and H1651) for Western blotting and immunocy-
tochemistry. HCC4006, H1650, and PC3, harboring
EGFR mutations, were used as representatives of the
bronchial epithelial phenotype, whereas A549, H522, and
H1651 with wild-type EGFR were used as representatives
of the mesenchymal-like phenotype in our previous study
[3]. All cell lines were maintained in RPMI 1640 media
supplemented with 10% fetal bovine serum and 1% anti-
biotics in a humidified atmosphere with 5% carbon
dioxide and 95% air.

2.3. Antibodies

The antibodies used in this study are summarized in
Supplementary Table S1.

2.4, Protein analysis and immunocytochemistry of
cell lines

Experimental details of Western blotting and immunocy-
tochemistry are given in the Supplementary methods.

2.5. Tissue microarray sections

We used tissue microarrays (TMAs) that were
produced to accommodate primary lung adenocarcinoma
tissue core sections collected from patients who had
undergone surgical resection at the University of Tokyo
Hospital between June 2005, and September 2008.
Informed consent was obtained from all patients, and
the study was approved by the institutional ethics review
committee. The demographic and clinicopathological
details of patients and tumors are provided in the
Supplementary methods.

2.6. Histopathologic grading of each subtype of
lung adenocarcinoma

Each case was classified according to the predominant
histopathologic subtype in the invasive lesions on TMA
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Fig. 1 A, Hierarchical cluster analysis of 40 lung cancer cell lines using PRMTYS, vimentin, CK7, TTF-1, E-cadherin, and MUC! gene
expression. The genetic statuses of EGFR and KRAS are shown in the lower panel (the gray box indicates the presence of genetic abnormalities, and
the white box shows the absence of genetic abnormalities). B, Genetic statuses of EGFR and KRAS (upper panel) and gene expression levels
(middle panel) and protein expression levels (lower panel) of PRMTS, vimentin, E-cadherin, TTF-1, CK7, and MUCI in the 6 cell lines. Color
indications in the middle lane are as follows: red means more than or equal to 1.5 times the average of each gene expression level; orange, less than
1.5 times the average and more than or equal to the average; yellow, less than the average and more than or equal to half the average; and green, less
than half the average. C, PRMTS immunocytochemical expression in mesenchymal-like phenotype cell lines (A549, H522, and H1651) and
bronchial epithelial phenotype cell lines (PC3, H1650, and HCC4006). (Original magnification x400) (blue, 4’,6-diamidino-2-phenylindole
(DAPI) for nuclear staining; green, PRMTS5; merge, mixed nuclear and PRMTS5 view). Gene and protein expression of PRMTS in cell lines.
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Fig. 2 PRMTS5 expression in primary lung adenocarcinoma. A, The well-differentiated adenocarcinoma component (lepidic growth
component) was positive for PRMTS5 (right side), whereas the expression of PRMTS was not observed in normal lung alveolar epithelia
(surrounded by a red dotted line). B, A magnified view of the lepidic growth component showing the nuclear expression of PRMTS5. C,
Moderately differentiated adenocarcinoma (acinar and papillary adenocarcinoma) sometimes showed the nuclear expression of PRMTS3. D,
Moderately differentiated adenocarcinoma (acinar and papillary adenocarcinoma) sometimes showed the cytoplasmic expression of PRMTS5.
E, Poorly differentiated adenocarcinoma (solid adenocarcinoma) frequently showed the cytoplasmic expression of PRMTS. F, Invasive
mucinous adenocarcinoma also frequently showed the cytoplasmic expression of PRMTS. G to I, Heterogeneous PRMTS expression in lung
adenocarcinoma. I shows a low-power field of invasive adenocarcinoma with mixed subtypes. The left side shows solid adenocarcinoma
components, and right side shows acinar adenocarcinoma and lepidic growth components. G shows a high-power field of solid
adenocarcinoma components, which showed the cytoplasmic expression of PRMTS5. H shows a high-power field of acinar adenocarcinoma
and lepidic growth components, which showed the nuclear expression of PRMTS. Original magnification x100 (A), x200 (B-H), x40 (I).
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sections by 2 pathologists (D. M. and A. G.). Each
histologic subtype of lung adenocarcinoma was classified
into 3 grades, by referring to the histopathologic grading
described previously by Yoshizawa et al [23] with a
slight modification. Detailed information on histopatho-
logic subtyping and grading is provided in the Supple-
mentary methods.

2.7. Immunohistochemistry and evaluation

Formalin-fixed, paraffin-embedded tumor specimens
were analyzed by immunohistochemistry using antibodies
to PRMTS35, E-cadherin, CK7, MUCI, and TTF-1. Staining
procedures and evaluation methods are given in the
Supplementary methods.

2.8. Bioinformatic analyses and statistics

Details are shown in the Supplementary methods.

3. Results

3.1. PRMT5, a candidate gene involved in EMT, among
histone methyltransferases and demethylases,
depending on oligonucleotide array analysis of

40 cell lines.

We extracted expression profile data for histone
methyltransferases and demethylases and examined the
relative expression levels of these genes in the 40 lung
cancer cell lines examined to identify histone methyl-
transferases and demethylases that correlated with EMT.
The comprehensive data set for the expression profiles
of these genes is shown in Supplementary Table S2. We
then calculated the correlation coefficients of vimentin
and E-cadherin for each gene and selected the genes
that met the following requirements: (correlation coeffi-
cient with vimentin — correlation coefficient with E-
cadherin) x % > 0.3 or < —0.3. The results are shown
in Supplementary Table S3. We focused on PRMTS as
the best suitable candidate correlated with EMT. We
performed hierarchical cluster analysis of the 40 NSCLC
cell lines, based on PRMTS, TTF-1, MUCI, CK7, E-
cadherin, and vimentin gene expression. We found that
PRMT5 was correlated with vimentin and highly
expressed in cell lines that expressed high levels of
vimentin and low levels of E-cadherin and the other
bronchial epithelial markers (T7F-1, CK7, and MUCI)
(Fig. 1A). EGFR mutations were frequently observed in
PRMT5-low cell lines, whereas v-Ki-ras2 Kirsten rat
sarcoma viral oncogene homolog (KRAS) mutations
appeared in both PRMT5-high and PRMTS5-low cell
lines (Fig. 1A).
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3.2. Protein expression of PRMT5 in
mesenchymal-like and bronchial epithelial
phenotype cell lines by Western blotting and
immunocytochemistry

We performed Western blot analysis using 6 lung
adenocarcinoma cell lines that contained 3 mesenchymal-
like phenotypes: H522, H1651, and A549 and 3 bronchial
epithelial phenotypes: HCC4006, H1650, and PC3, to
compare the protein expression of PRMTS between the 2
phenotypes. Fig. 1B summarizes the following: (i) the
genetic status of EGFR and KRAS (upper panel); (ii) gene
expression levels of PRMTS, vimentin, E-cadherin, TTF-1,
CK7, and MUCI (middle panel); and (iii) protein expression
levels of PRMTS, vimentin, E-cadherin, TTF-1, CK7, and
MUCI (lower panel) in the 6 cell lines. The expression of
the PRMTS5 protein was higher in mesenchymal-like cell
lines in which the expression of vimentin was high and that
of bronchial epithelial markers was low.

We then performed immunocytochemical analysis using
these 6 cell lines and found that PRMTS expression was
predominant in the cytoplasm in the mesenchymal-like
phenotype, whereas it was predominant in the nucleus but
faint in the cytoplasm in the bronchial epithelial phenotype
with EGFR mutations (Fig. 1C). This result suggests that the
cytoplasmic expression of PRMTS may be associated with
EMT and/or wild-type EGFR.

3.3. Immunohistochemical expression of PRMT5 in
primary lung adenocarcinoma tissues

We used TMA sections of primary lung adenocarcinoma
cases (n = 130) to examine the immunohistochemical
expression patterns of PRMTS. Forty-three of 130 cases
showed the high cytoplasmic expression and low nuclear
expression of PRMTS5, 30 showed the low cytoplasmic
expression and high nuclear expression, and 53 showed low

Table 1  Correlations between PRMTS expression levels in
the cytoplasm (C) and nucleus (N) and histopathologic
subtypes of primary lung adenocarcinomas

Subtypes C+ C-
Lepidic growth component N+ 0 6
N- 1 10

Acinar adenocarcinoma component N+ 0 4
N- 9 12

Papillary adenocarcinoma component N+ 1 20
N- 11 24

Solid adenocarcinoma component N+ 3 0
N- 20 6

Invasive mucinous adenocarcinoma N+ 0 0
component N- 2 1
Total 47 83
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Table 2  Correlations between PRMTS expression levels in
the cytoplasm (C) and nucleus (N) and histopathologic grades
of primary lung adenocarcinomas

Gt SC=rn P Nk s Nwzr 0P

Histologic grades

Low grade 1 16 <.0001 6 11  .0444
Intermediate grade 21 60 25 Ha, 56
High grade 25 7 30229

cytoplasmic expression and low nuclear expression.
Although both cytoplasmic and nuclear expression levels
of PRMTS5 were high in 4 cases, an inverse correlation was
observed between the cytoplasmic and nuclear expression
of PRMTS5 in 130 cases (P = .0002). We then examined the
expression levels of PRMTS in the cytoplasm and nucleus
of each histopathologic subtype. Normal alveolar epithelia
were negative for PRMTS (Fig. 2A), whereas the nuclear
expression of PRMTS was high in the well-differentiated
adenocarcinoma component, that is, lepidic growth com-
ponent (6 of 17, 35%), which less frequently showed the
high cytoplasmic expression of PRMTS (1 of 17, 6%)
(Fig. 2A and B; Table 1). Moderately differentiated
adenocarcinoma components, that is, acinar or papillary
adenocarcinomas, showed the high nuclear expression of
PRMTS in 25 of 81 cases (31%) and high cytoplasmic
expression of PRMTS in 21 of 81 cases (26%) (Fig. 2C and
D; Table 1). The poorly differentiated adenocarcinoma
component, that is, solid adenocarcinoma with mucin,
frequently showed the high cytoplasmic expression of
PRMTS (23 of 29, 79%) and less frequently showed the
high nuclear expression of PRMTS (3 of 29, 10%) (Fig. 2E
and Table 1). Cytoplasmic predominance was also seen in
mucinous adenocarcinoma (2 of 3, 66%) (Fig. 2F and
Table 1). PRMTS sometimes showed heterogeneous
staining pattern, typically showing nuclear positive staining
in well- to moderately differentiated adenocarcinoma
components and cytoplasmic staining in poorly differenti-
ated adenocarcinoma components (Fig. 2G-I).

Histologic progression to higher grade with loss of
bronchial epithelial phenotype is involved in the process of
EMT in our previous report [2]. Here, we examined
correlations between histologic grades (low grade, interme-
diate grade, and high grade) and PRMTS expression levels in
the cytoplasm and nucleus, respectively (Table 2). The

Table 3  Correlation between the grades of lung
adenocarcinoma and groups defined by the PRMTS5 expression
pattern

Histologic ~ C+ C-N+ C=-N- P

grades group group group

Low grade 1 6 10 C+ vs C—N+: <.0001

Intermediate 21 24 36 C—N+ vs C—N—: .3780
grade

High grade 25 0 T C+ vs C—N—: <.0001
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Table 4 Correlations between the cytoplasmic expression
levels of PRMTS5 and (i) clinicopathological factors, (ii) EGFR
mutations, and (iii) the expression of bronchial epithelial

markers

Cytoplasmic PRMTS

High Low P.

Pathologic stage* .0887
Stage 1A 14 38
Stage IB-IV 32 45

T stage .0680
T1 16 42
T2,T3,T4 31 41

Nodal involvement " 8858
Positive 12 21
Negative 34 56

Lymphatic invasion 5064
Positive 12 17
Negative 35 66

Vessel invasion .0376
Positive 24 27
Negative 23 56

Pleural invasion .1489
Positive 26 35
Negative 21 48

Dissemination 2835
Positive 0 2
Negative 47 81

Tumor size .3640
<3 cm 16 22
>3 cm 31 61

Pulmonary metastasis 5916
Positive 4 5
Negative 43 78

Smoking index © 7410
<600 21 34
>600 24 44

EGFR mutations * .0880
Positive 12 31
Negative 25 31

E-cadherin .0138
High level 42 82
Low level 5 1

TTE-1 <.0001
High level 30 78
Low level 17 5

CK7 .0140
High level 34 74
Low level 13 9

MUCI (membranous) .0006
High level 21 62
Low level 26 21

MUCI (depolarized) .0002
High level 12 3
Low level 35 80

 Pathologic N factors were not determined for 7 cases.

® Six of 7 cases were more than stage IA and included 2 cases of

stage IV patients with pleural dissemination.

¢ The smoking index was not determined for 7 cases.

4 The EGFR genetic status was not determined for 31 cases.
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prevalence of high-grade tumors was significantly higher in
cases that expressed high levels of PRMTS in the cytoplasm
than in those that expressed low levels in the cytoplasm (P <
.0001), whereas the prevalence of low-grade tumors was
significantly higher in cases that expressed high levels of
PRMTS in the nucleus than in those that expressed low levels
in the nucleus (P = .0444). However, among 4 cases that
expressed high levels of PRMTS in both the cytoplasm and
nucleus, 3 (75%) showed high-grade subtype (solid
adenocarcinoma), and 1 (25%) showed intermediate-grade
subtype (papillary adenocarcinoma), which suggested to us
that cytoplasmic PRMTS expression would be more closely
correlated with histologic grades than nuclear PRMTS
expression. Next, we classified 130 cases into 3 groups
according to their PRMTS5 expression patterns to verify the
significance of PRMTS cytoplasmic expression (Table 3): a
C+ group, comprising cases that expressed high levels in the
cytoplasm with or without expression in the nucleus (n = 47);
C—N+ group, comprising cases that expressed low levels in
the cytoplasm and high levels in the nucleus (n = 30); and C—
N-— group, comprising cases that expressed low levels in both
the cytoplasm and nucleus (n = 53). We compared histologic
grades and this group classification and showed that grades
in the C+ group were significantly higher than those in the
C-N+ and C-N- groups (P < .0001); however, no

erin
%y

significant difference was observed between the C—N+ and
C—N-— groups (P =.3780) (Table 3). These results suggested
that the nuclear localization of PRMTS5 may not be correlated
with the maintenance of a differentiated phenotype, whereas
the cytoplasmic localization of PRMTS appears to be
significant in the processes of EMT.

We examined the correlation between the cytoplasmic
expression of PRMTS and clinicopathological factors,
EGFR status, and bronchial epithelial markers (TTF-1,
CK7, MUCI, and E-cadherin) (Table 4). We found that high
cytoplasmic PRMTS expression was correlated with low
expression levels of TTF-1, CK7, MUCI1 (membranous),
and E-cadherin and high expression levels of depolarized
MUCI (Fig. 3A-E; Table 4). The prevalence of wild-type
EGFR was slightly higher in cases that expressed high
levels of PRMTS in the cytoplasm (P = .0880). Fig. 3F
to J shows the typical immunohistochemical expression
patterns of TTF-1, CK7, E-cadherin, and MUCI in
lepidic growth components with the high nuclear
expression of PRMTS5.

3.4. Prognostic significance of PRMT5 expression

Survival curves based on histologic grades are shown in
Fig. 4A. Low-grade cases showed the best prognosis (the 5-

Fig. 3 Immunohistochemical expression of PRMTS5, E-cadherin, TTF-1, CK7, and MUCI in the same tissue samples. A to E, Case of solid
adenocarcinoma with mucin (high-grade subtype). A shows the cytoplasmic expression of PRMTS. B shows the low level of E-cadherin
expressed in the membrane. C shows the low level of TTF-1 expressed in the nucleus. D shows the low level of CK7 expressed in the
membrane and cytoplasm. E shows the low level of membranous MUCI expressed and the depolarized (cytoplasmic) expression pattern of
MUCIL. F to J, Case of adenocarcinoma in situ (low-grade subtype). F shows the nuclear expression of PRMTS5. G shows the high level of E-
cadherin expressed in the membrane. H shows the high level of TTF-1 expressed in the nucleus. I shows the high level of CK7 expressed in the
membrane and cytoplasm. J shows the high level of MUCI expressed in the apical membrane (Original magnification x200).
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Fig. 4 Overall survival curves according to (A) histologic grades
and (B) PRMTS expression patterns. A, Patient survival curves
according to histologic grades. Patients were classified into 3
groups according to their histologic grades: low grade (n = 17),
intermediate grade (n = 79), and high grade (n = 30). B, Patient
survival curves according to PRMTS5 expression patterns. In this
figure, the C+ group comprised cases that expressed high levels of
PRMTS in the cytoplasm with or without its expression in the
nucleus (n = 47); C— group, cases that expressed low levels of
PRMTS in the cytoplasm with or without its expression in the
nucleus (n = 79); C—N+ group, cases that expressed low levels of
PRMTS5 in the cytoplasm and high levels in the nucleus (n = 29);
and C—N-— group, cases that expressed low levels of PRMTS in both
the cytoplasm and nucleus (n = 50).

year survival rates = 100%), whereas high-grade cases
showed worst prognosis (the 5-year survival rates = 58.9%).
The 5-year survival rate of intermediate-grade cases was
87.9%.

Survival curves based on the PRMTS expression pattern
are shown in Fig. 4B. Cases that expressed high levels of
PRMTS5 in the cytoplasm (C+ group) had significantly
poorer survival rates than those that expressed low levels in
the cytoplasm (C— group) (P = .0089) (Fig. 4B). We also
compared prognoses among the aforementioned groups: the
C+ group, C+N— group, and C—N— group. The C+ group
had the worst prognosis, whereas the C—N+ group had a
slightly poorer prognosis than that of the C—N— group (P =
.1730) (Fig. 4B).
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4. Discussion

We here demonstrated the high cytoplasmic expression of
PRMTS5 in mesenchymal-like phenotype cell lines and that
high cytoplasmic PRMTS5 expression was closely related to
the high-grade subtypes of primary lung adenocarcinomas
with the loss of E-cadherin and other bronchial epithelial
markers (TTF-1, CK7, and MUC1) and a poor prognosis.

Shilo et al [24] recently reported a correlation between
cytoplasmic PRMTS and the histologic high grade in NSCLC,
except for lung adenocarcinoma. The frequency of cytoplas-
mic expression in adenocarcinomas was higher in our study
(36%) than in the study of Shilo et al [24] (8%). These
discrepancies have been attributed to differences in the
evaluation methods used because we set a high value for
predominant invasive lesions in histologic grading and the
evaluation of PRMTS5 expression (as shown in the Supple-
mentary methods). We considered our histologic grading of the
TMA cores to be accurate because the results obtained closely
correlated with patient prognosis, which was consistent with
the findings by Yoshizawa et al [23]. We speculated that the
cytoplasmic expression of PRMTS may contribute to a poor
prognosis by promoting high-grade transformation and EMT.
However, how cytosolic PRMTS induces EMT remains
unknown. PRMTS5 is known to methylate splice some proteins
SmDI, SmD3, and SmB/B’ in the cytoplasm, which are
involved in premessenger RNA splicing [25]. PRMTS may
affect the expression of some EMT-related genes when this
epigenetic cytoplasmic role is considered. EMT has also been
associated with the gain of stem cell properties [26], and
cytoplasmic PRMTS5 of embryonic stem cells is important to
maintain pluripotency through the methylation of cytosolic
histone H2A during mouse development [27]. This finding
also justifies the accumulation of PRMTS in the cytoplasm
during EMT. There was a slightly inverse correlation between
EGFR mutations and cytoplasmic PRMTS5 expression. We
speculated that this result will reflect the high frequency of
wild-type EGFR in lung tumors with EMT features [1].

The nuclear expression of PRMT5 was more frequent in
lower grade tumors. However, the nuclear PRMTS5-positive
cases among cytoplasmic PRMTS5-negative cases had a
slightly poorer prognosis than that of nuclear PRMTS5-
negative cases. Considering the absence of PRMTS5 expres-
sion in normal lung alveolar epithelia, the nuclear accumu-
lation of PRMTS may be an important first step in malignant
progression, and its localization may be changed from the
nucleus to the cytoplasm during EMT. Finally, we speculated
that epigenetic therapy aimed at inhibiting PRMTS may be a
possible new therapy to treat tumors with EMT features.

Supplementary data

Supplementary data to this article can be found online at
http://dx.doi.org/10.1016/j.humpath.2014.02.013.



