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EBV-infected Cells in lgG4-related Lymphadenopathy

with iatrogenic, congenital, or acquired immunodeficiency
can reveal an increased number of EBV-infected cells in the
lymph nodes.* EBV is also associated with various malig-
nant lymphomas and lymphoproliferative disorders.

Only 1 case of IgG4-related lymphadenopathy with
EBV-infected cells has been reported, and the relationship
between IgG4-related disease and EBV has not been fully
addressed.” Hence, we analyzed the association of EBV
and IgG4-related disease. Lymph node tissues from sub-
jects with various morphologic types of IgG4-related
lymphadenopathy were subjected to EBER in situ hy-
bridization (ISH) to examine the presence and local-
ization of EBER " cells. For comparison with extranodal
lesions, IgG4-related lacrimal gland disease, IgG4-related
submandibular gland disease, IgG4-related skin disease,
and IgG4-related pancreatitis were also examined. Non—
IgG4-related benign lymph node hyperplasia and lymph
nodes of AITL were also examined for comparison.

MATERIALS AND METHODS

Patients and Materials

Thirty-one Japanese patients with IgG4-related
lymphadenopathy, 9 with IgG4-related lacrimal gland
disease, 10 with IgG4-related submandibular disease, 2
with IgG4-related skin disease, 3 with IgG4-related pan-
creatitis, 22 with IgG4~ reactive lymphoid hyperplasia,
and 10 with AITL were included. All cases were retrieved
from the surgical pathology consultation files of the
Department of Pathology, Graduate School of Medicine,
Dentistry, and Pharmaceutical Sciences, Okayama
University in Okayama, Japan.

The diagnoses of IgG4-related disease were based
upon the consensus statement on the pathology of 1gG4-
related disease published in 2012.° The clinical records
and pathology materials of all IgG4-related diseases were
reviewed, and cases of multicentric Castleman disease,
malignant lymphoma, or other lymphoproliferative dis-
orders (including rheumatoid arthritis-related lympha-
denopathy and other immune-mediated conditions) were
excluded. The number of IgG4™ cells in the cases of
IgG4-related lymphadenopathy ranged from 122 to 477
per high-power field (HPF) (mean + SD, 250 + 102). The
ratio of IgG4™ /IgG™ cells was >0.4 in all cases. The
specimens of IgG4-related lymphadenopathy were re-
viewed by the authors Y.S. and M.T. and morphologi-
cally categorized into the following subtypes as previously
reported!’: Castleman disease-like morphology (type I);
reactive follicular hyperplasia (type II); interfollicular
expansion and increased immunoblasts (type III); PTGC-
type (type IV); and inflammatory pseudotumor-like
morphology (type V).

In sections of IgG4-related lacrimal gland disease,
1gG4-related submandibular gland disease, IgG4-related
skin disease, and IgG4-related pancreatitis, characteristic
morphologic features and increased IgG4" cells were
seen. Only in cases of IgG4-related skin diseases, the re-
quired numbers of IgG4" plasma cells were not seen;
however, in a previous study of IgG4-related skin disease,

© 2014 Lippincott Williams & Wilkins

we suggested that the cutoff of 200 IgG4 ™" plasma cells/
HPF appeared to be controversial.® Two patients with
IgG4-related lacrimal gland disease (cases Ex4 and Ex7)
were the same patients with IgG4-related lymphadenop-
athy listed in Table 1 (cases LN6 and LN25, respectively).
To examine whether increased numbers of EBV-
infected cells in benign lymph nodes was specifically
associated with IgG4-related disease rather than other
patient characteristics, EBER detection by ISH was also
performed on 22 lymph nodes with IgG4~ lymphoid
hyperplasia. The cases of reactive lymphoid hyperplasia
did not suggest Castleman disease or any other distinct
lymphoproliferative diseases and also did not meet the
histologic diagnostic criteria for IgG4-related disease.
To compare with type III IgG4-related lympha-
denopathy, immunostaining for IgG4 was performed
in 10 lymph nodes with AITL. Cases of AITL were
diagnosed on the basis of World Health Organization
(WHQ) Classification of Tumours of Haematopoietic and
Lymphoid Tissues (fourth edition).” All cases showed
typical histologic features including infiltration of small
to medium-sized T cells with clear cytoplasm and pro-
liferation of high endothelial venules. Many EBER* B
cells (from 23 to >1000/0.5cm? mean + SD 422 + 399)
were observed in 8 of 10 cases (80%), which is similar to
the percentage described in the WHO monograph (75%).°

Histologic Examination and
Immunohistochemistry

Surgically biopsied lymph node specimens were
fixed in 10% formaldehyde and embedded in paraffin.
Serial sections (4pum) were cut from each paraffin-em-
bedded tissue block, and stained with hematoxylin and
eosin. An automated Bond Max stainer (Leica Bio-
systems, Melbourne, Vic., Australia) was used for im-
munohistochemistry. The tissue sections were subjected
to standard heating or enzymatic pretreatment for anti-
gen retrieval. The following primary antibodies were
used: IgG (polyclonal; 1:20,000; Dako, Carpinteria, CA),
IgG4 (HP6025; 1:400; The Binding Site, Birmingham,
UK), FOXP3 (236A/E7; 1:100; Abcam, Cambridge, UK),
and latent membrane protein-1 (LMP-1) (CS1-CS4; 1:10;
Novocastra).

On the basis of the consensus statement on the
pathology of IgGd4-related disease,® 3 different HPFs
(eyepiece, x 10; lens, x 40) were examined to calculate the
average number of IgG4 " cells per HPF and the IgG4*/
IgG* cell ratio. FOXP3™ cells were also counted at 3
different HPFs with the highest density to calculate the
average numbers per HPF.

In Situ Hybridization

ISH of EBER was performed using an automated
Bond Max stainer (Leica Biosystems). Three representa-
tive fields per case were captured using a x4 objective
lens (covering 0.167cm?) to count EBER™ cells per
0.5cm?. Increased numbers of EBV™* cells was defined as
>10 EBER™ cells/0.5cm? ! EBER-ISH™ and LMP-1~
cases were classified into EBV latency type L.
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TABLE 1. Clinical Features of 31 Patients of IgG4-related Lymphadenopathy

IgG4 IgG 1gG4/IgG
No. Age[Sex Affected Lymph Nodes Extranodal Sites (mg/dL; nl = 4.8-105) (mg/dL) (%; nl = 3-6)
LN1 58/M Cervix, supraclavicle, axilla, 2010 3536 57
mediastinum, porta hepatis,
lesser omentum
LN2 74/M Cervix, para-aorta, parailiac artery Submandibular gland NA 4050 NA
LN3 59/M Cervix, supraclavicle, axilla, 1140 5257 22
mediastinum, inguen
LN4 64/F Left cervix, mediastinum 446 1989 22
LNS5 82/F Right auricular, supraclavicle Salivary gland 327 1094 30
LN6* 36/F Cervix, supraclavicle Lacrimal gland 561 1961 29
LN7 64/M Mediastinum, axilla Right lung 641 3134 20
LN8 77/M Systemic 1100 5800 19
LN9 78/M Mediastinum, axilla, inguen 1090 5174 21
LN10 82/M Cervix, inguen, para-aorta, Parotid gland, lacrimal gland 1050 3447 30
mediastinum
LN11 68/F Axilla, mediastinum, abdomen, 2120 5057 42
inguen
LN12 67/M Cervix, mediastinum, axilla, 583 2468 24
para-aorta
LN13 76/M Cervix, axilla, para-aorta, inguen 1040 3930 26
LN14 59/F Supraclavicle, mediastinum, Lacrimal gland, submandibular 1500 2524 59
abdomen, inguen gland
LN15 73/M Abdomen, inguen Kidney 505 1600 32
LN16 36/M Left submandibulla 110 551 20
LN17 69/M Right submandibulla 693 2315 30
LNI8 T1/M Left submandibulla, submentum 275 2144 13
LN19 50/M Bilateral submandibulla, cervix 183 2719 7
LN20 61/M Systemic Skin 1120 3025 37
LN21 51/F Right submandibulla Bilateral eyelid, parotid gland 223 NA NA
LN22 70/M Cervix Bilateral parotid gland, right 483 1190 41
submandibular gland, pancreas
LN23 67/M Left submandibulla Left submandibular gland 141 1543 9
LN24 67/M Submandibulla Right lung 389 1619 24
LN25} 68/M Bilateral submandibulla Bilateral lacrimal glands 1340 3090 43
LN26 63/M Left submandibulla Submandibular gland, kidney, 2240 3007 74
mediastinum, aorta
LN27 65M Right submandibulla, mediastinum  Bilateral lacrimal glands, 2550 6024 42
submandibular gland, parotid
gland, kidney
LN28 70M Lung 236 1466 16
LN29 SIF Right submandibulla Submandibular gland NA NA NA
LN30 76M Right submandibulla Lacrimal gland, skin NA NA NA
LN31 49M Left submandibulla, cervix Left submandibular gland NA NA NA

*The same patient had IgG4-related lacrimal gland disease listed in Table 4 (Ex4).
+The same patient had IgG4-related lacrimal gland disease listed in Table 4 (Ex7).
F indicates female; LN, lymph node; M, male; NA; not available; nl; normal.

Polymerase Chain Reaction for Immunoglobulin
Heavy Chain and T-cell Receptor y Chain

DNA was extracted from formalin-fixed and par-
affin-embedded tissues. T-cell receptor y chain (TCRG)
Vglf and Vgl0 primers (tube A) and TCRG Vg9 and
Vgll primers (tube B) were used for TCR gene re-
arrangement study, and each of the tubes (A and B) also
included 2 primers targeting the J segments (Jg1.1/2.1 and
Jg1.3/Jg2.3) as previously reported.!! Polymerase chain
reaction (PCR) for immunoglobulin heavy chain (IgH)
was also performed using consensus primers directed to
VH framework (FR) II of the IgH gene using BIOMED-2
primer sets as previously described.!! The products of
PCR reactions were subsequently analyzed by ABI
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PRISM 310 Genetic Analyzer and Gene Mapper software
version 3.7 (Applied Biosystems, CA).1?

Statistical Analysis

Differences between groups were determined by the
Student ¢ test and x> test with SPSS software (version
14.0; SPSS Inc., Chicago, IL). Values of P < 0.05 was
considered to be statistically significant.

RESULTS

IgG4-related Lymphadenopathy
The clinical and pathologic findings for 31 cases
of IgG4-related lymphadenopathy are summarized
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TABLE 2. Pathologic Features of 31 Patients of IgG4-related
Lymphadenopathy

Histologic ~EBER-ISH™ Distribution of
No. Subtype _ Cells (/0.5cm?) EBER™ Cells
LN1 Type 1 0
LN2 Type 1 48 Interfollicular/scattered
LN3 Type 1 27 Interfollicular/scattered
LN4 Type I 0
LN5 Type I1 3
LN6 Type 11 13 Interfollicular/scattered
LN7 Type 11 25 Interfollicular/scattered
LN8 Type 11 3
LN9 Type HI 0
LN10 Type 1T 0
LNI11 Type I 163 Interfollicular/scattered
LNI12 Type 111 > 1000 Diffuse
LN13 Type 111 > 1000 Diffuse
LNI14 Type III 133 Interfollicular/scattered
LNI1S Type 111 52 Interfollicular/scattered
LN16 Type IV 0
LN17 Type IV 1
LNI18 Type IV -0
LN19 Type IV 9
LN20 Type IV 10
LN21 Type IV 6
LN22 Type IV 6
LN23 Type IV 19 Interfollicular/scattered
LN24 Type IV 12 Interfollicular/scattered
LN25 Type IV 248 Intrafollicular/localized
LN26 Type IV 72 Interfollicular/scattered
LN27 Type IV 46 Interfollicular/scattered
LN28 Type IV 27 Interfollicular/scattered
LN29 Type IV 20 Interfollicular/scattered
LN30 Type IV 55 Interfollicular/scattered
LN31 Type IV 27 Interfollicular/scattered

in Tables 1 and 2. There were 24 men and 7 women.
The ages ranged from 36 to 82 years (mean + SD,
64.5 £ 11.6). No patient had a record of congenital,
iatrogenic, or acquired immunodeficiency. There was no
evidence of acute infection of EBV, and EBV serology

indicated past infection in all patients tested. Serum IgG4
levels were elevated in all 27 examined patients and
ranged from 110 to 2550 mg/dL (mean + SD, 869.0 +
695.3). Twenty-seven patients had systemic or multifocal
lymphadenopathy, whereas 4 cases of PTGC-type (type
IV) IgG4-related lymphadenopathy were localized in the
submandibular lymph nodes (cases LN16 to LN19).

Histologically, cases were classified into type [
(n=3), type II (n=4), type I (n = 8), and type IV
(n = 16) lymphadenopathy. The immunohistochemical
and ISH findings are summarized in Table 3. Im-
munohistochemistry revealed numerous IgG4"' cells
ranging from 122 to 477/HPF (mean + SD, 250 + 102),
and ratios of IgG4 " /IgG™ cells were >0.4 in all cases.
Greater than 10 EBER ™ cells/0.5 cm® were found in 18 of
31 cases (58%) with no significant differences in the rates
of positivity between the 4 subgroups (2/3 type I, 2/4 type
11, 5/8 type II1, 9/16 type IV). EBER latency was classified
into latency I in examined EBER™ cases (LN12 and
LN13). In 15 of 18 cases, scattered EBER* lymphocytes
were seen in interfollicular areas. Two type III cases
(cases LN12 and LNI13) had numerous diffusely dis-
tributed EBER ™ cells, with some in intrafollicular areas
as well (Fig. 1). EBER ™ cells included small lymphocytes
and immunoblasts, as is found in AITL.!3 EBER™* cells
were localized in germinal centers in 1 type IV case (case
LN25); this case also displayed epithelioid granuloma
(Fig. 2). All 9 patients with EBER ™ type IV IgG4-related
lymphadenopathy had systemic lymphadenopathy and/or
extranodal involvement. PCR studies for TCR and
IGH rearrangements did not demonstrate evidence of
clonal T or B cells in 5/5 tested cases (LNs 2, 11, 12, 13,
and 14).

Comparison Between EBER™ and EBER™ Cases

There were no differences in age between EBER ™ (51
to 76y; mean + SD, 64.0 & 10.2y) and EBER™ cases (36

TABLE 3. Summary of Clinicopathologic Features of IgG4-related Lymphadenopathy

Type I (n=3) Type II (n = 4) Type III (n = 8) Type IV (n = 16)
Age (y)
Mean = SD 63.6 £8.9 61.5+19 72.5+6.9 61.5+10.8
> 50y old (n [%]) 3 (100) 3(75) 8 (100) 13 (81)
> 60y old (n [%]) 133 3(75) 7 (88) 11 (69)
Sex (Male/Female) 3/0 1/3 6/2 14/2
The number of IgG4™ cells (/HPF)
Mean £ SD 345 + 116 155 £13.3 337 £ 473 198 + 81.6
1gG4 ™ [IgG™ plasma cell ratio (%)
Mean =+ SD 84.0 &+ 14.3 50.2 £+ 10.5 73.2 £ 12.7 725+ 154
Disease distribution (n [%])
Localized lymphadenopathy 0 (0) 0(0) 0(0) 4 (25)
Systemic lymphadenopathy 3 (100) 4 (100) 8 (100) 2(13)
With extranodal involvement 1(33) 3 (75) 3 (38) 12 (75)
EBER-ISH positivity 2 (75) 2 (50) 5(63) 9 (56)
Distribution (n [%])
Interfollicular/scattered 2 (100) 2 (100) 3 (60) 8 (88)
Intrafollicular/localized 0 (0) 0 (0) 0(0) 1(12)
Diffuse 0 (0) 0 (0) 2 (40) 0(0)
Age (n [%])
> 50y old 2 (100) 1 (50) 5 (100) 8 (88)
> 60y old 1 (50) 1(50) 4 (80) 707
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FIGURE 1. Histologic and immunohistochemical studies on type lll igG4-related lymphadenopathy (A-D, LN14; E-F, LN13).
A and B, Expanded interfollicular area reveals polymorphous population consisting of mature and immature plasma cells, eosi-
nophils, and numerous immunoblasts with small vesse! proliferation (A and B, H&E). C, igG4* plasma cells (C, 1gG4). D, Small to
large EBER-ISH™ cells (133/0.5cm?) in the interfollicular area (D, EBER-ISH). E, Expanded interfollicular areas of LN13 (E, H&E).
F, Diffuse infiltration of EBER™ cells (F, EBER-ISH). H&E indicates hematoxylin and eosin.

to 82y, mean =+ SD, 653+ 13.8y) of IgGé-related 3115 + 1468 mg/dL; n = 15) and EBER™ (mean + SD,
lymphadenopathy (P = 0.764). There was also no differ- 2748 + 1581 mg/dL; n = 12) cases (P = 0.539). There was
ence in serum IgG levels between EBER™ (mean + SD,  no significant difference in the numbers of FOXP3™ cells
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FIGURE 2. Histologic and immunohistochemical features of PTGC-type 1gG4-related lymphadenopathy (LN25). A, PTGC-like
germinal centers are observed (H&E). B, Epithelioid granuloma (H&E). C and D, Numerous IgG4* cells are localized in germinal
centers. 1gG4*/lgG™ cell ratio is >40% (C, lgG4; D, IgG). E and F, Many EBER-ISH™ cells localize in a PTGC-like germinal center
(E and F, EBER-ISH). G and H, IgG4-related lacrimal gland disease in the same patient (Ex7). G, Fibrosis and lymphoplasmacytic
infiltration (H&E). H, Increased EBER* lymphocytes (56/0.5 cm?) (EBER-ISH). H&E indicates hematoxylin and eosin.
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between EBER™ (mean + SD, 304 £ 134; n=11) and
EBER™ (mean + SD, 322 + 189; n = 8) cases (P = 0.809).

IgG4~ Reactive Lymphoid Hyperplasia
Clinicopathologic and demographic characteristics
of IgG4~ reactive lymphoid hyperplasia are listed
in Table 4. The age distribution was similar to that of the
patients with IgG4-related lymphadenopathy and ranged
from 50 to 85 years (mean == SD, 67.1 £ 12.0). There
were 18% of cases (4/22) with > 10 EBER ™ cells/0.5 cm?
(ranging from 35 to 395/0.5cm? mean =+ SD, 155 + 162),
a significantly lower proportion than was seen in cases of
IgG4-related lymphadenopathy (P = 0.002).

Extranodal IgG4-related Disease

The clinicopathologic findings for cases of extra-
nodal IgG4-related diseases are listed in Tables 5 and 6.
Greater than 10 EBER™ cells/0.5cm? were detected in
3 of 9 cases (33%) of IgG4-related lacrimal gland disease,
2 of 10 cases (20%) of IgG4-related submandibular gland
disease, 0 of 2 cases (0%) of IgG4-related skin disease,
and 0 of 3 cases of IgG4-related pancreatitis (Fig. 3).
Although cases Ex4 and Ex7 had EBER ™ lymph nodes,
only case Ex7 had EBV positivity in the lacrimal gland
(Fig. 2G, H). In total, >10 EBER™ cells/0.5cm? were
detected in 5 of 24 (21%) extranodal IgG4-related biop-
sies, which was significantly less frequent than IgG4-
related lymphadenopathy (P = 0.006).

IgG4™ Cells in AITL

Seven cases showed few [gG4™ cells (0 to 5/HPF).
Three cases revealed scattered IgG4™ cells (19, 24, and
47/HPF, respectively); none was in the range of the cases

TABLE 4. Clinicopathologic Features of IgG4 ™~ Reactive
Lymphoid Hyperplasia

Affected EBER-ISH*
No. Age/Sex Lymph Nodes Cells (/0.5cm?)
RLHI 84/F Cervix 103
RLH2 69/M Para-aorta 0
RLH3 79/M Axilla 0
RLH4 18/F Inguen 6
RLHS5 79/F Mediastinum 0
RLH6 69/F Inguen 0
RLH7 63/F Cervix 0
RLHS8 51/F Inguen 5
RLH9 56/F Cervix 0
RLHI0 50/M Cervix 395
RLHI11 52/M Cervix 8
RLHI12 80/M Inguen 2
RLH13 78/M Cervix 1
RLHI14 85/F Axilla 4
RLHI1S5 59/M Inguen 7
RLH16 72/M Cervix 0
RLH17 62/M Inguen 35
RLH18 55/F Abdomen 0
RLHI19 SS/F Axilla 0
RLH20 67/F Axilla 90
RLH21 S3/F Axilla 4
RLH22 82/M Cervix 0

F indicates female; M, male; RLH, reactive lymphoid hyperplasia.
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with nodal IgG4-related disease. In addition, overall,
there were significantly fewer IgG4™ cells present com-
pared with type III IgG4-related lymphadenopathy
(mean + SD, 10.6 + 15.3 compared with 337 + 47.3)
(P <0.001).

DISCUSSION

Very limited previous reports have indicated a
possible relationship between IgG4-related disease and
EBV. Acute EBV mononucleosis has been reported to be
associated with a transient 75% increase in mean serum
IgG4 levels.!* A case of EBV-related lymphadenopathy
has been reported that mimicked the clinical features of
IgG4-related disease, with an elevated serum IgG4 level
but without many IgG4™ cells in the biopsied lymph
nodes.’> EBV™ classical Hodgkin lymphoma was found
in a patient with IgG4-related cervical fibrosis.!® An
EBV" inflammatory pseudotumor-like follicular den-
dritic cell sarcoma was also reported to have numerous
IgG4™ cells.!” The authors discussed a relationship
between EBV-related immune dysfunction and the
proliferation of IgG4* cells. Although these reports
mentioned some relationship between EBV and increase
of IgG4, EBYV infection in IgG4-related disease has not
been examined except for a single case report.® Hence,
this study investigated the relationship between EBV and
IgG4-related disease. Increased EBV-infected cells were
found in 18 of 31 lymph nodes (58%) with IgG4-related
lymphadenopathy. This proportion was significantly
higher than that of reactive lymphoid hyperplasia in
similarly aged group, which confirmed the clear rela-
tionship between IgG4-related lymphadenopathy and
EBV. As most Japanese are infected by EBV in child-
hood, and new onset infection in adulthood is very rare,
the increased numbers of EBV™ cells was considered to
most likely represent EBV reactivation rather than acute
infection.

Type III IgG4-related lymphadenopathy has dis-
tinct histologic features, including interfollicular lym-
phoplasmacytic infiltration, angiogenesis, and many
immunoblasts, which mimic AITL.! In this study, only a
few scattered IgG4 ™ cells were detected in AITL, which
indicated that IgG4™ cell proliferation was not simply
induced by EBV reactivation or dysfunction of helper T
cells. There is a possibility that both IgG4-related disease
and EBV reactivation are induced by other factors.

Type IV cases are usually localized in sub-
mandibular lymph nodes, although approximately 50%
of cases have extranodal involvement. Less than 10%
develop systemic lymphadenopathy.? In contrast, in this
study, all the patients with type IV IgG4-related lym-
phadenopathy with EBV reactivation developed systemic
lymphadenopathy and/or extranodal involvement. The
lymph node in 1 EBV™ type IV case had epithelioid
granulomas, which was similar to a previously reported
case of EBV™ IgG4-related lymphadenopathy.® Cases of
IgG4-related lymphadenopathy with epithelioid gran-
ulomas have been reported sporadically.!® Of interest,
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TABLE 5. Clinicopathologic Features of Extranodal IgG4-related Diseases

Average IgG4™ Cells

EBER-ISH™* Cells

No. Age/[Sex Affected Organs (/HPF) (/0.5 cm®) Other Lesions
Exl 56/F Lacrimal gland 111 1

Ex2 60/F Lacrimal gland 282 1

Ex3 49/M Lacrimal gland 377 9

Ex4* 36/F Lacrimal gland 239 2 Cervical lymph node
ExS 61/M Lacrimal gland 373 0

Ex6 39/F Lacrimal gland 301 0

Ex7t 68/M Lacrimal gland 204 56 Submandibular lymph node
Ex8 67/F Lacrimai gland 177 175

Ex9 72/M Lacrimal gland 231 542

Ex10 57/F Submandibular gland 109 0

Exl1 57/F Submandibular gland 144 0 Parotid gland

Ex12 59/M Submandibular gland 190 1

Ex13 61/M Submandibular gland 216 5

Ex14 69/M Submandibular gland 435 7

Ex15 76/M Submandibular gland 160 3

Ex16 66/F Submandibular gland 404 2

Ex17 59/F Submandibular gland 264 0

Ex18 69/M Submandibular gland 307 66

Ex19 67/M Submandibular gland 224 157

Ex20 65/M Skin 189 0

Ex21 63/F Skin 46 0 Parotid gland

Ex22 69/M Pancreas 195 0

Ex23 61/M Pancreas 437 0

Ex24 64/M Pancreas 76 0

*The same patient had IgG4-related lymphadenopathy listed in Table 1 (LN6).

1The same patient had 1gG4-related lymphadenopathy listed in Table 1 (LN25).

Ex indicates extranodal; F, female; M, male.

EBER™ cells were localized in germinal centers in this
type IV case with epithelioid granuloma. There are re-
ports of EBV " nonendemic Burkitt lymphoma associated
with epithelioid granulomas.!®2% The significance of this
finding is still unclear.

EBV-infected cells are usually observed and studied
in the lymph nodes, where the virus is known to remain in
the dormant stage for many years.!0 In this study, in-
creased numbers of EBER " cells were significantly more
frequently observed in IgG4-related lymphadenopathy
than in extranodal IgG4-related disease. The proportion
of EBV" cases was similar between extranodal IgG4-re-
lated disease and non-IgG4-related reactive lymphoid
hyperplasia (P = 0.559). Increased numbers of EBV-in-
fected cells may be observed more frequently in lymph
nodes than in other sites. Lacrimal glands and salivary
glands seemed to have increased numbers of EBV-in-
fected cells more frequently than other extranodal sites;
however, the number of extranodal samples was too small
for a meaningful statistical analysis.

Although our study clearly suggested a relationship
between IgG4-related disease and EBV, the precise mech-
anism remains unclear. Whether IgG4-related disease
directly or indirectly induces expansion of EBV-infected

cells, possibly related to EBV reactivation, or is secondary
to EBV infection is unknown. As mentioned above, acute
EBYV infection can lead to an increase in the serum IgG4
level. However, in other situations like AITL, EBV-in-
fected cells do not lead to increased numbers of IgG4™
cells, suggesting that IgG4 lymphadenopathy is not the
direct effect of EBV infection and that the increased
number of EBV™ cells, present in only a subset of cases, is
somehow related to the IgG4 disease.

Because of concern as to whether the expansion of
EBV-infected cells in many cases of IgG4-related lym-
phadenopathy could simply reflect an age-related phe-
nomenon, a group of non-IgG4-related reactive lymph
nodes were studied for comparison purposes. This patient
cohort did not show a difference in age from the patients
with IgG4-related disease but had significantly fewer
cases with increased EBV-infected cells. In addition, there
was no significant difference in age distribution between
EBER ™ and EBER ™ IgG4-related disease cases. There-
fore, age does not seem to be a factor in the association of
IgG4-related nodal disease with increased numbers of
EBV-infected cells.

Upregulation of Treg and helper T-cell (Th2)
activity has been reported in tissues with IgG4-related

TABLE 6. Summary of Clinicopathologic Features of IgG4-related Diseases

Lymph Node (n = 31) Lacrimal Gland (n =9) Submandibular Gland (n = 10) Skin (n = 2)

Pancreas (n = 3)

Age (y) 64.5 + 11.6 564 + 12.7
Sex M:F = 24.7 M:F = 4:5
EBER ™ cases (n [%]) 18 (58) 3(33)

64.0 £ 6.0 64.0 + 1.4 64.6 = 4.0
M:F = 6:4 M:F = I:] M:F = 3:0
2 (20) 0 (0) 0 (0)
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FIGURE 3. Analysis of extranodal IgG4-related disease: lgG4-related submandibular gland disease (Ex19). A, Lymphoplasmacytic
infiltration and dense fibrosis. Salivary gland ducts remain intact (H&E). B, Numerous IgG4™ cells (IgG4). C, Increased EBER* cells
(157/0.5 cm?) (EBER-ISH). D-F, IgG4-related lacrimal gland disease (Ex9). D, Infiltration of small lymphocytes and plasma cells
(H&E). E, Significant 1gG4* cells (IgG4). F, Increased EBER* cells (542/0.5 cm?) (EBER-ISH). H&E indicates hematoxylin and eosin.

disease.> Although the precise mechanism of immune
suppression by Treg is not fully understood, secretion of
interleukin-10 and transforming growth factor Bl seems
to be involved.?! Although the relationship between Treg
and EBV has not been fully investigated, upregulation of
Treg activity might contribute to a disruption of immune
balance. However, in our study, the number of FOXP3™
Tregs was similar between EBER* and EBER ™ groups.
Further study is required to understand the relationship
between [gG4-related disease and EBV.

In conclusion, increased numbers of EBV-infected
cells are frequently found in IgG4-related lymphadeno-
pathy, including in the type III cases with many immuno-
blasts that can morphologically mimic AITL, and is not

954 | www.ajsp.com

related to patient age. Distinction from AITL, however,
was not difficult, in part because AITL never had suffi-
cient IgG4 positivity to fulfill the criteria for IgG4-related
lymphadenopathy. IgG4-related disease with increased
numbers of EBER™ cells may have some clinical im-
plications as, in contrast to usual expectation, all the
patients with EBV™ type IV IgG4-related lymphaden-
opathy developed systemic lymphadenopathy and/or
extranodal involvement. Finally, particularly given
that IgG4-related lymphadenopathy often occurs in
individuals over 50 years of age, it is important to rec-
ognize that it must be included in the differential diag-
nosis of EBV" lymphoproliferative disorders, including
EBV™ diffuse large B-cell lymphoma of the elderly.

© 2014 Lippincott Williams & Wilkins
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< holangiocarcinoma is associated with poor prognosis and

Patients with extrahepatic cholangiocarcinoma (EHCC) have a poor prognosis;
postoperative survival depends on cancer progression and therapeutic resistance.
The mechanism of EHCC progression needs to be darified to identify ways to
improve disease prognosis. Stathmin1 (STMN1) is a major cytosolic phosphopro-
tein that regulates microtubule dynamics and is associated with malignant
phenotypes and chemoresistance in various cancers. Recently, STMN1 was
reported to interact with p27, an inhibitor of cyclin-dependent kinase complexes.
Eighty EHCC cases were studied using immunohistochemistry and clinical pathol-
ogy to determine the correlation between STMN1 and p27 expression; RNA inter-
ference to analyze the function of STMN1 in an EHCC cell line was also used.
Cytoplasmic STMN1 expression correlated with venous invasion (P = 0.0021) and
nuclear p27 underexpression (P = 0.0011). Patients in the high-STMN1-expression
group were associated with shorter recurrence-free survival and overall survival
than those in the low-expression group. An in vitro protein-binding assay
revealed that cytoplasmic STMN1 bound to p27 in the cytoplasm, but not in the
nucleus of EHCC cells. Moreover, p27 accumulated in EHCC cells after STMN1 sup-
pression. STMN1 knockdown inhibited proliferation and increased the sensitivity
of EHCC cells to paclitaxel. STMN1 contributes to a poor prognosis and cancer
progression in EHCC patients. Understanding the regulation of p27 by STMN1
could provide new insights for overcoming therapeutic resistance in EHCC.

expression in EHCC has not been reported; therefore, we

its incidence and mortality are increasing worldwide.!"”  explored the role of STMN1 in EHCC.

. - . . . . (2)
The 5-year survival rate for cholangiocarcinoma is 10-40%.

STMNI regulates microtubule 1lletz§b8<)l'131n and contributes to

Cholangiocarcinoma is defined as intrahepatic or extrahepatic
(EHCC), the latter of which consists of hilar or bile duct
tumors. Surgical therapy is the only effective curative treat-
ment for EHCC; postoperative survival is dependent on the
existence of invasion and metastasis.** Therefore, to improve
patient prognoses, we must understand the mechanism of can-
cer progression in EHCC.

Stathminl (STMNI) is a major cytosolic phosphoprotein that
regulates microtubule dynamics by preventing tubulin poly-
merization and promoting microtubule destabilization. STMNI
plays an important role in a variety of biological processes,
including carcinogenesis. STMNI is highly expressed in vari-
ous types of human malignancies and is therefore also known
as oncoprotein 18 (OP18). Moreover, STMNI1 expression cor-
relates with tumor progression and poor prognosis in the fol-
lowing cancers: breast cancer,” prostate cancer,™® gastric
cancer,®'? hepatocellular carcinoma,(”'m oral squamous cell
carcinoma,”’® colorectal cancer,”"*'® malignant mesotheli-
oma''® and urothelial carcinoma.'” Thus, STMNI is a funda-
mental cancer-associated gene and a potential target for
diagnosis and treatment. To our knowledge, STMNI

Cancer Sci | June 2014 | vol. 105 | no.6 | 690-696

tumor progression. Baldassarre ef al™™ reported that STMNI1
bound to p27 suppressed the function of p27 and enhanced the
proliferation of tumor cells. p27 was discovered as an inhibitor
of cyclin-dependent kinase (CDK) complexes in TGF (trans-
forming growth factor) B-arrested cells and was classified as a
member of the Cip/Kip family of cyclin-dependent kinase
inhibitors (CKI)."”” The CKI associate with a broad spectrum
of cyclin~-CDK complexes to negatively regulate progression
through the G! phase of the cell cycle. More recently, cyto-
plasmic p27 was shown to play a role in the regulation of cell
migration.®” However, there are still few reports that discuss
the relationship of STMN! and p27 in malignancy, including
EHCC. Therefore, we examined the relationship between
STMN1 and p27 in EHCC.

The purpose of the present study was to clarify the function
of STMNI in EHCC cell lines in vitro, determine the clinical
significance of STMNI in primary EHCC and evaluate the
relationship between STMNI and p27. To this end, we per-
formed immunohistochemistry to evaluate the relationships
between STMN1, p27 and clinicopathological factors in clini-
cal EHCC samples. We also examined the in vitro effects of

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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siRNA-mediated STMNI suppression on the proliferation, che-
motherapeutic sensitivity and p27 expression in human EHCC
cell lines.

Material and Methods

Patients and samples. Imunohistochemistry was performed on
80 EHCC patients who had undergone curative surgery in our
department between 1995 and 2011. Patients ranged in age from
43 to 94 years. Tumor stage was classified according to the
seventh tumor-node—metastasis (TNM) classification of the Union
for International Cancer Control (UICC).m) Forty-four (53%)
patients received adjuvant therapy following chemotherapy: 11
received UFT (tegafur-uracil; Taiho Pharmaceutical, Tokyo,
Japan); nine received Gemcitabine (Eli Lilly and Company, India-
napolis, IN, USA); 21 received S-1 (TS-1; Taiho Pharmaceutical);
and three received Gemcitabine+S-1. All patients provided written
informed consent, as per institutional guidelines.

Immunohistochemical staining. A 4-pum section was cut from
paraffin blocks of EHCC samples. Each section was mounted
on a silane-coated glass slide, deparaffinized and soaked for
30 min at room temperature in 0.3% H,0O,/methanol to block
endogenous peroxidases. The sections were then heated in
boiled water and Immunosaver (Nishin EM, Tokyo, Japan) at
98°C for 45 min. Non-specific binding sites were blocked by
incubating with Protein Block Serum-Free (DAKO, Carpin-
teria, CA, USA) for 30 min. A mouse monoclonal anti-
STMN1 (OP18) antibody (Santa Cruz Biotechnology, Santa
Cruz, CA, USA) and a mouse monoclonal anti-p27 antibody
(Santa Cruz Biotechnology) were applied at a dilution of
1:100 for 24 h at 4°C. The primary antibody was visualized
using the Histofine Simple Stain PO (M) Kit (Nichirei, Tokyo,
Japan) according to the instruction manual. The chromogen
3,3¢-diaminobenzidine tetrahydrochloride was applied as a
0.02% solution containing 0.005% H,0, in 50 mM ammonium
acetate-citrate acid buffer (pH 6.0). The sections were lightly
counterstained with Mayer’s hematoxylin and mounted. Nega-
tive controls were established by omitting the primary antibody
and no detectable staining was evident. We previously con-
firmed that esophageal carcinomas express STMNI1 and p27;
therefore, esophageal carcinomas were used as a positive con-
trol (Figs S1--S3).

Immunohistostaining resuits were evaluated as described by
Altan e al.®® The intensity of cytoplasmic STMNI, nuclear
p27 and cytoplasmic p27 staining was scored as follows: 0, no
staining; [+, weak staining; 2+, moderate staining; and 3+,
strong staining relative to the positive control (Figs S1-S3).
The percentage of nuclear-stained cells was calculated by
examining at least 1000 cancer cells in five .representative
areas. Cytoplasmic STMNI, nuclear p27 and cytoplasmic p27
were scored as follows: 0, no staining; I+, 1-10%; 2+, 11—
50%; and 3+, 51-100%. The score was defined as the percent-
age score multiplied by the intensity score according to the cri-
teria presented in Table S1 (0, 1+, 2+, 3+, 4+, 6+ and 9+).
The optimal cut-off point was defined as follows: grades O, 1,
2, 3 and 4 were considered low expression, while grades 6 and
9 were designated as high expression. All samples were evalu-
ated by two observers (AW, TY). The Ki-67 labeling index
was used to calculate the percentage of cells with high nuclear
expression cells in approximately 1000 cells per sample.®®

Cell culture. The human EHCC cell line HuCCT-1 was used
in the present study. All cells were obtained from RIKEN
BRC through the National Bio-Resource Project of MEXT,
Tokyo, Japan. The cells were cultured in RPMI 1640 medium
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(Wako, Osaka, Japan) supplemented with 10% FBS and [%
penicillin-streptomycin (Invitrogen, Carlsbad, CA, USA).

siRNA  transfection. STMN1-specific  siRNA  (Silencer
Pre-designed siRNA) was purchased from Bonac Corporation
(Fukuoka, Japan). HuCCT-1 cells were seeded in six-well,
flat-bottom microtiter plates at a density of 1 x 10° cells per
well in a volume of 2 mL and incubated in a humidified
atmosphere (37°C and 5% CO,). After incubation, 500 pL of
Opti-MEM I Reduced Serum Medium (Invitrogen), 5 pL Lipo-
fectamine RNAi MAX (Invitrogen) and 5 uL STMNI-specific
siRNA (50 nM final concentration in each well) were mixed
and incubated for 20 min to form chelate bonds. The siRNA
reagents were then added to the cells. The experiments were
performed after 24-96 h of incubation.

Proximity ligation assay (PLA). HuCCT1 cells were seeded and
incubated on Chamber Slides (Lab-Tek II, Thermo Scientific,
‘Waltham, MA, USA) for 24 h. The cells were fixed with 4% para-
formaldehyde for 30 min and 100% methanol for 10 min. The
slides were then blocked in 4% bovine serum albumin (Millipore,
Biillerica, MA, USA) for 30 min and incubated for 48 h at 4°C
with the appropriate combinations of mouse, rabbit and goat anti-
bodies diluted 1:100 (STMN1 rabbit antibody; Cell Signaling
Technology, Danvers, MA, USA; and p27 mouse antibody; Santa
Cruz Biotechnology) in antibody dilution solution (Olink Biosci-~
ence, Uppsala, Sweden). After washing, the slides were incubated
with Duolink PLA Rabbit MINUS and PLA Mouse PLUS prox-
imity probes (Olink Bioscience) and a proximity ligation was per-
formed using the Duolink Detection Reagent Kit (Olink
Bioscience) according to the manufacturer’s protocol. Nuclei
were stained with Duolink In Situ Mounting Medium with DAPI
(Olink Bioscience). Images were acquired with an All-in-one Flu-
orescence Microscope (Keyence Corporation, Osaka, Japan).

Protein extraction and western blot analysis. Transfected cells
were incubated for 96 h. Total protein was extracted using the
PRO-PREP Protein Extraction Solution Kit (iNtRON Biotech-
nology, Sungnam, Kyungki-Do, Korea) and nuclear protein
was extracted with the NE-PER Nuclear and Cytoplasmic
Extraction Kit (Thermo Scientific, Kanagawa, Japan). The pro-
teins were separated on 4-12% Bis-Tris Mini Gels (Life Tech-
nologies Corporation, Carlsbad, CA, USA) and transferred to
membranes using an iBlot Dry Blotting System (Life Technol-
ogies Corporation). The membranes were incubated overnight
at 4°C with mouse monoclonal antibodies against STMNI
(1:1000; Santa Cruz Biotechnology), p27 (1:1000; Santa Cruz
Biotechnology), B-actin (1:1000; Sigma, St Louis, MO, USA)
and Histone HI (1:1000; Santa Cruz Biotechnology). The
membranes were then treated with horseradish peroxidase-con-
jugated anti-mouse secondary antibodies and the proteins were
detected with the ECL Prime Western Blotting Detection Sys-
tem (GE Healthcare, Tokyo, Japan).

Proliferation assay. Cell proliferation was measured with the
Cell Counting Kit-8 (Dojindo Laboratories, Kumamoto, Japan).
At 48 h after transfection, the HuCCT1 cells were plated (approx-
imately 5000 cells per well) in 96-well plates in 100 pL of med-
ium containing 10% FBS. Evaluations were performed at the
following time points: 0, 24, 48, 72 and 96 h. To determine cell
viability, 10 pL of cell counting solution was added to each well
and incubated at 37°C for 2 h. Next, the absorbance of each well
was detected at 450 nm using a xMark Microplate Absorbance
Spectrophotometer (Bio Rad, Hercules, CA, USA).

Paclitaxel assay. A water-soluble tetrazolium (WST)-8 test
and the Cell Counting Kit-8 (Dojindo Laboratories) were used
to evaluate paclitaxel sensitivity. At 48 h after transfection,
HuCCT1 cells were seeded (10 000 cells/well) into 96-well

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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plates in 100 pL medium containing 10% FBS prior to drug
exposure. After 24 h pre-incubation the cells were treated with
various concentrations of paclitaxel for 48 h. Then, 10 pL
WST-8 reagent was added and the cells were incubated for an
additional 2 h at 37°C. Viability was determined using color-
imetry by absorbance at 450 nm (xMark Microplate Absor-
bance Spectrophotometer).

Statistical analysis. Data for the continuous variables are
expressed as the mean = SEM. Significance was determined
using Student’s r-tests and anova. Statistical analysis of the
immunohistochemical staining data was performed using the
chi-squared test. Survival curves were calculated using the
Kaplan-Meier method and analyzed with the log-rank test.
Prognostic factors were examined by univariate and multivari-
ate analyses using a Cox proportional hazards model. All dif-
ferences were deemed significant at P < 0.05 and all statistical
analyses were performed with smp software, version 5.01 (SAS
Institute Inc., Cary, NC, USA).

Results

Immunohistochemical staining of STMN1 and p27 in EHCC
tissues. STMNI1 expression was evaluated using immunohisto-
chemistry in 80 BEHCC samples. Thirty-three samples (41.2%)
were negative for STMNI1 expression (Fig. la) and 47 samples
(58.8%) were positive for cytoplasmic STMNI expression
(Fig. 1b). Nuclear p27 expression was also evaluated in these
samples. Twenty-five (31.2%) samples were positive for p27
expression (Fig. Ic) and 55 samples (68.8%) were negative
(Fig. 1d). High STMNI1 expression was associated with low p27
nuclear expression (P = 0.0011; Table 1). Cytoplasmic p27
expression was evaluated in the same EHCC samples; 43 (54.4%)
samples demonstrated high cytoplasmic staining for p27 expres-
sion (Fig. 1d), whereas 36 (45.6%) samples exhibited low p27
expression (Fig. 1c). High STMNI expression was associated
with high p27 cytoplasmic expression (P = 0.0063; Table 1).

STMIN1 expression correlates with venous invasion and Ki-67
labeling index in EHCC tissues. The correlations between

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

www.wileyonlinelibrary.com/journal/cas

STMNI expression and clinicopathological findings are shown
in Table 1. We considered the following factors: patient age,
patient gender, tumor stage, lymph node metastasis, lymphatic
invasion, venous invasion, nerve invasion, infiltrating type and
TNM stage (UICC 7th).®V The results showed a correlation
between high STMNI expression and venous invasion
(P =0.0021). We also examined the association between
STMNI1 expression and the Ki-67 labeling index to evaluate
proliferation. High-STMNI1-expressing patients had a signifi-
cantly higher Ki-67 labeling index in comparison to low-
STMNI-expressing patients (P < 0.0001).

Prognostic significance of STMN1 expression in EHCC. The
prognostic significance of STMN1 expression on postoperative
recurrence-free  survival (RFS) and cancer-specific survival
(CSS) is shown in Figure 2. The STMNI-positive group had sig-
nificantly poorer prognoses than the STMNl-negative group,
regarding both RES (P = 0.0222) and CSS (P = 0.0061). For
CSS, STMNI expression was prognostic for poor survival in the
univariate analysis (Table 2; P = 0.0044). Multivariate analysis
also showed STMN| expression is prognostic for poor survival
(Table 2; P = 0.0165). Interestingly, other existing clinicopatho-
logical factors were not significantly and independently associ-
ated with shorter CSS, whereas STMNI expression in EHCC
remained more significant than the presence of lymph node
metastasis (Table 2; hazard ratio {[HR], 1.696; 95% confidence
interval [CI], 1.10-2.76).

STMN1 and p27 cross-interact in cultured EHCC cells. To exam-
ine the protein complexes of STMN! and p27 in HuCCTI
cells, we performed PLA, which revealed the complexes as red
spots in the cytoplasm (Fig. 3a). Thus, STMNI interacts with
p27 in the cytoplasm, but not in the nucleus, of EHCC cells.

siRNA-mediated STMN1 suppression and p27 expression in
HuCCT-1 cells. Two siRNA complexes were used to knock
down STMNI expression in HuCCT-1 cells. Suppression of
STMNI by siRNAI and siRNA2 was demonstrated using wes-
tern blotting 96 h after transfection (Fig. 3b). Next, we exam-
ined the effect of STMNI! knockdown on p27 expression.
STMNI depletion induced total p27 protein expression and

Fig. 1. Immunochistochemical staining of
stathmin1 (STMN1) and p27 in primary extrahepatic
cholangiocarcinoma (EHCC) samples. (a) Low STMN1
expression in a primary EHCC specimen (original
magnification, x400). (b) High STMN1 expression in
a primary EHCC specimen (original magnification,
%x400). () High nuclear p27 expression and low
cytoplasmic p27 expression in a primary EHCC
specimen (original magnification, x400). (d) Low
nuclear p27 expression and high cytoplasmic p27
expression in a primary EHCC specimen (original
magnification, x400). Figures a, ¢ and b, d show
images from the same cases.

Cancer Sci | June 2094 | vol. 105 | no.6 } 692
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Table 1. Clinicopathological characteristics of extrahepatic cholangio-
carcinoma patients according to stathmin expression
STMN1 fow STMNT high
Factor expression expression P-value
(n = 33) (n=47)

Age (years)
<65 13 18 0.9211
>65 20 29

Sex
Male 23 35 0.6389
Female 10 12

Differentiation
Well 9 9 0.2563
Moderate 15 26
Poor 8 14

Tumor stage
T1-2 20 19 0.0745
T3-4 13 28

Lymph node metastasis
- 19 27 0.9908
+ 14 20

Lymphatic invasion
- 7 4 0.1070
+ 26 43

Venous invasion
- 12 4 0.002*
+ 21 43

Distant metastasis
- 32 45 0.7740
+ 1 2

Infiltration
o 0 2 0.1179
B 17 31
v 15 14

TNM stage (UICC)
0,1 11 1 0.3297
I, ti, v 22 36

Nuclear p27
High expression 17 8 0.001*
Low expression 16 33

Cytoplasmic p27
High expression 12 31 0.006*
Low expression 21 15

Ki-67 labeling 9.28 + 13.5 62.1 + 319 <0.0001*

index {(mean + SD)

*P < 0.05. STMNT1, stathmin1; TNM, tumor-node-metastasis; UICC,
Union for International Cancer Control.

also had a tendency to increase nuclear p27 expression
(Fig. 3b).

Suppression of STMN1 reduces proliferation and sensitizes
EHCC cells to paclitaxel. We assessed the relationship between
EHCC proliferation and STMNI expression. WST assays
revealed that the proliferation of STMN1-knockdown cells was
significantly lower than in the parent and negative-control cells
(P < 0.01; Fig. 3c). STMN1-knockdown cells were also signif-
icantly more sensitive to paclitaxel than the control cells
(P < 0.01; Fig. 3d).

Immunohistochemical staining of STMN1 and p27 in EHCC tis-
sues. STMNI expression was evaluated using immunohisto-
chemistry in 80 EHCC samples. Overall, 33 (41.2%) EHCC
samples were negative for STMNI1 expression (Fig. la),

whereas 47 (58.8%) samples exhibited positive cytoplasmic .
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staining for STMN! expression (Fig. 1b). Nuclear p27 expres-
sion was also evaluated in the 80 EHCC samples. Twenty-five
(31.2%) samples demonstrated positive nucleic staining for
p27 expression (Fig. 1c), whereas 55 (68.8%) samples were
negative for p27 expression (Fig. Id). Moreover, the samples
exhibiting high STMNI expression were associated with low
p27 nuclear expression (P = 0.0011; Table 1). In addition, p27
expression was also evaluated on each EHCC samples, 43
(54.4%) samples demonstrated high cytoplasmic staining for
p27 expression (Fig. 1d), whereas 36 (45.6%) samples were
low staining for p27 expression (Fig. 1c). The samples exhibit-
ing high STMNI expression were also associated with high
p27 cytoplasmic expression (P = 0.0063; Table ).

STMN1 expression correlates with venous invasion and Ki-67
labeling index in EHCC tissues. The correlations between
STMNI expression and clinicopathological findings are dis-
played in Table 1. Regarding the clinicopathological findings,
we considered the following factors: patient age, patient gen-
der, tumor stage, lymph node metastasis, lymphatic invasion,
venous invasion, nerve invasion, infiltrating type and TNM
stage (UICC 7th). The results revealed that STMNI-high
expression was correlated with venous invasion (P = 0.0021).
In addition, we examined the association between STMNI
expression and the Ki-67 labeling index to evaluate prolifera-
tion ability. The STMN1-high-expression patients had a signifi-
cantly higher Ki-67 labeling index than the low-expression
patients (P < 0.0001).

Prognostic significance of STMN1 expression in EHCC. The
prognostic significance of STMN1 expression on postoperative
RFS and CSS rates are displayed in Figure 2. The STMNI1-
positive group had significantly poorer prognoses than the
STMN -negative group, regarding both RFS (P = 0.0222) and
CSS (P = 0.0061). For CSS, STMNI expression was a prog-
nostic factor for poor survival in the univariate analysis
(Table 2; P = 0.0044). In the multivariate analysis, STMNI
expression was also a prognostic factor for poor survival
(Table 2; P = 0.0165). Interestingly, other existing clinicopath-
ological factors were not significantly and independently asso-
ciated with shorter CSS, whereas the detection of STMNI
expression in EHCC remained prognostically more significant
than the presence of lymph node metastasis with regard to
CSS (Table 2; HR, 1.696; 95% CI, 1.10-2.76).

STMN1 and p27 cross-interactinn EHCC cells in vitro. To exam-
ine the protein complexes formed between STMN1 and p27 in
HuCCT1 cells, we performed PLA. As a result, the formations
of STMNI! and p27 complexes were detected in the cytoplasm
as red spots (Fig. 3a). This result demonstrates that STMNI
interacts with p27 in the cytoplasm, but not in the nucleus, of
EHCC cells.

Effect of siRNA-mediated STMN1 suppression on p27 expres-
sion in HuCCT-1 cells. Two siRNA complexes were used to
knockdown STMNI expression in the HuCCT-1 cells. The sup-
pression of STMN1 by siRNAI and siRNA2 was demonstrated
using western blotting 96 h after transfection (Fig. 3b). Next,
we examined the effect of STMNI knockdown on p27 expres-
sion. The depletion of STMNI1 increased p27 expression on
total protein and also had a tendency to increase nuclear p27
expression (Fig. 3b).

Suppression of STMN1 reduces proliferation and sensitizes
EHCC cells to paclitaxel. We assessed the relationship between
the proliferative ability of EHCC cells and STMN1 expres-
sion. The cellular proliferation ability was evaluated using the
WST assay, which revealed that the proliferation of STMNI-
knockdown cells significantly diminished compared with the

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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Fig. 2. Relationship between postoperative
survival and stathmin1 (STMN1) expression. Kaplan-
Meier curves of the low-STMN1-expression and
high-STMN1-expression groups are shown. (a) High
STMN1 expression indicated a poor prognosis for
recurrence-free  survival (P =0.0222). (b) High
STMN1 expression also indicated a poor prognosis
for cancer-specific survival (P = 0.0061).

Table 2. Univariate and multivariate analysis of prognostic factors using the Cox proportional hazards model

Univariate analysis

Muitivariate analysis

Factor

RR 95% Cl P-value RR 95% Ci P-value
Age (<65/>66) 0.994 0.70-1.38 0.9720 ~ - -
Sex (M/F) 0.753 0.49-1.09 0.1392 - - -
Tumor stage (T1-2/3-4) 2.314 1.18-4.71 0.0131* 2.031 0.97-4.39 0.0577
Lymph node 1.742 1.23-2.50 0.0013* 1.48 1.02-2.20 0.0379*

metastasis (—/+)}

Lymphatic invasion (—/+) 1.631 0.97-3.33 0.0649 - - -
Venous invasion {(~/+) 1.619 1.02-2.97 0.0410* 1.039 0.59-1.99 0.898
Distant metastasis (—/+) 1.803 0.29-5.99 0.4582 - - -
Adjuvant therapy (—/+) 0.467 0.25-0.90 0.0242* 0.346 0.17-0.70 0.0035*
Nuclear p27 expression (—/+) 0.596 0.36-0.89 0.0011* 0.811 0.47-1.30 0.401
STMN1 expression (—/+) 1.688 1.16-2.58 0.0044* 1.696 1.10-2.76 0.0165*

*P < 0.05. |, confidence interval; RR, relative risk; STMN1, stathmin1.

parent and negative-control cells (P < 0.01; Fig. 3c). More-
over, STMNI-knockdown cells exhibited significantly higher
sensitivity to paclitaxel than the control cells (P < 0.01;
Fig. 3d).

Discussion

In the present study, we demonstrated that high STMNI1
expression is associated with poor prognosis in primary EHCC
samples. Moreover, high STMN1 expression is related to low
nuclear p27 expression and high cytoplasmic p27 expression.
In the in vitro STMNI knockdown analysis, proliferative ability
was reduced and paclitaxel sensitivity was increased in trans-
fected cells compared with the control cells. In addition,
STMN] knockdown increased p27 expression.

In the immunohistochemical analysis, high STMN1 expres-
sion correlated to poor RFS and CSS prognosis. Moreover,
based on the multivariate analysis of CSS, high STMNI
expression translated into an independent prognostic factor.
Some reports have also revealed that high STMNI expression
is related to poor prognosis in the following cancers: oral squa-
mous cell carcinoma;"'® diffuse type gastric cancer;® colon
cancer;!"  hepatocellular cancer;''¥ and urothelial carci-
noma.'"” The results of the present study are in agreement

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

with these previous reports. Therefore, STMN1 is expected to
serve as a prognostic-predictive marker of EHCC.

In the present study, high STMN1 expression was associated
with venous invasion in EHCC. Jeon er al.® reported this
association in diffuse type gastric carcinoma and showed that
in vitro STMNI1 suppression inhibited migration and invasion
in gastric cancer cells. Baldassare et al.''® reported that
STMNI promotes invasion in sarcoma and regulates microtu-
bule stability following adhesion to the extracellular matrix.
STMNI! also regulated invasion in hepatocellular carci-
noma."? Our results were consistent with these previous
reports and indicate that STMNI is associated with invasion in
EHCC.

Previous studies have examined the relationship between
STMN1 and p27.°%%* Baldassarre et al.'® reported that
STMN1 bound to p27 in the cytoplasm of sarcoma cells and that
high-STMN l-expressing and low-p27-expressing cells demon-
strate increased proliferation and invasion ability. However, the
authors did not describe in detail whether cytoplasmic p27 regu-
lates STMNI1 function or whether cytoplasmic STMNI inhibits
the import of p27 into the nucleus. In our immunohistochemical
analysis of EHCC, high-STMN-expressing samples exhibited a
significant tendency for low nuclear p27 expression and high
cytoplasmic p27 expression. Using a PLA assay, STMNI was

Cancer Sci | June 2014 | vol. 105 | no.6 | 694
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Fig. 3. (a) Stathmin1 (STMN1) bound to p27 in the
cytoplasm of HuUCCT1 cells. Primary STMIN1 rabbit and
p27 mouse antibodies bound to STMN1 and p27
complexes were combined with secondary proximity
ligation assay probes. The interaction events are
visible as red dots (nuclear staining with DAPI).
(b) siRNA-mediated STMN1 suppression. STMN1
protein levels were measured using western blotting
after transfection with STMN1 siRNA. p27 expression
in STMN1 siRNA-transfected and untreated HuCCT-1
cells was assessed using western blotting of total and

nuclear protein. §-Actin was used as a foading control o
for total protein and Histone H1 was used as a 2
loading control for nuclear protein. (¢) HuCCT-1 cells z
were transfected with STMN1 siRNA and WST-8 z
proliferative assays were performed and compared =
with untransfected cells. (d) Paclitaxel sensitivity was R
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shown to interact with p27 directly in the cytoplasm of HuCCT!
cells in vitro. Moreover, siRNA-mediated STMN/ knockdown
triggered increased p27 expression and the proliferative ability
of STMNI-suppressed cells significantly diminished. Interest-
ingly, p27-degradation promotion has been reported in the cyto-
plasm but not in the nucleus during the GO-G]1 transition. From
these results it is suggested that STMNI interacts with p27 in
the cytoplasm, inhibits the function of nuclear p27 via the degra-
dation of cytoplasmic p27 and leads to the progression of cancer.
S phase kinase-associated protein 2 (SKP2) promotes p27 degra-
dation via the ubiquitin-proteasome system®® and p27 upregu-
lation facilitated by a SKP2 inhibitor significantly suppresses the
cell cycle and results in lower proliferation potencyf”’ There-
fore, p27 regulation by STMN1 targeting might provide a prom-
ising therapeutic tool for several cancers including EHCC.

Some  studies have examined the relationship between
STMNI expression and taxane anticancer drugs. STMNI over-
expression levels are associated with paclitaxel sensitivity in
ovarian cancer and breast cancer cells.®*® Tancu er al®”
reported that taxol and anti-STMNI therapy produced a syner-
gistic anticancer effect on a leukemic cell line. Moreover, Alli
et al.” also reported that STMN] overexpression increases the
rate of cell death, decreases microtubule polymerization, which
markedly decreases taxane binding, and prevents cells from
entering mitosis. In the present study, STMNI knockdown
increased paclitaxel sensitivity, which is consistent with previ-
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Abstract

Background Hepatic resection of metastatic colorectal
cancer (CRC) has become the treatment of choice for
patients after resection of the primary CRC. However,
some patients do not benefit from immediate resection
because of rapidly progressive disease. The aim of this
study was to examine the prognostic value of extracapsular
invasion (ECI) of lymph node (LN) metastasis of CRC
with liver metastases following liver resection.

Methods All patients who underwent resection for CRC
with liver metastases between 1995 and 2011 were
reviewed. All of those with metastasis from primary CRC
were included in this study. Preoperative, intraoperative,
and postoperative data, including primary tumor pathology
results, were retrospectively reviewed. All resected LNs
from primary CRC were re-examined to assess ECIL
Associations between clinicopathologic factors, survival,
and the nodal findings were evaluated.

Results ECI was identified in 47 (48 %) patients. ECI
was correlated with the number of positive LNs
(p = 0.0022), timing of liver metastasis (p = 0.0238), and
number of liver metastases (p = 0.0001). Univariate ana-
lysis indicated that the number of positive LNs
(p = 0.0014), ECI (p = 0.0203), and adjuvant chemo-
therapy (p = 0.0423) were significant prognostic factors.
Patients with ECI had a significantly worse survival
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(p = 0.0024) after liver resection than patients with LN-
negative and ECI-negative groups.

Conclusions In patients with hepatic CRC metastases,
ECI in regional LNs reflects a particularly aggressive
behavior, such as a greater number of liver metastases. In
CRC patients with liver metastases, ECI in regional LNs
might be correlated with poor prognosis following liver
resection.

Introduction

In selected patients, liver metastases may be amenable to
surgical resection, with 5-year survival rates of 35-40 %
[1-3]. For those with unresectable liver metastases or who
experience recurrence after resection, the prognosis is poor.
With improvements in systemic and regional chemother-
apy and in surgical technique and perioperative care,
indications for hepatectomy have expanded to include
patients with large lesions and multiple or bilobar lesions.
However, some patients do not benefit from immediate
resection because of rapidly progressive disease or mi-
crometastases that lead to early recurrence. Therefore,
careful patient selection is mandatory for achieving good
outcomes.

Some authors have proposed waiting several months
before liver resection so as to assess the biologic behavior
of the neoplasm, to treat potentially occult disease, and to
avoid operating on patients with rapidly progressing tumors
[4-6]. Some authors performed neoadjuvant chemotherapy
to see the patients’ response, insisting that such response is
an important prognostic factor for patients with multiple
and bilobar liver metastases [7-9].

Numerous prognostic parameters after resection of liver
metastases have been described. These studies were
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designed to identify factors that should be considered
contraindications to liver resection, to identify patients who
might benefit from liver resection, or to estimate the risk of
recurrence after liver surgery [10-15]. Those studies
attempted to examine prognostic factors for tumor recur-
rence after resection. However, data are not easily gen-
eralized and are mainly representative of a single center’s
experience, which may be biased by indications and sur-
gical technique.

Histologic findings of lymph node (LN) metastases
comprise one prognostic indicator for patients with meta-
static colorectal cancer (CRC). Numerous reports have
assessed the correlation between the histology of LN
metastasis and prognosis in patients undergoing hepatic
resection [12, 16, 1[7]. Some studies reported that an
increase in the number of metastatic regional LNs was
associated with a worse outcome [18, 19]. More recently,
disease-specific survival and recurrence rates were found to
be statistically significantly influenced by metastases of the
primary tumor to more than three LNs [15].

Extracapsular invasion (ECI) by LN metastasis has been
studied for several malignancies, including breast, prostate,
and lung cancer [20-22]. ECI in LN metastases is exten-
sion of cancer cells through the nodal capsule and into the
perinodal fatty tissue. The presence of ECI in LN metas-
tasis at the N1 site is correlated with further metastasis at
the N2 site and might be a significant prognostic factor in
patients with CRC [23].

At present, it is unclear whether the clinical behavior of
patients with ECI is similar to that of patients with no ECI
in patients with CRC liver metastases. The ability of nodal
metastases to permit the tumor to break down the LN
capsule represents very aggressive CRC biology. It is
possible that these aggressive biologic features influence
liver metastases. In the present study, we evaluated the
incidence of ECI in LN metastases from primary CRCs.
We also assessed the prognostic significance of ECI in
patients after hepatectomy for CRC liver metastases.

Materials and methods
Patients

Patients who had undergone resection for CRC with liver
metastases were identified from the clinical histopathology
database at the Department of General Surgical Science,
Graduate School of Medicine, Gunma University, from
January 1995 until December 2011. All patients with LN
involvement were included in the present study. Patients
with no regional LN metastases from a primary CRC were
defined as the negative controls. Patients with inflamma-
tory bowel disease or familial adenomatous polyposis and

@ Springer

those who had undergone preoperative chemoradiotherapy
before primary tumor resection were excluded. Data
examined included age, sex, primary tumor site, pathology
of the primary CRC, ECI at the metastatic LN involvement
from the primary tumor, presentation of liver metastases,
extent of liver lesions, surgical details of the liver resection,
timing of hepatic metastases, number of tumors, and largest
tumor size of the liver metastases. Each liver lesion that
was present concomitantly with the primary CRC was
considered a synchronous metastasis. Each liver metastasis
diagnosed after CRC resection was considered a metach-
ronous metastasis. The metachronous liver metastases were
further divided into two groups: an early group and a late
group. The early group includes patients who showed liver
metastases within 2 years after CRC resection. The late
group includes patients who showed liver metastases more
than 2 years after CRC resection.

Hepatectomy

Fitness for liver surgery was assumed by survival from
colorectal resection and a willingness to proceed regardless
of age. The presence of extrahepatic metastases other than
resectable lung metastases was considered a relative con-
traindication to hepatectomy. The indication for liver
resection was complete removal of the liver metastasis if
complete resection of the lesions could be accomplished
while saving 30 % of the total liver volume. The resect-
ability of liver lesions was evaluated by means of contrast-
enhanced computed tomography (CT) and/or magnetic
resonance imaging (MRI) and positron emission tomogra-
phy. Liver function was assessed using indocyanine green
retention at 15 min and/or technetium-99 m galactosyl
serumn albumin scintigraphy. All patients underwent intra-
operative ultrasonography to complement the visual
exploration. The type of surgical procedure employed was
selected based on the extent of the tumor and the potential
for preserving hepatic function. The extent of the resection
was defined as major when more than three segments were
resected. Treatment with chemotherapy was recorded as
preoperative (no more than 6 months before liver resec-
tion) or adjuvant (after liver resection). The applied pro-
tocols were either oxaliplatin-based (FOLFOX) or
5-fluorouracil (5-FU)/leucovorin.

Histopathology

After resection, the pathologist who examined the opera-
tive specimen carefully palpated the specimen, and all
palpable LNs were collected and evaluated. Routine
hematoxylin and eosin (H&E) staining was performed
using a standardized protocol. Extracapsular LN involve-
ment was defined as invasive cancer showing penetration at
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Fig. 1 Lymph node (LN) with a metastatic lesion. Cancer cells are penetrating the LN capsule and infiltrating the perinodal adipose tissue

least of the nodal capsule or extending through the nodal
capsule into the perinodal adipose tissue (Fig. I).

Patient follow-up

Postoperative patient follow-up was continued at the out-
patient clinic every 2 months for the first 3 years and then
every 3 months for the subsequent 2 years. The patients
were checked by physical examination and assessed for
serum levels of the tumor markers carcinoembryonic
antigen (CEA) and carbohydrate antigen at each visit. CT
scanning was performed every year. When liver metastases
were highly suspected, the patients underwent gadolinium
ethoxybenzyl-diethylenetriamine pentaacetic acid MRI to
detect small liver metastases.

Statistical methods

Statistical computations were performed using JMP software
(SAS Institute, Cary, NC, USA). Continuous variables were
expressed as medians and were compared using the Wilcoxon
test, whereas categoric variables were compared using Fish-
er’s exact test or the y* test. Univariate analyses were per-
formed by Cox proportional hazards regression. Multivariate
logistic regression was performed by including factors with a
value of p < 0.05 in the univariate analysis. Survival curves
were calculated by the Kaplan-Meier method. The log-rank
test was used to assess differences in survival. Statistical
significance was defined as p < 0.05. For disease-specific
survival, only deaths attributable to recurrent cancer were
considered events. Patients who died from secondary causes
without recurrence were treated as censored.

Results

Patients

Between January 1995 and December 2011, a total of
121 patients with liver metastasis from colorectal

Table 1 Clinicopathologic characteristics (LN-positive)

Variable No. %
Sex
Male 51 52.6
Female 46 474
Age (years): mean and range 62 (31-83)
Primary site
Colon 67 69.7
Rectum 30 309
pT
pT2 3 3.1
pT3 57 58.8
pT4 37 38.1
No. of positive LNs (range) 29 + 2.1 (1-10)
ECI
Positive 47 48.5
Negative 50 51.5
Histology
Well differentiated 12 124
Moderately differentiated 68 70.1
Poorly differentiated/mucinous 7 7.2

Lymphovascular invasion

Negative 31 32.0
Positive 66 68.0
Timing of development
Metachronous 22 229
Synchronous 75 773
No. of metastases
12 46 474
>3 51 52.6
Maximum diameter (cm)
<3 55 56.7
>3 42 433
Tumor distribution
Unilateral 49 50.5
Bilateral 48 49.5

LNs lymph nodes, ECI extracapsular invasion
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