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ABSTRACT

It is known that cytokeratin (CK) is aberrantly expressed in a subset of plasma cell myelomas. We investigated the expression of CK
(CAMS5.2, AE1/AES) in fifty consecutive cases of plasma cell neoplasms (plasma cell myeloma, n=43; solitary plasmacytoma of bone,
n= 7). Seven (plasma cell myeloma, n= 5; solitary plasmacytoma of bone, n= 2) of the 50 cases were positive for CK (CAMb5.2: 7/50,
AE1/AES3: 0/50). The seven cases also expressed CK7 (2/7), CK8 (3/7) and CK18 (7/7) with varying intensity. One case was positive
(>10%) for both CK8 and CK18 and two cases weakly expressed both CK8 and CK18 (<10%). CK8 and CK18 are expression part-
ners and are known to form heteropolymeric filament in cells, suggesting that heteropolymeric filament is formed in a subset of plasma
cells in myeloma. On the other hand, the seven cases expressed both type | cytokeratin (CK18) and type Il cytokeratin (CAM5.2).
CAMS5.2 primarily reacts with CK8 and to a lesser extent with CK7. Although the CK8 antibody that was used only reacted with 3 of
the 7 cases, it is likely that all 7 cases expressed both CK8 and CK18. The follow-up survival data did not show a significant difference
between the CAM5.2-positive group and the CAM5.2-negative group.
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OzET
Plazma Hiicreli NeoplazmPnda Cytokeratin’in Anormal Ekspresyonu

Sitokeratin (CK), plazma hucreli miyelomlarin bir alt kimesinde anormal eksprese oldugu bilinmektedir. Elli ardisik plazma hdcreli
neoplazm (plazma hucreli miyelom, n= 43, kemigin soliter plazmasitomu, n= 7) olgusunda CK (CAM5.2, AE1 / AE3) ekspresyonunu
arastirdik. 50 olgunun yedisi (plazma hucreli miyelom, n = 5, soliter kemik plazmositomu, n= 2) CK pozitifti (CAM5.2: 7/50, AE1/AE3:
0/50). Yedi vaka ayni zamanda degisen siddette CK7 (2/7), CK8 (3/7) ve CK18 (7/7) eksprese etmistir. Bir olgu, hem CK8 hem de
CK18 i¢in pozitifti (>% 10) ve iki olgu hemn CK8 hem de CK18'i zayif bicimde eksprese idi (<% 10). CK8 ve CK18, ekspresyon partner-
leridirler ve hiicrelerde, heteropolimerik filamentin miyelomadaki plazma hicrelerinin bir alt kimesinde olustugunu dusdnduren, heter-
opolymeric filament olusturdugu bilinmektedir. Ote yandan, yedi olguda hem tip | sitokeratin (CK18) hem de tip Il sitokeratin (CAMS5.2)
eksprese edildi. CAM5.2 dncelikle CK8 ile reaksiyona girer ve daha az 6lgide CKY7 ile reaksiyona girer. Kullanilan CK8 antikoru ancak
7 olgunun 3’0 ile reaksiyona girmis olsa da, muhtemelen 7 olgunun ikisinin de CK8 ve CK18'i eksprese ettikleri muhtemeldir. izlem
sagkalimi verileri, CAM5.2-pozitif grup ile CAM5.2-negatif grup arasinda anlamli bir fark géstermedi.

Anahtar Kelimeler: Sitokeratin, Keratin, Miyelom, Immunohistokimya, Plazma hticresi, CK8, CK18, CAM5.2
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INTRODUCTION

Plasma cell myeloma is a multifocal plasma cell
neoplasm and solitary plasmacytoma of bone is a
localized plasma cell neoplasm.! Both plasma cell
myeloma and solitary plasmacytoma of bone show
the same immunophenotype and genetic character-
istics.!

Cytokeratins (CKs) are intermediate filament pro-
teins that can be found in epithelial cells.>* CKs
consist of at least 20 gene products and a large
number of hair follicle-specific epithelial CKs have
recently been discovered.”* CKs are classified into
two groups: type I (acidic, CK9-CK20) and type II
(basic to neutral, CK1-CKS8). Heteropolymeric fil-
aments are formed by the pairing of type I CK and
type II CK in a 1:1 ratio.>* CKs are important for
the mechanical stability and integrity of epithelial
cells and tissue.>* CKs are thought to work as an
intracellular scaffold. Some CKs (CK8 and CK18)
are involved in the intracellular signaling pathways
and may affect carcinogenesis.>?

Sewell et al. first reported a case of plasma cell my-
eloma showing monoclonal antibody CAMS.2 im-
munoreactivity.* CAM 5.2 is known to react with
type II CK (primarily CK8 and to a lesser extent
CK7).> Wotherspoon et al. showed CK immuno-
reactivity in 5 of 14 casee of plasmacytoma (36%,
solitary plasmacytoma of bone and plasma cell
myeloma).® Three cases showed immunoreactivity
to CAMS.2 (21%) and the other two cases showed
immunoreactivity to K13 (type I, 14%). Petruch
et al reported that 8% of 51 multiple myeloma
cases showed immunoreactivity to KL-1.” KL-1
is known to react with type I CK and type II CK
(CK1,2,5,6,7,8,11, 14, 16, 17 and 18).?

To our knowledge, it is not known whether both
type I CK and type II CK are simultaneously ex-
pressed in plasma cell neoplasms.

We studied the expression of CKs in 50 plasma cell
neoplasms (plasma cell myeloma, n= 43; solitary
plasmacytoma of bone, n= 7) and compared the
survival of the CAMS.2-positive and CAMS.2-
negative groups.
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PATIENTS and METHODS
Patients

We investigated 50 consecutive cases of plasma
cell neoplasms (plasma cell myeloma, n= 43; soli-
tary plasmacytoma of bone, n= 7) that were patho-
logically diagnosed in the Hokkaido Cancer Center
between 1998 and 2013. The study population in-
cluded 23 male patients and 27 female patients.
The median age at the time of the diagnosis was 64
years (range, 32 to 88 years). According to Durie
Salmon stage system®, 12 patients presented with
stage I, 4 patients presented with stage II, and 34
patients presented with stage IIL.

This study was approved by the Ethical Committee
of the Hokkaido Cancer Center.

Immunohistochemistry

Paraffin embedded tissues were retrieved. The
surgical specimens were fixed in 10% formalin
and embedded in paraffin. Four micrometer sec-
tions were stained with hematoxylin and eosin for
conventional histopathologic examination. Four-
micrometer sections were processed for immuno-
histochemistry with the labeled streptavidin-biotin
peroxidase detection system using the Ventana
automated immunostainer (Ventana Medical Sys-
tems, Tucson, AZ) in accordance with the manu-
facturer’s protocol.

The following primary antibodies were used:
CAMS.2 (prediluted, Becton Dickinson, San Jose,
CA, USA), AE1/AE3 (prediluted, Nichirei, Tokyo,
Japan), SP52 (CK7, prediluted, Ventana Medical
Systems), TS-1 (CKS8, diluted 1:100, Leica Biosys-
tems), DC10 (CK18, diluted 1:100, Leica Biosys-
tems).

Cases in which >10% of the tumor cells showed
reactivity were considered to be positive for CAM
5.2 or AE1/AE3. The results were also estimated
using a four-grade scale (reactivity: -, no/uncertain,
1+: <10%, 2+: 10-50%, +3: =50%), as described
previously.’

The results obtained using antibodies SP52 (CK7),
TS-1 (CK8) and DC10 (CK18) antibodies were es-
timated using four grade scale.
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Table 1. Immunohistochemical expression of CK CAM5.2 and CK AE1/AES in plasma cell neoplasms
IHC CAM5.2 AE1/AE3
Negative =) (41) (49)
43 50
(1+) @ O]
Positive (2+) 5) ()]
7 0
(3+) @ ©)
Survival Analyses

Overall survival (OS) was calculated from the date
of the diagnosis to the date of death from any cause
or the date of the last follow-up. OS was estimated
by the Kaplan-Meier method and the significance
of differences was assessed by a log-rank test.

RESULTS

Immunohistochemical staining was performed us-
ing CK CAM5.2 and CK AE1/AES3 for 50 consec-
utive cases involving plasma cell neoplasms.Seven
of the fifty cases were positive for CK CAMS5.2
and all 50 cases were negative for CK AE1/AE3
(cut-off level 10%, Table 1). One case focally ex-
pressed CK AE1/AE3 (<10%) and two cases fo-
cally expressed CK CAMS.2 (<10%). These cases
were considered to be “negative”.

Representative results of hematoxylin-eosin stain-
ing and immunohistochemistry are shown in Figure
1. The tumor cells of case 6 (multiple myeloma)
showed round and eccentric nuclei with an eosino-
philic cytoplasm (Figure 1 A, B). The tumor cells
were diffusely positive for CD138 and kappa and
negative for lambda (data not shown). The tumor
cells diffusely expressed CK CAM 5.2 (positive,
Figure 1, C) and focally expressed CK AE1/AE3
(negative, <10%, Figure 1, D).

The seven cases that were positive for CK CAMS.2
were selected for further immunohistochemistry
using antibodies for CK18, CK8, and CK7. The
immunohistochemistry results are summarized in
Table 2. Six of the seven cases showed reactivity
to CK18 (2+ or 3+, positive) and one of the seven
cases showed reactivity to CK8 (2+, positive). All
7 cases were negative for CK7; however, two cases
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Figure 1. Photomicrographs of the plasma cell myeloma
(case 6 and casel) .

Diffuse bone marrow involvement of plasma cell myeloma was
observed (A; HE, case 6, original magnification x6). Round and
eccentric nuclei were seen (B; HE, case 6, original magnifica-
tion x24). Tumor cells were diffusely positive for CK CAM5.2
(C; case 6, positive, original magnification x6). The tumor cells
were focally positive for CK AE1/AES (D; case 6, < 10%, nega-
tive, original magnification, x24). The tumor cells were diffusely
positive for CK18 (E and F; case 6, 3+, original magnification,
x6 and x24). Tumor cells were moderately positive for CK8 (G;
2+, original magnification, x24). Tumor cells of case 1 were
focally positive for keratin CK7 (1+, negative, H, original mag-
nification, x12).
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Table 2. Immunohistochemical expression of CK7, 8, 18 in CAM5.2-positive plasma cell neoplasms.
Case Number CAM5.2 AE1/AE3 CK7 CK8 CK18

1 2+ () 1+ ) 2+

2 2+ () () ) 2+

8 2+ () () ) 1+

4 3+ () () ) 2+

5 2+ () () + 2+

6 3+ 1+ ©) 2+ 3+

7 2+ ) 1+ 1+ 2+

Reactivity: (-) No/uncertain, (1+) =<10%, 2+ 10-50%, 3+ =>50%

focally expressed CK7 (1+). Representative results
are also shown in Figure 1. Case 6 was positive
for CK18 (3+, positive, Figure 1, E, F) and CK8
(2+, positive, Figure 1, G). Two of the seven cases
(Case 1 and 7) showed weak reactivity to CK7 (1+,
negative, case 1, Figure 1, H).

The overall survival curves of the patients in the
CK CAMS5.2-positive (n= 7) and CK CAMS.2-
negative (n= 43) groups are shown in Figure 2. No
significant difference was observed in the overall
survival of the CK CAMS.2-positive and CKS5.2-
negative groups (p= 0.639).

DISCUSSION

Our study showed that 7 of 50 plasma cell neo-
plasms were positive (>10%) for CK CAMS.2,
which was in line with previous reports.*®7 Six
of seven CAMS.2-positive plasma cell neoplasms
were also positive for CK18 (>10%) and one fo-
cally expressed CK18 (<10%). On the other hand,
one case was CK8-positive and CK8 was focally
expressed in 1 of the 7 CAMS5.2-positive plasma
cell neoplasms. One case was positive for both
CK8 and CK18 and the other two cases expressed
both CK8 and CK18. Thus, 3 cases expressed both
CK8 and CK18. Our results showed that both CK8
and CK18 are simultaneously expressed in a sub-
set of plasma cell neoplasms. It is known that CK8
(type I CK) and CK18 (type I CK) are expression
partners and that they form heteropolymeric fila-
ments in cells.>?
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CAM 5.2 is known to react primarily with CK8
and to a lesser extent with CK7.> Heteropoly-
meric filaments are formed by the pairing of type
I CK and type IT CK in a 1:1 ratio.>* Kulesh et al.
showed posttranslational regulation of CK8 and
CK18.° The co-expression of both CK8 and CK18
resulted in stabilization of both CK8 and CK18 and
the single expression of CK8 or CK18 led to the
degradation of the protein in cultured cells.” Taken
together, CAM 5.2 appeared to mainly react with
CKS8 in the 7 cases expressing CK18. It would be
interesting to examine the CK8 expression using
other antibodies; however, this would have been
difficult because the biopsy materials were very
limited.

Adams et al. reported the cytokeratin expression
in hematological neoplasms using a tissue microar-
ray.'® Immunohistochemistry was performed using
monoclonal mouse anti-human CK cocktail CK22
antibodies and 866 of the arrayed cases were evalu-
able. Thirteen (1.5%) of the cases were positive for
CK22. The thirteen CK22 positive cases included
Hodgkin and Reed-Sternberg cells of Hodgkin
lymphoma (0.4%, 1/230 cases), plasma cell my-
eloma (1/1 case), diffuse large B-cell lymphoma
(0.6%, 2/326 cases), mantle cell lymphoma (26%,
5/18 cases), small cell lymphomas/chronic lym-
phocytic leukemias (4%, 3/70 cases) and periph-
eral T-cell lymphoma, not otherwise specified (4%,
1/27 cases). They reported that the positive stain-
ing of >10% of cells was only observed in the cases
of Hodgkin lymphoma and plasma cell myeloma.
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Figure 2. Overall survival curves of patients in the CK CAM5.2-
positive group and CK CAMS5.2-negative group.

In the present study, the expression of cytokeratin
was detected in >10% of the tumor cells in 14%
of plasma cell neoplasms. The rate and levels of
cytokeratin expression in plasma cell neoplasms
seemed to be high in comparison to other hemato-
logical neoplasms.

These results raised the question as to whether cy-
tokeratin might have a role in the biological behav-
ior of plasma cell myeloma. Gu et al. previously
showed that cytokeratin was aberrantly expressed
in 20% of Ewing sarcoma cases using cytokeratin
CAM 5.2 and AE1/AE3." Recently, Sanker et al.
suggested the role of CK 17 in coordinating onco-
genic transformation and cellular adhesion in Ew-
ing sarcoma.'? Taken together, aberrantly expressed
CK may have a role in plasma cell neoplasms. An
overall survival analysis was performed to investi-
gate whether the expression of CK affected overall
survival in patients with plasma cell myeoloma.
No significant difference was found in the overall
survival of the CK CAMS5.2-positive and CK5.2-
negative groups (p= 0.639). However, it is still
possible that CKs have a function in plasma cell
neoplasms. Our results suggest that CKs form het-
eropolymeric filaments in a subset of plasma cell
neoplasms, as described above. They could work
as an intracellular scaffold for other molecules in
plasma cell neoplasms.
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