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Expression of Kita-Kyushu Lung Cancer Antigen-1 as Detected
by a Novel Monoclonal Antibody in Gastric Cancer
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Abstract. Background/Aim: Kita-Kyushu lung cancer
antigen-1 (KK-LC-1) is a known cancer/testis antigen. Our
group has previously shown KK-LC-1 gene expression in
gastric cancer. However, could not be detected the KK-LC-1
protein due to the lack of an appropriate antibody. Here, we
assessed our original monoclonal antibody (Kmab34B3)
and, using it, assessed the expression of KK-LC-1 in gastric
cancer. Patients and Methods: We evaluated an original
monoclonal antibody against KK-LC-1 (Kmab34B3), and
used this antibody to compare KK-LC-1 protein expression
in tumour and non-tumour stomach cells from gastric cancer
patients. Results: Kmab34B3 stained testicular germ cells,
and tumour cells in nine out of 11 (82%) specimens. In non-
tumorous areas, Kmab34B3 stained 13 out of 29 (45%)
pyloric gland specimens. Furthermore, Kmab34B3 also
stained intestinal metaplasia positive and negative areas.
Conclusion: Kmab34B3 was able to detect KK-LC-1 protein
within tumour cells and the pyloric gland where the gene has
been shown to be expressed. Therefore, it might be an
attractive tool for detecting KK-LC-1 expression in
precancerous and cancerous stomach cells.
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The Kita-Kyushu lung cancer antigen-1 (KK-LC-1), also
known as CT83 and Cxorf61, is categorised as a cancer/testis
antigen (CTA) which is expressed within various types of
cancers at a particular rate, and is not expressed in normal
tissues with the exception of germline tissues (1, 2). The
corresponding gene is expressed in 82%, 54%, and 33% of
gastric cancer (GC), breast cancer, and lung cancer,
respectively (3-5).

KK-LC-1 has a 79% expression rate during the early stages
of GC (6). Such finding indicates that KK-LC-1 expression
occurs at the initiation of malignancy and is subsequently
maintained. Furthermore, KK-LC-1 has been shown to be
expressed in premalignant lesions of the stomach (7),
indicating again that KK-LC-1 expression occurs at
premalignancy and is subsequently maintained up to
malignancy and its progression, and that KK-LC-1 could be a
predictive marker for GC occurrence. However, these studies
evaluated the expression of the gene, but not the protein
expression due to the lack of an appropriate antibody against
KK-LC-1. Therefore, we generated a monoclonal antibody
against KK-LC-1. In the present study, we evaluated whether
this original monoclonal antibody accurately detected KK-LC-
1 protein expression in tumour and non-tumour stomach cells.

Patients and Methods

Patients. Between March and September 2017, 27 patients
underwent surgical resection for GC at the Department of Surgery,
Kitasato University Medical Center in Kitamoto, Japan. We
obtained both tumour as well as four non-tumour samples distal
from the tumour area at random. All samples had sufficient mRNA
quality based on -actin gene expression levels.
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Tissue specimens. Each specimen was immediately stored following
collection at 4°C overnight in RNAlater (Life Technologies,
Carlsbad, CA, USA). Samples were subsequently stored at —80°C
until use. Tumor and non-tumor samples were subjected to
hematoxylin-eosin staining in order to confirm the predominance of
tumour cells within the area of the tumour, the lack of tumour cell
contamination in non-tumorous areas and distinguish the sampled
non-tumour areas into borderline, fundic or pyloric glands.
Furthermore, we distinguished the area of pyloric glands into those
containing intestinal metaplasia (IM) or not (non-IM).

KK-LC-1 gene expression. A QIACUBE and RNeasy Tissue Mini
Kit (Qiagen, Hilden, Germany) was used to isolate total RNA from
each sample according to the manufacturer’s instructions. Total
RNA was then converted to cDNA using oligo p(dN)6 random
primers and Superscript III reverse transcriptase (Life
Technologies). Assessment of RNA quality and KK-LC-1 gene
expression was performed as previously described (4). We obtained
11 tumour and four accompanying non-tumour specimens from GC
patients, including six tumour specimens expressing the KK-LC-1
gene and five tumour specimens lacking KK-LC-1 gene expression.

Immunohistochemical staining. The original anti-KK-LC-1
monoclonal antibody prepared in collaboration with CLEA Japan,
Inc. (Tokyo, Japan), Kmab34B3, has been previously described (3).
FFPE sections (3 pm) of adult human testis, gastric tumour, and
normal gastric gland distal from the tumor mass were prepared.
Antigen retrieval was carried out by autoclaving at 121°C for 5 min
in 10 mM citrate buffer solution at pH 6.0. Endogenous peroxidase
was blocked using 6% H,0,. Kmab34B3 (1:80 for 1 h) and CL4762
(1:100 for 2 h; Abcam plc, Cambridge, UK) were used as primary
antibodies for KK-LC-1 staining. Enzyme-labelled biotin-
streptavidin techniques were applied using the Histofine
Histostainer 48A automated immunohistochemistry slide staining
system (Nichirei Bioscience, Chuo, Tokyo, Japan). Expression of
KK-LC-1 was assessed by measuring staining intensity of tumour
and stromal cells in GC tumors, and glands and stroma in gastric
non-tumours.

Human rights statement and informed consent. The Human Ethics
Review Committee of Kitasato University Medical Center, Japan
(Approval No.: 29-18) approved the study protocol. All the
experiments were performed in accordance with relevant guidelines
and regulations. All patients signed an informed consent prior to
resection of the tissue samples used in this study.

Statistical analysis. The Fisher’s exact test was used for statistical
analyses comparing KK-LC-1 expression and each factor. p-Values
<0.05 were considered statistically significant. JMP14.0 (SAS
institute Japan, Minato-ku, Japan) software was used for analyses.

Results

Original mAb evaluation. Our results indicated that the
original mAb Kmab34B3 specifically stained germ cells at
the lumen and basal lamina within seminiferous tubules.
However, CL4762 stained only sperm heads of the luminal
area and it remains unclear whether the antibody staining
was intracellular or extracellular (Figure 1). Therefore, we
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Table 1. The detection of Kita-Kyushu lung cancer antigen-1 and
comparison of gene and protein expression in tumour cells.

Immunohistochemical staining

Positive Negative Rate (%)
Tumour area (n=11) 9 2 81.8
Gene expression
Positive 6 0 100.0
Negative 3 2 60.0

Table II. Detection of Kita-Kyushu lung cancer antigen-1 and
comparison of gene and protein expression in non-tumour cells.

Immunohistochemical staining

Positive Negative Rate (%)

Non-tumour area (n=44) 16 28 36.4
Gene expression

Positive 9 4 69.2

Negative 7 24 22.6
Pyloric gland (n=29) 13 16 448
Gene expression

Positive 8 4 66.7

Negative 5 12 294
Border line (n=11) 3 8 273
Gene expression

Positive 1 0 100.0

Negative 2 8 20.0
Fundic gland (n=4) 0 4 0.0
Gene expression

Positive 0 0 -

Negative 0 4 0.0

Table III. The detection of Kita-Kyushu lung cancer antigen-1 protein
in pyloric gland with or without intestinal metaplasia.

Immunohistochemical staining

Positive Negative Rate (%)  p-Value
Intestinal metaplasia
Positive 11 10 524 0.2378
Negative 2 6 25.0

used Kmab34B3 in this study for immunohistochemistry
(IHC) of GC in order to evaluate KK-LC-1 expression.

KK-LC-1 expression within GC tumours. Figure 2 shows
representative staining of KK-LC-1 at tumour sites using the
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Figure 1. Immunohistochemical staining for KK-LC-1 antigen in normal
testis. Normal testis stained with Kmab34B3 (A and B) or CL4762 (C and
D). Both antibodies stained seminiferous tubules internally and were
negative for interstitial tissue (A and C). Kmab34B3 strongly stained
spermatogenic cells on the basal lamina and spermatids (B). CL4762
stained only sperm heads (D). Arrow heads indicate cells strongly stained
by antibodies. Magnification: 40x (A and C) and 400x (B and D).

Figure 2. Immunohistochemical staining of KK-LC-1 with Kmab34B3
of tumour cells in gastric cancer. Representative images of negative (A),
strongly positive (B) and weakly positive (C and D) staining. Kmab34B3
stained all tumour cells but not stroma (B) and normal gastric glands
adjacent to tumours (C and D). Double ended arrows indicate the
staining area. Magnification: 200x (A, B and D) and 40x (C).

Figure 3. Immunohistochemical staining of KK-LC-1 with Kmab34B3 in normal cells of gastric cancer stomach. Representative staining of pyloric
glands (A-C), pyloric glands with intestinal metaplasia (D and E), and fundic glands (F). (A) Positive staining in pyloric glands; B) patchy positive
staining (arrow head) in pyloric glands; (C) negative staining of pyloric glands; D) positive staining of all pyloric gland with intestinal metaplasia;
(E) negative staining of pyloric glands with intestinal metaplasia; and (F) negative staining of fundic glands. Magnification: 200x .

Kmab34B3 antibody. Kmab34B3 homogenously stained
almost all tumour cells but not stromal cells (Figure 2A and
B). Figure 2C and D show the front line of tumour cells. KK-
LC-1 was detected only at tumour sites but not to adjacent

non-tumour sites, including normal glands and stromal cells.
Of the 11 GC tumours evaluated, KK-LC-1 protein was
detected in nine specimens (81.8%), while KK-LC-I gene
expression was detected in only six specimens (54.5%) (Table
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I). A total of six tumour specimens were positive for both
protein and gene expression, and two were negative for both.
Alternatively, a total of three tumour specimens were positive
for protein expression but negative for gene expression,
whereas no tumour specimens were negative for the protein
but positive for the gene expression (Table I).

KK-LC-1 expression in non-tumour areas. Figure 3 shows
representative staining of KK-LC-1 with Kmab34B3 in non-
tumour sites distal from tumours. KK-LC-1 staining was
detected at pyloric gland cells (Figure 3A-C, Table II). We
observed that KK-LC-1 was expressed in patches (Figure
3B). A total of eight pyloric gland specimens were positive
for both protein and gene expression and 12 were negative
for both. Alternatively, a total of five tumour specimens were
positive for protein but negative for gene expression,
whereas four were negative for protein but positive for gene
expression (Table II). Furthermore, pyloric glands exhibiting
intestinal metaplasia also expressed KK-LC-1 (Figure 3D
and E, Table III). On the contrary, KK-LC-1 was completely
undetected in fundic glands (Figure 3F, Table II).

Discussion

In this study, we demonstrated KK-LC-1 protein expression
by using the novel anti-KK-LC-1 monoclonal antibody,
Kmab34B3. KK-LC-1 has been shown to be strongly
expressed in testicular germ cells, as KK-LC-1 is indeed a
CTA (2, 8). Kmab34B3 strongly stained nearly all germ
cells, from spermatogonia to spermatids. Monoclonal
antibodies against CTAs have been reported to have similar
staining as that shown here with Kmab34B3 (9-11). These
results indicate that Kmab34B3 accurately detects KK-LC-1
in testicular germ cells. On the other hand, CL4762, another
monoclonal antibody against KK-LC-1, did not stain
testicular germ cells but strongly stained spermatids and
sperm heads according to defined markers (12). Recent
reports have shown that KK-LC-1 protein exists within the
sperm nucleus (13). These results may indicate that these
two monoclonal antibodies may recognise different isoforms
of KK-LC-1 or conformationally different KK-LC-1
proteins.

Evaluation of KK-LC-1 expression with Kmab34B3 in
tumour cells and normal cells from GC stomachs was
performed and compared with gene expression data. In tumour
cells, KK-LC-1 staining was observed in all specimens positive
for KK-LC-1 gene expression. Furthermore, we observed that
the specimens, not expressing KK-LC-1 gene, were stained
with Kmab 34B3. These data indicate that KK-LC-1 detection
by IHC using the Kmab34B3 antibody was more sensitive than
the method used for detecting gene expression. In support, we
have previously reported that the detection rate in breast cancer
tumours increased by using IHC (3). Similarly, the KK-LC-1
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expression rate in GC tumours may increase using ITHC
compared to gene expression analysis, as we have previously
reported (4, 6, 7).

On the other hand, non-tumour cells of the pyloric gland
did not show consistent results concerning KK-LC-1
expression between gene expression and protein staining.
This inconsistency may have occurred because the
expression of KK-LC-1 was heterogenous and patchy
within the pyloric glands of the stomach. In fact, we
observed single point KK-LC-1 staining as shown by an
arrow head in Figure 3B. Therefore, the evaluation of KK-
LC-1 expression via IHC may be more precise than that of
its gene expression. Furthermore, we found no relation
between KK-LC-1 expression and intestinal metaplasia
using IHC. We have previously reported that with gene
expression, KK-LC-1 was more frequently expressed in IM
than in non-IM. It remained unclear whether the cells in
which IM occurred expressed KK-LC-1 or not. Here, we
observed by THC that IM-cells partly expressed KK-LC-1,
but no correlation between them was found (Table III). This
indicates that KK-LC-1 is expressed at abnormal stages
including atrophy, IM, and dysplasia but there is no
correlation between them. Furthermore, Otsuka et al. have
demonstrated that KK-LC-1 was rarely expressed in non-
tumour cells of the stomach, and occurred only during
atrophy in non-tumorous tissue (Otsuka et al., currently
under submission). IM is thought to be a paracancerous
rather than a precancerous indicator (14). Taking this into
consideration, KK-LC-1 may be a novel stomach
precancerous or paracancerous indicator for predicting
whether gastric malignancy has occurred or will occur.

KK-LC-1 is considered to be a target for therapy and
prediction of GC. Our results indicate that KK-LC-1 can be
specifically detected with ITHC using the Kmab34B3 antibody.
IHC with Kmab34B3 antibody could be a companion
diagnosis method for cancer therapy targeting KK-LC-1.
Furthermore, Kmab34B3 could detect precancerous lesions of
the stomach.
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