
Abstract. Background: Kita-Kyushu lung cancer antigen-1
(KK-LC-1) is a cancer/testis antigen and predominant target
for cancer immunotherapy. Its detection is only established
based on gene expression. In this study, we established a
monoclonal antibody against KK-LC-1 to detect its protein
expression in formalin-fixed samples. Materials and
Methods: The monoclonal antibody against KK-LC-1 was
evaluated and the detection of KK-LC-1 between gene
expression and protein expression was compared in patients
with breast cancer. The monoclonal antibody clone 34B3,
which we established, stained testicular germ cells positively.
Results: The rates of detection of KK-LC-1 gene and protein
expression were 11.8% and 52.9%, respectively. Protein
expression was detected in all triple-negative breast cancer
cases studied (n=8). Furthermore, KK-LC-1 was detected in
all tumours without oestrogen receptor expression.
Conclusion: This study indicated that KK-LC-1 expression
was detected in breast cancer, especially in oestrogen
receptor-negative subtypes.

Breast cancer is the most frequently diagnosed cancer in
women. It is also a predominant cause of mortality (1).
However, standard therapies for breast cancer have not
reduced mortality. New therapies against breast cancer,

especially triple-negative breast cancer (TNBC), that cannot
be applicable for hormone and HER2 therapy, are needed. A
recent study indicated that inhibitors of immune checkpoints
such as programmed death (PD)-1/PD ligand-1 interaction
can restore the immune response of cytotoxic T-lymphocytes
(CTLs) to tumour-associated antigens and have been
successfully established as a new cancer therapy (2).

Several tumour-associated antigens have been identified
in various human cancer types (3). These antigens are
classified into four categories, excluding extrinsic viral
antigens, as follows: cancer/testis antigens (CTAs),
differentiation antigens, amplification or overexpression
antigens, and tumour-specific mutated antigens recently
defined as neo-antigens. CTAs are especially attractive
targets for immunotherapy because they are not at all, or
minimally expressed in normal tissues except for the testis,
but are aberrantly expressed in a range of human cancer
types (4). Therefore, immune targeting of these antigens is
thought to have negligible adverse side-effects.

Kita-Kyushu lung cancer antigen-1 (KK-LC-1), also known
as CT83 and CXORF61, is a CTA that has epitope peptides
recognised by CTLs. When CTLs against KK-LC-1 accumulate
predominantly among tumour-infiltrating lymphocytes, adaptive
immunotherapy using such lymphocytes leads to a good
response (5). KK-LC-1 maps to chromosome Xq23, and is not
expressed in normal tissues except for the testis, but is
expressed in 33% of non-small cell lung cancer (6, 7).
Furthermore, KK-LC-1 was found to be expressed in 82% and
75% of patients with gastric cancer (10) and TNBC (8, 9).

Almost all studies about KK-LC-1 screening have
evaluated its gene expression. Although some reports used
polyclonal antibody (pAb) against KK-LC-1 (9, 10), we have
also used it and determined that it was not able to distinguish
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KK-LC-1 protein because there was no staining of testis,
which strongly expresses KK-LC-1. We then established a
new monoclonal antibody (mAb) to KK-LC-1. In this study,
we evaluated the KK-LC-1 mAb (clone 34B3) which can be
applied for immunohistochemistry (IHC) and investigated
KK-LC-1 expression in breast cancer tumour using it.

Materials and Methods
The study protocol was approved by the Human Ethics Review
Committee of the Kitasato University Medical Center, Japan
(Approval No. 29-17), and all experiments were carried out in
accordance with relevant guidelines and regulations. Signed
informed consent was obtained from all patients prior to collection
of the tissue samples used in this study.

Patients. A total of 154 patients underwent surgical resection for
breast cancer at the Department of Surgery, Kitasato University
Medical Center, Kitamoto, Japan, between June 2014 and August
2017. Before resection, signed informed consent we obtained from
each patient. The fresh tumour mass was bisected and a tumour
portion was picked from the centre of a bisected face. Whenever
possible, a normal portion of the mammary gland distant from the
tumour mass was sampled. Formalin-fixed paraffin-embedded
(FFPE) sections were prepared from the periphery of the sampling
area. The rate of tumour-inclusion of the fresh tumour samples was
assessed through haematoxylin-eosin staining of the periphery. The
samples used in this study included more than 10% of tumour cells.
Finally, we obtained 51 sets of fresh and FFPE samples from
tumour masses and, in four cases, a non-tumoural area including
samples from the mammary gland, which was distant from the
tumour mass, in the breast specimens after surgical resection. The
clinicopathological findings were classified according to the General
Rules for Clinical and Pathological Recording of Breast Cancer
2005 (11).

Tissue specimens. Fresh tumour and normal mammary gland
samples were immediately stored at 4˚C overnight in RNALater
(Life Technologies, Carlsbad, CA, USA) and then stored at −80˚C
until use. Each sample for assessment of gene expression was
subjected to haematoxylin-eosin staining to confirm the
predominance of tumour cells in the tumour area and to exclude
contamination of tumour cells in the mammary gland which was
distant from the tumour mass.

CTA expression. The total RNA from each sample was isolated using
a QIACUBE and RNeasy Tissue Mini Kit (Qiagen, Hilden, Germany),
according to the manufacturer’s instructions. Total RNA was converted
to cDNA using oligo p (dN)6 random primers and Superscript III
reverse transcriptase (Life Technologies). Expressions of β-actin
(ACTB); melanoma antigen (MAGE)-A1; MAGE-A3; MAGE-A4;
synovial sarcoma, X break point 4 (SSX4); and New York oesophageal
squamous cell carcinoma-1 (NY-ESO-1) were measured with TaqMan
Gene Expression Assays (IDs: Hs99999903_m1, Hs00607097_m1,
H200366532_m1, Hs00365979_m1, Hs00265824_m1, and
Hs02341532_m1, respectively). Analyses were performed using a
7900HT Fast Real-Time PCR System (Life Technologies). The
threshold cycle number of cDNAs converted from RNAs was
measured for ACTB then <28 threshold cycles were passed, and the
samples were assessed for the expression of CTAs. Real-time
polymerase chain reaction (PCR) was performed in a 20 μl reaction
containing 5 μl of cDNA template, 10 μl of FastStart Universal Probe
Master Mix (Roche, Manheim, Germany), and 1 μl of TaqMan Gene
Expression Assay. KK-LC-1 expression was examined by 40-cycle
end-point RT-PCR because an appropriate probe to detect KK-LC-1
mRNA was unavailable at the time of this study. PCR amplification
was performed in 20 μl of PCR reactions containing 2 μl of cDNA
template, rTaq (Takara, Tsu, Japan), dNTPs (Roche, Basel,
Switzerland), and 500 nM each of gene-specific primers 5’-
ATGAACTTCTATTTACTCCTAGCGAGC-3’ and 5’-TTAGGTGG
ATTTCCGGTGAGG-3’ (Sigma-Aldrich Japan, Shinagawa, Tokyo,
Japan). The annealing temperature was 67˚C, and 40 cycles were used
to yield the 342-bp product. PCR products were visualised by ethidium
bromide staining and ultraviolet light exposure after electrophoresis
on 1.5% agarose gels. Detection of a visible band of 342-bp product
was judged as positive expression.

Preparation of monoclonal antibody (mAb) against KK-LC-1. The
selection of antigenic peptide, peptide synthesis, and keyhole limpet
hemocyanin conjugation was performed by Biogate (Gifu, Japan).
Hydrophilicity, secondary structure, surface probability, and
antigenicity were considered in the designation of the antigenic peptide
sequence as follows. The hydrophilicity was evaluated by the method
of Hopp and Woods (12). The secondary structure was evaluated by
the method of Chou and Fasman (13) and the method of Robson (14)
using GENETYX-MAC software (Software Development, Tokyo,
Japan). The surface probability was evaluated by the method of Emini
et al. (15). Antigenicity was evaluated by the method of Welling et al.
(16) and the method of Parker et al. (17) using the original software.
The designed peptide sequence was subjected to BLASTP search
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Table I. Gene expression of studied cancer/testis antigen in 51 breast cancer cases.

Gene symbol                                                   Gene name                                                  Positive                Negative           Frequency of positivity (%)

MAGE-A1                                          Melanoma antigen gene A1                                         21                           30                                   41.2
MAGE-A3                                          Melanoma antigen gene A3                                           5                           46                                     9.8
MAGE-A4                                          Melanoma antigen gene A4                                           3                           48                                     5.9
NY-ESO-1                       New York oesophageal squamous cell carcinoma-1                     12                           39                                   23.5
SSX4                                             Synovial sarcoma, X breakpoint 4                                     7                           44                                   13.7
KK-LC-1                                      Kita-Kyushu lung cancer antigen-1                                     6                           45                                   11.8



(http://www.ncbi.nlm.nih.gov/blast/) to screen its homology with
known protein sequences. Based on these evaluations, residues 84 to
113 of KK-LC-1 were used as a candidate peptide. At the N-terminus
of the synthesized peptide, a cysteine residue was added to facilitate
conjugation to the carrier protein, keyhole limpet hemocyanin. The
mouse monoclonal antibody against the peptide was prepared by
CLEA Japan (Tokyo, Japan) using a standard protocol. The
hybridomas producing the antibodies were screened by enzyme-linked
immunosorbent assay with the synthesized peptide.

Immunohistochemical staining. FFPE sections (3 μm) of human
adult testis, breast tumour, and normal mammary gland distant from
the tumour mass were prepared. Before the use of primary
antibodies, antigen-retrieval for these sections was carried out by
autoclaving at 121˚C for 5 min in 10 mM citrate buffer solution of
pH 6.0. Endogenous peroxidase was blocked using 6% H2O2. For
KK-LC-1 staining, KK-LC-1 mAb 34B3 (1:80 dilution for 1 h) and
KK-LC-1 pAb (1:50 for 2 h; HPA003773; Sigma Life Science, St.
Louis, MO, USA) were used as the primary antibodies. Enzyme-
labelled biotin-streptavidin techniques were applied throughout with
the Histofine Histostainer 48A automated immunohistochemistry
slide staining system (Nichirei Bioscience, Chuo, Tokyo, Japan). In
breast cancer tumours, expression was assessed as the staining
intensity of tumour cells.

Statistical analysis. Statistical analyses of KK-LC-1 expression
according to each clinicopathological factor, gender, oestrogen
receptor (ER), progesterone receptor (PgR), human epidermal
growth factor receptor 2 (HER2), Ki67, nuclear grade, subtype and
stage, was performed using Fisher’s exact test. p-Values of less than
0.05 were considered significant. JMP8.0 (SAS institute Japan,
Minato-ku, Japan) was used for the analysis.

Results

CTA gene expression of specimens in breast cancer tumours.
In breast cancer tumours, six (11.8%), 21 (41.2%), five (9.8%),
three (5.9%), seven (13.7%), and 12 (23.5%) out of 51 patients
had positive expression of KK-LC-1, MAGE-A1, MAGE-A3,
MAGE-A4, SSX4, and NY-ESO-1, respectively (Table I).

Evaluation of KK-LC-1 mAb 34B3. IHC was performed
using KK-LC-1 mAb 34B3, and commercial pAb with the
FFPE sections of testis. The mAb strongly stained germline
cells in seminiferous tubule (Figure 1A). On the contrary,
despite following the manufacturer’s protocol, the pAb did
not stain germline cells (Figure 1B). We then evaluated the
expression level of KK-LC-1 in breast cancer tumour using
mAb. There was no staining of normal mammary gland,
distant from tumour, in the four paired samples (Figure 1C).
Representative negative (Figure 1D), weak (Figure 1E and
F) and strong (Figure 1G) staining of breast tumours is
depicted in Figure 1D-G, respectively.

Detection of KK-LC-1 gene and protein expression. The rate
of KK-LC-1 detection was 11.8% and 52.9% as assessed by
gene and protein expression, respectively (Table II). For all

specimens in which KK-LC-1 gene expression was detected
its protein expression was also detected (Figure 2). KK-LC-
1 protein expression was detected in 100% of ER-negative
cases. Detection considering both gene and protein
expression also showed that KK-LC-1 was more frequently
expressed in the ER-negative group than in the ER-positive
group, in the PgR-negative group than PgR-positive group
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Figure 1. Representative staining against Kita-Kyushu lung cancer
antigen-1 (KK-LC-1). Clone 34B3 monoclonal antibody to KK-LC-1 (A)
and a polyclonal antibody (B) were used in immunohistochemical
staining of testis. Germ cells on the basal membrane were strongly
stained and judged as ++ (A), although polyclonal antibody did not stain
tissue and was judged as negative (B). Staining patterns of monoclonal
antibody clone 34B3 against KK-LC-1 was evaluated using breast
specimens. C: Normal mammary gland tissue distant from the tumour
mass was not stained. D: A specimen with negative staining (–). E and
F: Specimens with weakly positive staining (+). Arrowheads indicate the
stained tumor cells in F. G: A specimen with strongly positive staining
(++). Original magnification, ×200.



and TNBC than all other subtypes. Detection of gene
expression showed that KK-LC-1 was most frequently
expressed in the group with a Ki67 index of more than 50%,
and with nuclear grade 3.

Discussion

Evaluation of gene expression should be performed with
fresh specimens when the quantity of target gene expression
is low. CTAs evaluated in this study were weakly expressed
in the tumours, and we ventured to prepare fresh breast
cancer tumours. Furthermore, we made FFPE sections from
around the sampling area for evaluating gene expression
because the sampling area itself reflects the dominance of
tumour cells compared with stromal cells. Although we
sampled the centre of the tumour mass, nine out of 60

samples (15%) were not used in this study because of a
tumour-inclusion rate of less than 10%.

CTAs are expressed in melanomas and lung, oesophageal,
gastric, colon, and breast carcinomas, but not in normal
tissues except for germline tissues. They are attractive targets
for cancer therapy and diagnosis. In our study, the gene
expression of CTAs was close to those in previous reports
by other laboratories except for MAGE-A1 (18-22). Our gene
expression data for MAGE-A1 were similar to reported
protein expression data (23).

In our study, KK-LC-1 was detected by mAb in all
specimens in which its gene expression was detected. These
data indicate the accuracy of this mAb. Furthermore, the
detection rate with mAb was higher than detection of gene
expression. One of the causes of their difference might be
that the mAb might detect a minor population of tumour
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Table II. Kita-Kyushu lung cancer antigen-1 (KK-LC-1) gene and protein expression according to clinicopathological factors.

                                                        Case               Gene expression, n (%)                  p-Value                 Protein expression, n (%)                 p-Value

Total                                                 51                            6 (11.8)                                                                          28 (54.9)                                     
Gender
   Male                                                 2                            0 (0.0)                                 >0.99                                   1 (50.0)                                 >0.99
   Female                                           49                            6 (12.2)                                                                         27 (55.1)                                     
Oestrogen receptor
   Positive                                          41                            1 (2.4)                                   0.0005                             18 (43.9)                                   0.0011
   Negative                                         10                            5 (50.0)                                                                         10 (100.0)                                   
Progesterone receptor
   Positive                                          39                            1 (2.6)                                   0.0018                             18 (46.2)                                   0.0441
   Negative                                         12                            5 (41.7)                                                                         10 (83.3)                                     
HER2
   Positive                                            8                            2 (25.0)                                 0.2339                               6 (75.0)                                   0.2485
   Negative                                         43                            4 (9.3)                                                                            22 (51.2)                                     
Ki67
   >50%                                              11                            4 (36.4)                                 0.0166                               8 (72.7)                                   0.3062
   20-50%                                          12                            1 (8.3)                                                                              8 (66.7)                                     
   <20%                                              27                            1 (3.7)                                                                            12 (44.4)                                     
   ND                                                   1                             0                                                                                       0                                               
Nuclear grade
   1                                                     27                            2 (7.4)                                   0.0179                             11 (40.7)                                   0.1805
   2                                                      11                            0 (0.0)                                                                              7 (63.6)                                     
   3                                                      11                            4 (36.4)                                                                            8 (72.7)                                     
   ND                                                   2                             0                                                                                       2                                               
Subtype
   Luminal A                                      32                            0 (0.0)                                   0.0036                             14 (43.8)                                   0.0046
   Luminal B                                        9                            1 (11.1)                                                                            4 (44.4)                                     
   HER2                                               2                            1 (50.0)                                                                            2 (100.0)                                   
   TNBC                                              8                            4 (50.0)                                                                            8 (100.0)                                   
Stage
   0                                                       2                            0 (0.0)                                 >0.99                                   0 (0.0)                                     0.2445
   I                                                      17                            2 (11.8)                                                                            8 (47.1)                                     
   II                                                     21                            4 (19.0)                                                                         16 (76.2)                                     
   III                                                     9                            0 (0.0)                                                                              3 (33.3)                                     
   IV                                                     2                            0 (0.0)                                                                              1 (50.0)                                     

HER2, Human epithelial growth factor receptor 2, ND: not determined, TNBC: triple-negative breast cancer.



cells, such as diffuse type. Similarly, for breast carcinoma,
detection of MAGE-A1 with mAb was higher at 69% than
that of gene expression reported by Yao et al. (11.8%) and
that of the present study (41.2%). In addition, detection of
NY-ESO-1 with mAb was higher at 27% than that of gene
expression reported by Yao et al. (4.4%) (22, 23).

Our results showed that KK-LC-1 was expressed in the
tumour of ER-negative subtype, including TNBC. ER-negative
tumours are more likely to confer a poor prognosis; a higher
recurrence rate was reported for ER-negative breast cancer
(24). Therapy with oestrogen antagonist is not applicable for
patients with ER-negative tumour so that alternative therapies
for ER-negative tumours are desired. Recently, KK-LC-1
peptides restricted by HLA-A1,-A2, and-B62 were discovered
(5, 7, 9). The frequencies of expression of these HLAs among
Japanese were reported to be 1%, 45%, and 15%, respectively.
On the contrary, those among Caucasians were reported to be
28%, 49%, and 12%, respectively (25, 26). Considering that
KK-LC-1 was found to be expressed in all patients with ER-
negative breast cancer and the frequency of patients expressing
at least one of these HLA proteins was estimated at 55%
among Japanese and 67% among Caucasians, immunotherapies
targeting KK-LC-1 for ER-negative breast cancer, including
TNBC, might represent a new treatment strategy.

The mAb constituted by us specifically bound KK-LC-1,
which was specifically expressed in testicular germline cells
and tumour cells. Our results using this mAb indicate that
KK-LC-1 was expressed in all ER-negative breast cancer
tumours and might be an attractive target for cancer
immunotherapy.
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