ONCOLOGY LETTERS 25: 127, 2023

Prognostic and diagnostic significance of preoperative Jumonji
domain-containing 6 antibodies in colorectal cancer
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Abstract. Jumonji domain-containing 6 (JMJD6) protein
has been reported to be upregulated in different cancer
cells; however, to the best of our knowledge, no report has
analyzed serum anti-JMJD6 antibodies (s-JMJD6-Abs) in
patients with cancer. Therefore, the present study evalu-
ated the clinical significance of s-JMJD6-Abs in patients
with colorectal cancer. Preoperative serum samples were
analyzed from 167 patients with colorectal cancer who
underwent radical surgery between April 2007 and May
2012. The pathological stages were as follows Stage I (n=47),
stage II (n=56), stage III (n=49) and stage IV (n=15). In
addition, 96 healthy participants were analyzed as controls.
s-JMJD6-Abs were analyzed by amplified luminescent
proximity homology assay-linked immunosorbent assay. The
cutoff value of s-JIMJD6-Abs for detecting colorectal cancer
was calculated to be 5,720 using the receiver operating char-
acteristic curve. The positive rate of s-JMJID6-Abs was 37%
in patients with colorectal cancer (61 of 167), independent
of carcinoembryonic antigen or carbohydrate antigen 19-9
and p53-Abs. Clinicopathological factors and prognosis were
compared between the s-JMJD6-Abs-positive group and the
s-JMJD6-Abs-negative group. The s-JMJD6-Ab-positive
status was significantly associated with older age (P=0.03), but
was not associated with other clinicopathological variables.
Regarding recurrence-free survival, the s-JMJID6-positive
status was a significant poor prognostic factor in both univar-
iate (P=0.02) and multivariate (P<0.01) analyses. Similarly,
regarding overall survival, the s-JMJD6-Abs-positive status
was a significant poor prognostic factor in both univariate
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(P=0.03) and multivariate (P=0.01) analyses. In conclusion,
preoperative s-JMJD6-Abs was positive in 37% of patients
with colorectal cancer and may be considered an indepen-
dent poor prognostic biomarker.

Introduction

The jumonji domain-containing protein 6 (JMJDG6) plays
a vital role in epigenetic regulation and demonstrates the
tyrosine kinase activity (1). The JMJD6 has been reported
in cellular proliferation and migration (2). Abnormal over
expression of JMJD6 may contribute to the development of
different types of cancer (breast cancer, malignant melanoma,
oral cancer, lung adenocarcinoma, hepatocellular carcinoma,
ovarian cancer, colorectal cancer, glioblastoma, glioma) (3-11).
Overexpression of the JMJD6 gene promotes cell proliferation
and migration and enhances tumor growth in vivo (2). IMJD6
expression has been linked to a poor prognosis in lung adeno-
carcinoma, hepatocellular carcinoma, ovarian cancer, and
colorectal cancer.

JMIJD6 was reported as a regulatory gene that works with
Myc to promote tumorigenesis (12). Cancer cells in which
EMT (epithelial-mesenchymal transition) is induced acquire
invasive and metastatic potential. JMJD6 overexpression
increases tumor volume, cause EMT, and enhances invasion
in breast cancer (12). JMJIDG6 protein was found in intestinal
glands where the intestinal epithelium is constantly regener-
ating, according to Wang et al (9). These reports suggested
that JIMJD6 may be involved in intestinal cell proliferation and
may be a new biomarker for colorectal cancer development.

Generally, an immune response to aberrant tumor anti-
gens produces autoantibodies early in carcinogenesis and
the autoantibodies are frequently elevated in patients even at
early disease stages due to an antigen expression within the
tumor (13). Serum p53 autoantibodies have been reported as
the most common autoantibody and are used as a standard
biomarker in patients with colorectal cancer (14). Since the
JMID6 protein is specifically exhibited in cancer cells, it
may cause autoantibodies. Nevertheless, there are no reports
of the analysis of autoantibodies against JMJD6 in solid
cancer patients. Therefore, this study aimed to analyze the
anti-JMJD6 antibody in patients with colorectal cancer and to
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evaluate the clinicopathological and prognostic significance of
the anti-JMJD6 antibody.

Materials and methods

Patients and sera. Overall, 167 patients with colorectal cancer
who underwent radical surgery at Toho University Omori
Medical Center were evaluated between April 2007 and
May 2012. The control group comprised 96 healthy subjects
provided by a health screening clinic, Port Square Kashiwado
Clinic. The patients comprised 97 male and 70 female patients
(mean age, 64.9 years; range, 33-90 years). The pathological
stages were as follows; stage I (n=47), stage II (n=56), stage 111
(n=49), and stage IV (n=15). The control group comprised
51 healthy male and 45 healthy female (mean age, 58 years;
range, 50-76 years).

The study was conducted following the guidelines Ethical
statement of the Declaration of Helsinki and approved by the
Ethics Committee of Faculty of Medicine, Toho University
(approval no. A18103_A17052_A16035_A16001_26095_
25024_24038_22047), Chiba University Graduate School
of Medicine (approval no. 2018-320) (Japan), and Port
Square Kashiwado Clinic, Kashiwado Memorial Foundation
(approval no. 2012-001). Before surgery, serum samples were
obtained and frozen at -80°C until analysis. Written, informed
consent was obtained from all subjects. The patient's medical
records were retrospectively reviewed according to the
ethics committee of Toho University Omori Medical Center
(approval nos. M21038_20197_19213 and M21320_21039_20
200_30196_19056_18002).

Purification of recombinant JMJD6 and detection of
s-JMJDG6-antibody by amplified luminescent proximity
homology assay-linked immunosorbent assay (Alpha-LISA).
Serum samples were obtained before surgery and stored
frozen at -80°C until use. Glutathione S-transferase (GST)
and GST-fused JMJD6 proteins were purified as described
previously (15-17). s-JMJD6 Ab levels were assessed using
an amplified luminescent proximity homology assay-linked
immunosorbent assay (Alpha-LISA), as described previ-
ously (15-17). Briefly, Alpha-LISA was performed in 384-well
microtiter plates (white opaque OptiPlate, PerkinElmer)
containing either 2.5 ul of 1:100 diluted serum and 2.5 ul
of 10 ug/ml of GST or GST-JMJD6 protein in AlphaLISA
buffer (25-mM HEPES, pH 7.4, 0.1% casein, 0.5% Triton
X-100, 1 mg/ml dextran-500, and 0.05% Proclin-300). The
reaction mixture was incubated at room temperature for 6-8 h,
following which anti-human IgG-conjugated acceptor beads
(2.5 ul at 40 ug/ml) and glutathione-conjugated donor beads
(2.5 ul at 40 pg/ml) were added and incubated further at room
temperature in the dark for 1-21 days. Chemical emissions were
read on an EnSpire Alpha microplate reader (PerkinElmer).
Specific reactions were estimated by subtracting the emis-
sion photon counts of the GST controls from the counts of
GST-JIMID6 proteins.

Statistical analysis. The cutoff value for detecting colorectal
cancer was calculated using the receiver operating charac-
teristic curve. Patients with a cutoff value greater than 5,720
were categorized as serum anti-JMJD6-Ab positive. Using
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Figure 1. Comparing the serum anti-JMJD6 antibody levels between healthy
controls and patients with colorectal cancer. This figure shows the levels of
s-JMJD6-Abs examined using amplified luminescence proximity homoge-
neous assay-linked immunosorbent assay (AlphaLISA). A scatter dot plot
of s-JMJD6-Abs (Alpha photon counts) is shown. Data are presented as the
mean + standard deviation. P-values were calculated using the Mann-Whitney
U test. "P<0.05. The total sample numbers, a cutoff value are shown. The
positive rate for patients with colorectal cancer was 37%, compared to 14%
for healthy controls. s-JMJD6-Abs, serum antibodies against JMJD6.

5,720 as the cutoff value, patients with colorectal cancer were
categorized into the s-JMJD6-Abs-positive group (n=61) and
s-JIMJD6-Abs-negative group (n=106), and the following
analyses were performed.

Clinicopathologic factors and prognosis were compared
between the Ab-positive and Ab-negative groups using
the Mann-Whitney U test or Fisher's exact probability test.
Clinicopathological parameters associated with survival were
assessed by univariate analysis with a log-rank test based
on Kaplan-Meier survival curves. Multivariate analysis was
conducted using the Cox proportional hazards model. All
statistical analyses were performed using EZR (Saitama
Medical Center, Jichi Medical University; Saitama, Japan) (18),
a graphical user interface of R (The R Foundation for Statistical
Computing; version 2.13.0). P<0.05 was considered to indicate
a statistically significant difference.

Results

Comparison of s-JMJD6-Abs positivity rates. A comparison
of anti-JMJD6 antibody levels in serum from healthy controls
and colorectal cancer patients is shown in Fig. 1. The serum
antibody (s-JMJD6-Ab) levels against IMJD6 examined using
Alpha-LISA. The cutoff value for detecting colorectal cancer
was calculated using the receiver operating characteristic curve
(ROC) and determined to be 5,720 (Fig. S1). The positive rate
of s-JMJDG6-Abs in colorectal cancer was significantly higher
than that of healthy controls (37 vs. 14%, P<0.05; Fig. 1). The
associations of positivity of s-JMJD6-Abs, CEA, CA19-9, and
p53-Abs are shown in Fig. 2. Overall, 20 patients (12%) were
solely positive for s-JMJID6-Abs. Therefore, entirely negative
patients for tumor markers were reduced from 88 (53%) by
combinatory use of CEA, CA19-9 to 49 (29%) by combinatory
use of CEA, CA19-9, p53-Abs and s-JMJD6-Abs (Fig. 2).
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Figure 2. Relationship between positive serum tumor marker findings in patients with colorectal cancer. A total of 20 patients (12%) were solely positive for
s-JMJD6-Abs. Therefore, entirely negative patients for tumor markers were reduced from 88 (53%) by combinatory use of CEA, CA19-9, p53-Abs to 49 (29%)

by combinatory use of CEA, CA19-9, p53-Abs and s-JMJD6-Abs. CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; s-JMJD6-Abs, serum
antibodies against JMID6.

CEA/CA19-9/p53-Abs
M JMJD6-Abs
Il CEA/CA19-9/p53-Abs/s-JMJD6-Abs

100 )

LTS
90

80

70

60

50

Positive rate (%)

40

30 —

20 —

10 —

Stage | Stage Il Stage IlI Stage IV
(n=47) (n=56) (n=49) (n=15)

Figure 3. Comparison of positivity rates for CEA + CA19-9 + p53-Ab combination with that for CEA + CA19-9 + p53-Ab + s-JMJD6-Abs among patients
with colorectal cancer according to the tumor stage. The P-values were calculated by Fisher's exact probability test. Combinatory use of all four markers
significantly increased the positive rate than the combinatory use of CEA, CA19-9, and p53-Ab. "“P<0.01, ‘P<0.05. CEA, carcinoembryonic antigen; CA19-9,
carbohydrate antigen 19-9; s-JMJD6-Abs, serum antibodies against JIMIDG6.

Comparisons of the positive rates according to tumor associated with tumor progression (stage I: 32%, stage 1I:
stages are shown in Fig. 3. The positive combinatory rates  41%, stage I1I: 41%, stage IV: 17%). Combinatory use of all
of CEA, CA19-9, p53-Abs were related to tumor progression  these four markers significantly increased the positive rate
(stage I: 34%, stage II: 68%, stage III: 63%, stage IV: 80%). than the combinatory use of CEA, CA19-9, and p53-Abs
Nevertheless, the positive rates of s-JMJD6-Abs were not  (Fig. 3).



4 YOSHIDA et al: PROGNOSTIC AND DIAGONOSTIC SIGNIFICANCE OF JUMONIJI DOMAIN-CONTAINING 6 ANTIBODIES

Table I. Comparison of pretreatment JMJD6-Ab level with
clinicopathological factors.

Table II. Univariate and multivariate analysis of clinicopatho-
logical factors to predict relapse-free survival.

Low High
IMIDG6- IMIDG6-
Ab group Ab group
<5,720, =5,720,
Variable n=106 (%) n=61 (%) P-value®
Sex 0.15
Female 49 (70) 21 (30)
Male 57 (59) 40 (41)
Age, years 0.03
<65 52 (73) 19 (27)
>65 54 (56) 42 (44)
Tumor depth 0.61
pT1pT2 34 (67) 17 (33)
pT3pT4 72 (62) 44 (38)
Nodal status 1
Negative 68 (64) 39 (36)
Positive 38 (63) 22 (37)
Stage 0.17
I/i/1 93 (62) 58 (38)
v 13 (81) 3(19)
Distant metastasis 0.26
Negative 94 (62) 58 (38)
Positive 12 (80) 3(20)
Histology 0.65
Muc, Poor 4 (80.0) 1 (20)
Tub 101 (63) 60 (37)
CEA, 5 ng/ml 0.20
Negative 62 (68) 29 (32)
Positive 44 (58) 32 (42)
CA19-9,37 U/ml 0.67
Negative 90 (64) 50 (36)
Positive 16 (59) 11 (41)
p53-Ab’ 0.34
Negative 79 (65) 42 (35)
Positive 21 (55) 17 (45)

“Fisher's exact probability test; "excluding eight untested cases. Muc,
mucinous adenocarcinoma; Poor, poorly differentiated adenocarci-
noma; Tub, tubular adenocarcinoma.

Comparison of clinicopathological factors between
s-JMJD6-Ab-positive and s-JMJD6-Ab-negative groups.
s-JMJD6-Ab positivity was significantly higher in the elderly
group (P=0.03). In contrast, no other clinicopathological back-
grounds demonstrated a significant association with s-JMJD6-Ab
positivity. Additionally, no correlation was noticed between
s-JMJD6-Abs and other tumor markers (Table I).

Prognostic impact of s-JMJD6-Abs. Comparisons of
prognosis between the s-JMJD6-Ab-positive group
and s-JMJD6-Ab-negative groups are shown in Fig. 4.

Multivariate analysis
Univariate
P-value®

Variable HR® 95% CI° P-value!

Sex
Male
Female

0.42

Age, years
<65
265

Tumor depth
pT3pT4
pT1pT2

Nodal status
Positive
Negative

JMJID6-Abs
>5,720
<5,720

Distant metastasis
Positive
Negative

0.27

<0.01 459 1.36-15.57 0.01

<0.01 330 1.67-652 <001

0.02 239 128446 <001

<0.01 329 152-7.14 <001

Histology
Muc, Poor
Tub

CEA
Positive
Negative

CA19-9
Positive
Negative

pS3-Ab
Positive
Negative

0.36

0.32 0.71 0.36-1.39 0.32

<0.01 226 1.06-4.81 0.04

041

“Log-rank test analysis; “adjusted HR; °adjusted 95% CI; ‘Cox
proportional hazards regression analysis. CI, confidence interval;
HR, hazards ratio. Muc, mucinous adenocarcinoma; Poor, poorly
differentiated adenocarcinoma; Tub, tubular adenocarcinoma.

Recurrence-free survival was significantly worse in the high
s-JMJD6-Ab group thanin the low s-TMJD6-Ab group (P=0.02;
Fig. 4A). Overall survival was also significantly worse in the
high s-JMJD6-Ab group than in the low s-JMJD6-Ab group
(P=0.03; Fig. 4B). When the prognosis of the antibody-positive
and antibody-negative groups was compared by stage, the
antibody-positive group had a significantly poorer prognosis
in stages I, I, and III than the antibody-negative groups. The
antibody-positive group had a worse prognosis in stage IV,
albeit this difference was not statistically significant.

For all colorectal cancers, overall survival was signifi-
cantly worse in the high s-JMJD6-Ab group than in the low
s-JMJD6-Ab group (P=0.03; Fig. 5A). On the other hand, there
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Figure 4. (A) Comparison of recurrence-free survival between the s-TMJD6-Ab-positive group and s-JMJD6-Ab-negative groups. (B) Comparison of overall
survival between the s-JMJD6-Ab positive group and s-JMJD6-Ab negative groups. The bottom row is a comparison by stage. The P-values were calculated
by log-rank test based on Kaplan-Meier. Relapse-free survival and overall survival were significantly worse in the high s-TMJD6-Ab group than in the low
s-JMJD6-Ab group (P=0.02, P=0.03). The antibody-positive group had a significantly poorer prognosis in stages I, II, and III than the antibody-negative

groups. s-JMJD6-Ab, serum antibody against IMJD6.

was no significant difference in overall survival with or without
p53 antibody (P=0.41; Fig. 5B). In p53 antibody-positive cases,
no prognostic difference was observed between the presence
or absence of s-JMJD6-Ab group (Fig. 5C). On the other hand,
among p53-Abs-negative cases, s-JMJD6-Ab-positive cases
had a worse prognosis than p53-Abs-negative cases (P=0.03,
Fig. 5D).

Univariate and multivariate analyzes of relapse-free survival.
In the univariate analysis of recurrence-free survival, tumor
depth (P<0.01), lymph node metastasis (P<0.01), distant
metastasis (P<0.01), CA19-9 positivity (P<0.01), and high
JMID6-Abs (P=0.02) were significant poor prognostic factors
regarding Relapse-free survival (Table IT). In multivariate anal-
ysis, tumor depth (P=0.01), lymph node metastasis (P<0.01),
distant metastasis (P<0.01), CA19-9 positivity (P=0.04), and
high JMJID6-Abs (P<0.01) were independent poor prognostic
factors.

Univariate and multivariate analyzes of overall survival.
Similarly, in a univariate analysis of overall survival (Table III),
tumor invasiveness (P<0.01), lymph node metastasis (P<0.01),

distant metastasis (P<0.01), CA19-9 (P<0.01) and high
IMJID6-Abs (P=0.03) were significant poor prognostic factors.
In multivariate analysis, tumor depth (P=0.03), lymph node
metastasis (P<0.01), distant metastasis (P<0.01), and high
JMID6-Abs (P=0.01) were independent poor prognostic
factors.

Discussion

This study analyzed the anti-JMJD6 antibody in colorectal
cancer patients and evaluated the clinicopathological and prog-
nostic significance of the anti-JMJD6 antibody. The positive
rate of s-JMJDG6-Abs in patients with colorectal cancer was
37%. s-IMJD6-Abs along with CEA/CA19-9/s-p53-Abs was
71%. s-JMJD6-Abs showed no correlation with TNM factors.
However, the presence of s-JMJD6-Abs was an independent
poor prognostic factor.

The mechanism by which the JMJID6 protein generates
autoantibodies is thought to be the induction of autoantibodies
due to the leakage of antigens into the blood due to overexpres-
sion in the cancer cells and subsequent cancer cell destruction.
Taking p53 as an example, in cancers with p53 mutations,
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Table III. Univariate and multivariate analysis of clinicopatho-
logical factors to predict overall survival.

Multivariate analysis
Univariate
P value®

Variable HR® 95% CI° P-value!

Sex
Male
Female

0.30

Age, years
<65
=65

Tumor depth
pT3pT4
pT1pT2

Nodal status
Positive
Negative

JMID6-Abs
=5,720
<5,720

Distant metastasis
Positive
Negative

0.24

<0.01 3.85 1.14-12.99 0.03

<0.01 370 187-734 <001

0.03 2.14  1.16-3.94 0.01

<0.01 305 143-648 0.01

Histology
Muc, Poor
Tub

CEA
Positive
Negative

CA19-9
Positive
Negative

p53-Ab
Positive
Negative

0.28

0.23 0.73 0.37-148 0.39

<0.01 2.13 0.98-4.63 0.06

041

“Log-rank test analysis; “adjusted HR; °adjusted 95% CI; ‘Cox
proportional hazards regression analysis. CI, confidence interval;
HR, hazards ratio. Muc, mucinous adenocarcinoma; Poor, poorly
differentiated adenocarcinoma; Tub, tubular adenocarcinoma.

Mdm?2, one of p53's target genes, is not induced, resulting in
increased intracellular p53 protein levels. Therefore, when
cancer cells are destroyed, many antigens leak into the blood,
and it is speculated that p53 autoantibodies also increase. It
has been reported that the JMJD6 protein is overexpressed
in many cancer cells, including colon cancer, suggesting a
mechanism similar to that of the p53 autoantibody production.

Because of the high frequency of advanced disease, the
prognosis of IMJD6 immunostaining-positive patients with
cancer was poor (2). We analyzed recurrence patterns in our
current research population between antibody-positive and
antibody-negative groups and found no significant difference in

recurrence patterns (data not shown). Interestingly, such prog-
nostic impact of JMJID6-Abs was evident in p53-Ab-negative
cases. Because JMJD6 has been reported to suppress the activity
of the tumor suppressor gene p53 via p53 hydroxylation (9),
JMID6 may suppress the activity of wild-type p53 and promote
carcinogenesis in pS3-Ab-negative cases. On the other hand, in
the case of p5S3-Ab-positive cases, since p53 is mutated and does
not function, it is thought that the presence or absence of IMID6
has little prognostic effect. s-JMJD6-Abs did not affect intracel-
lular IMJID6, suggesting that tissue destruction of cells with high
levels of IMJD6 expression increases autoantibodies. In other
words, we believe that the elevation of IMJD6-Abs is a result of
its high expression in cancer cells. Although we could not directly
compare the results with immunostaining, the antibody-positive
cases probably fared worse than the immunostaining-positive
ones. It has been reported that increased JMJID6 expression
is associated with poor prognosis in colorectal cancer (9), and
our findings imply that the s-JMJD6-AD positivity may reflect
increased JMJID6 exhibition in cancerous cells.

Since JIMJD6 works as a transcriptional and splicing regulator
for histone and non-histone proteins via arginine demethylation
or lysine hydroxylation, reducing JMJD6 enzyme activity might
be a promising new cancer therapy. For instance, inhibitors of
lysine demethylase activity are entering the clinical trials (19).
A small molecule inhibitor that can hinder the enzymatic
activity of JMJDG6 has been found (20). Such molecules suppress
JMID6-dependent cancer cell growth, including cervical cancer
cells and hepatocellular carcinoma. Therefore, JIMID6 inhibi-
tors may be a future option in cancer therapy. Clinical trials of
molecularly-targeted agents should also assess whether to target
immunostaining-positive tissue or antibody-positive patients.
An autoantibody monitoring-based treatment technique may
be effective in circumstances when monitoring the progress of
therapy or tissue biopsy is challenging.

The positive rates of s-JMJD6-Abs slightly increased in
stage II. However, no elevations were observed in stages 111
or I'V. This tendency is frequent in autoantibody markers in
colorectal cancer (21,22). The weakness of immune reac-
tions against tumor antigens in the liver metastases may be
why antibody titers decrease in stage IV patients. Notably, a
tendency for the positive rate to decrease in stage IV compared
with stage III has also been noticed in the other autoantibodies
in the different types of cancer (23). The decrease in the
autoantibody levels may be attributable to the immune system
breakdown or the absorption of autoantibodies by antigens
leaked due to excessive tissue destruction.

The limitations of this study are as follows. First, we
did not evaluate the association between protein expression
and the s-JMJD6-Ab reaction using the resected specimens
although the antibody reactions may reflect protein expression.
Second, the relationship between changes in antibody titer and
recurrence could not be analyzed because of the lack of post-
operative antibody titer changes and postoperative monitoring
data. Third, regarding the grade of malignancy, it is implied
that it is related to resistance to therapeutic drugs. Forth, rela-
tively high false positive rate in heathy controls. It was found
that the s-JMJD6-Ab-positive rate tended to be high in elderly
people aged 65 and over and men.

Antibody markers are highly sensitive and have the poten-
tial to detect early-stage cancers. Thus far, precise data on the
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Figure 5. (A) Overall survival was significantly worse in the high s-JMJD6-Ab group than in the low s-JMJD6-Ab group in patients with colorectal cancer
(P=0.03). (B) No significant difference in overall survival between the presence or absence of p53 antibody in patients with colorectal cancer (P=0.41).
(C) In p53 antibody-positive cases, no prognostic difference was observed between the presence or absence of s-JMJD6-Ab group (P=0.96). (D) Among
p53-Abs-negative cases, s-JMJD6-Ab-positive cases had a worse prognosis than p53-Abs-negative cases (P=0.03). CRC, colorectal cancer; s-JMJD6-Ab,

serum antibody against JMJD6.

recurrence and/or treatment time are limited and unusable.
In conclusion, although the presence of s-JMJD6-Abs was
not substantially connected with TNM variables or stage in
patients with colorectal cancer, it was an independent poor
prognostic factor, suggesting that it is a valuable biomarker for
predicting the malignant potential of colorectal cancer.
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