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Abstract

Lysyl oxidases (LOX) catalyze collagen and elastin cross-linking but also facilitate tumor genesis and progression. In this study, we used a monoclonal antibody
directed against LOX like-4 (LOXL-4) on pancreatic cancer tissue specimens of 103 patients to examine its diagnostic and prognostic value. In 88.3% of pancreatic
cancer specimens, LOXL-4 was detectable, whereas it could not be shown in benign oral mucosa control specimens. The level of LOXL-4 expression strongly
correlated with T stage and lymph node status but not with occurrence of distant metastases or overall patient survival. These results substantially strengthen the
existing immunohistochemical studies on LOXL-4 in different malignomas and clearly suggest a diagnostic value of LOXL-4 in pancreatic carcinoma and do

contribute to the ongoing discussion about to what extent LOXL-4 might be a suitable marker in cancer diagnosis and progression.

Abbreviations: LOXL: Lysyl Oxidase-Like; TNM: Tumor, Nodes,
Metastases; FCS: Fetal Calf Serum

Introduction

Due to the aggressive nature and disadvantageous prognosis,
patients suffering from pancreatic cancer still show 5-year survival of
as little as 1% [1] and survival time of a few months only [2]. Both
incidence and mortality have barely changed over the past 20 years,
with diagnosis still happening late [3]. Consequently, it is desirable to
improve diagnosis and enable an earlier start of therapy, possibly by
determine new markers for (early) diagnosis.

Lysyl oxidases are a group of enzymes best known for catalyzing
cross-linking of collagen and elastin [4]. They mediate important
activities in tumor genesis and progression, such as increased cellular
growth and cell migration [5]. In gastric cancer it was shown that
LOX-family enzymes catalyze cellular invasion in surrounding
tissue [6]. The study presented here aimed to examine the LOXL-4
expression in pancreatic cancer and analyze its possible prognostic
and diagnostic value by means of immunohistochemistry. For this
purpose, we examined 103 confirmed pancreatic cancer specimens
immunohistochemically. LOXL-4 expression was correlated with
tumor stage, lymph node status, occurrence of distant metastasis and
overall patient survival.

Material and methods

Patients

Patient characteristics were as follows: 57 (55.3%) males; 46
(44.7%) females. Age at diagnosis: 35.1 to 85.3 years, median age:
65.4 years. After surgery patients were followed until death or until
September 2013, median follow-up: 6.31 years (range 0.12 to 14.24
years). Tissue samples were obtained between 1999 and 2013 during
surgery at the University Medical Center Schleswig Holstein (UKSH)
Campus Kiel. Fresh frozen samples of histopathologically confirmed
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pancreatic cancer (n=103) were available for this study. All samples
were obtained following informed consent; the study was approved
by the local Ethics Committee (A 110/99). The TNM classification and
staging was performed according to the UICC criteria from 2002. The
data necessary for statistical evaluation were obtained from the UKSH
Campus Kiel data base.

Immunohistochemistry

The fresh frozen sections (4-5 pm) were dried; the endogenous
peroxidase was blocked by 100ml methanol plus Iml 30% hydrogen
peroxide. Remaining enzyme activity was inhibited by applying a fetal calf
serum (FCS) / phosphate buffer saline (PBS) solution (60pl FCS in 2ml PBS
[0.15 NaCl, 2.5mM KCl, 15mM NaH2PO4, 15mM Na2HPO4, pH 7.4]).

Primary monoclonal anti-LOXL-4 antibody (in-house production)
was added to the samples for 1 h at room temperature, followed by
incubation with a biotin-conjugated secondary antibody (Dako,
Hamburg, Germany) at room temperature for 1 h. The optimum
concentration of the primary antibody (1 : 400) was determined
using serial dilutions of highly purified synthetic peptide as described
previously [7,8].

A labeled peroxidase complex system (ABC-Vectorstatin, Dako,
Hamburg, Germany) was used to visualize all immune reactions.
Sections were counterstained with Mayer’s haematoxylin. Negative
controls were obtained by omission of the primary antibody and by
incubating the primary antibody with specific blocking peptide in a
five- to ten-fold molar excess before staining.
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The evaluation of the specimens was performed by two
independent examiners who were not familiar with the clinical records
using a light microscope (Zeiss Axioplan, Hamburg). For assessing of
the histological specimens, the portion of positively stained cells in
five areas was determined at x400 magnification, a total of 300 cells
per specimen were analyzed. Afterwards the specimens were grouped
in four different categories according to the percentage of positively
stained cells: Negative <5%, weak 5-30%, moderate 31-75% and strong
>75%. For statistical analysis negative and weak and moderate and
strong samples were pooled respectively.

Statistical analysis

Immunohistochemical data were analyzed using Fisher’s exact test
followed by chi-square test (SPSS 20.0). For Kaplan-Meier survival
analysis the primary statistical end point was overall survival; defined
as time from diagnosis to date of last follow-up or death. Testing the
prognostic value of LOXL-4 expression Log rank tests were performed
and p-values <0.05 defined significant differences between groups.

Results

Distribution of LOXL-4 expression in pancreatic carcinomas

LOXL-4 expression could be detected in 91 (88.3%) of the 103
examined pancreatic cancer specimens. Of these 91 positive cases 24
(23.3%) showed weak, 32 (31.7%) moderate and 35 (34.0%) strong
LOXL-4 expression respectively. Typical staining patterns of negative,
weak, moderate and strong LOXL-4 expression is depicted in Figurel.

LOXL-4 expression correlates with T stage

The distribution of the LOXL-4 expression pattern in relation
to T-status of the tumors is shown in Figure 2. Due to incomplete
data comparison of LOXL-4 expression and T stage could only be
performed for 95 samples. For statistical analysis, tumors with negative
and weak expression and tumors with moderate and strong expression
were grouped. Likewise, tumors with T1 and T2 stage were pooled
and tumors with T3 and T4 stage were pooled. Of the 95 pancreatic
cancer specimens 8 (8.4%) samples were T1/T2 with negative / weak
LOXL-4 expression, 23 (24.1%) samples were T3/T4 showing negative
/ weak LOXL-4 expression. Further 4 (4.2%) samples were T1/T2 with
moderate / strong LOXL-4 expression and the remaining 60 (63.2%)
samples were T3/T4 with moderate / strong LOXL-4 expression
(p=0.011).

LOXL-4 expression correlates with lymph node status

The distribution of the LOXL-4 expression pattern in relation to
lymph node status of the tumors is shown in Figure 3. Comparison of
LOXL-4 expression and lymph node status could only be performed for
96 samples due to incomplete data. For statistical analysis, tumors with
negative and weak expression and tumors with moderate and strong
expression were again pooled. Of the 96 pancreatic cancer specimens
16 (16.7% samples each were either N[0] or N[1] and showed negative
/ weak LOXL-4 expression. Among the samples with moderate /
strong LOXL-4 expression 10 (10.4%) were N[0] and 54 (56.3%) N[1]
(p=0.001).

LOXL-4 expression does not correlate with the occurrence of
distant metastases

Comparison of LOXL-4 expression and occurrence of distant
metastases was performed for 98 samples due to incomplete data.
For statistical analysis, tumors with negative and weak expression
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Figure 1. Inmunohistochemical staining of LOXL-4.

Figures 1A to 1D show, negative (A), weak (B), moderate (C) and strong
immunohistochemical staining of LOXL-4 in pancreatic cancer specimens. Figure 1
E shows benign oral mucosa specimen serving as negative control. Magnification of all
images was 200.

and tumors with moderate and strong expression were grouped. Of
the 98 cancer specimens 28 (28.6%) were M[0] with negative / weak
LOXL-4 expression and 4 (4.1%) were M[1] showing negative / weak
LOXL-4 expression. Of those samples with moderate / strong LOXL-4
expression 58 (59.2%) were M[0] and 8 (8.2%) were M[1] (p=0.597).

LOXL-4 expression does not correlate with overall patient
survival

To not only study the possible diagnostic value of LOXL-4, we next
correlated LOXL-4 expression with overall patient survival to determine
its potential prognostic value. However, again due to incomplete data
files, survival data could only be calculated for 76 patients. As shown
in Figure 4 no significant correlation between LOXL-4 expression and
overall patient survival was found (p = 0.715) when grouping negative
and weak stained tumors versus moderate and strong stained ones.
Two-year survival rates for patients negative and weak as wells as
moderate and strong LOXL-4 expression was both 36.5%. The 5-year
survival rates for patients with negative and weak LOXL-4 expression
was 0%, whereas it was 6.1% for patients with moderate and strong
LOXL-4 expression.
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Figure 2. LOXL-4 expression in correlation with T stage.

Immunohistochemical staining of LOXL-4 in pancreatic cancer specimens in relation to T
stage are shown. Black parts of the columns indicate negative, dark grey areas weak, grey
ones moderate and light grey areas strong LOXL-4 staining.
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Figure 3. LOXL-4 expression in correlation with lymph node status.

Immunohistochemical staining of LOXL-4 in pancreatic cancer specimens in relation to
lymph node status are shown. Black parts of the columns indicate negative, dark grey areas
weak, grey ones moderate and light grey areas strong LOXL-4 staining.

Discussion

Previously we could show that LOXL-4 mRNA was highly up-
regulated in squamous head and neck cancers (HNSCC) when
compared to normal epithelial cells [7], these results could be confirmed
by immunohistochemistry. In addition a significant correlation
between LOXL-4 expression and lymph node metastases and higher
tumor stage was detected in HNSCC [8]. However, in patients with
primary head and neck cancer LOXL-4 expression had no effect on
overall survival although patients with highly positive LOXL-4 nodal
metastases showed prolonged albeit not significant overall survival [7].

In the study presented we examined LOXL-4 expression, by means
of immunohistochemistry, in 103 patients with pancreatic cancer and
correlated the expression data with TMN stages of the tumors and
performed Kaplan-Meyer analysis to correlate the expression data
with overall survival of the patients. Overall LOXL-4 was present in
88.3% of pancreatic cancer specimens, with similar results being found
in HNSCC [8]. Similar, as previously shown for HNSCC [8] tumor
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staging was significantly correlated with increased LOXL-4 expression
in the here analyzed pancreatic cancer specimens. Different results,
however, were obtained in a breast cancer mouse model, where LOXL-
4 knockdown resulted in enhanced tumor growth [?]. Correlating
LOXL-4 expression with lymph node status also revealed a positive
correlation between these two factors, again with similar results seen in
HNSCC [8] and in a rat model for prostate cancer [10]. Interestingly,
no correlation between LOXL-4 expression and the occurrence of
distant metastases could be found (Tables 1-5). This is in contrast to
our previous data obtained in HNSCC [8] but might contribute to the
ongoing discussion regarding the either tumor promoting or tumor
suppressing role of LOXL-4 in different cancer entities. For example
HNSCC showed increased LOXL-4 expression after becoming
invasive and metastasizing, when compared to non-invasive and non-

Table 1. Distribution of LOXL4 expressions in pancreatic carcinomas.

Expression level LOXL4

- 12 (11.7%)
Low <30 %

+ 24 (23.3%)

. ++ 32 (31.7%)
High >30 %

+++ 35 (34%)

Total 103

Table 2. LOXL4 as a diagnostic marker for differentiation between low-grade and high-
grade tumors.

T stage Sensitivity = Specificity
LoxLs | TUT2 | T3T4 | gy (Positive - (negative |, o
Low-grade High-grade predictive | predictive
[n] [n] value) value)
-1+ 8 (66.7%) 23 (27.7%) 31 (32.6%) |  72.3% 66.7%
. . 0.011
A+ 4(33.3%) 60 (72.3%) 64 (67.4%) | (81.8%) (53.8%)
Total [n] | 12 (100%) 83 (100%) | 95 (100%)

Table 3. LOXL4 as diagnostic marker for differentiation between positive and negative
lymph node status.

Lymph node status Sensitivity | Specifity
LOXL4 Total[ny =~ (POSitive | (megative ' oo
NO [n] NI [n] predictive | predictive
value) value)
-+ 16 (61.5%) 16 (22.9%) 32 (33.3%)  77.1% 61.5%
. . 0.001
410 (38.5%) 54 (77.1%) | 64 (66.7%) | (84.3%) (50%)
Total [n] | 26 (100%) | 70 (100%) | 96 (100%)
© — High expression
g - - Low expression
f p—
= p=0.715
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Figure 4. LOXL-4 expression in correlation with the occurrence of distant metastasis.

Immunohistochemical staining of LOXL-4 in pancreatic cancer specimens in relation to the
occurrence of distant metastasis are shown. Black parts of the columns indicate negative,
dark grey areas weak, grey ones moderate and light grey areas strong LOXL-4 staining.
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Table 4. LOXL4 expression in relation to the occurrence of distant metastases.

Presence of distant metastases

Sensitivity (positive Specifity (negative

LOXL4 MO [n] M1 [n] Total [n] predictive value) predictive value) P-Wert
-/+ 28 (32.6%) 4(33.3%) 32(32.7%) 66.7% 32.6%

+H/+++ 58 (67.4%) 8 (66.7%) 66 (67.3%) (12.1%) (87.5%) o

Total [n] 86 12

Table 5. Overall patient survival in relation to LOXL4 expression levels.

LOXL4 expression Total number [n] Events [n] Censoring [n]
Low <30 % 23 20 (87%) 3 (13%)
High >30 % 55 42 (76,4%) 13 (23.6%)

Total [n] 78 62 (79.5%) 16 (20.5%)

metastasizing tumors [8]. In other studies, however, LOXL-4 showed
tumor suppressive properties. Analyzing LOXL-4 expression in either
normal human prostate specimens or in prostate malignancies revealed
a loss of LOXL-4 expression during progression to metastasis [11].
Similarly in an animal model LOXL-4-knockout rat kidney fibroblasts
showed tumor-like transformation exhibited carcinogenic effects when
transplanted into mice [12]. Csiszar and coworkers showed that loss or
reduction of LOX function during colon cancer development is a direct
consequence of somatic mutations of the LOX gene within the 5q23.1
region and is associated with colon tumor pathogenesis, with loss or
reduction of LOX function contributing to tumor progression [13].

The effect of LOXL-4 as a prognostic marker is also discussed
with some controversy. In the study presented here, no significant
correlation between LOXL-4 expression and overall survival of
patients with pancreatic cancer could be seen, however 6.1% of the
patients with moderate or strong LOXL-4 expression were still alive
after 5 years whereas none of the patients with negative or weak LOXL-
4 expression were alive 5 years after diagnosis. Similarly, HNSCC
patients with highly positive LOXL-4 nodal metastases also showed
prolonged albeit not significant overall survival [7]. In line with these
observations are the results by Choi and coworkers, demonstrating
a significant correlation between weak LOXL-4 expression and poor
overall survival in breast cancer patients [9]. The same correlation
between low LOXL-4 expression and overall survival rates and higher
cumulative recurrence was reported in patients with hepatocellular
carcinoma [14]. In nasopharyngeal cancer, on the other hand, high
LOX expression correlated with decreases in 5-year survival, overall
survival, distant metastasis-free survival and disease-free survival [!5].
The reasons for the different patients’ outcome dependent on LOXL-4
expression still remain unclear.

Conclusion

The data presented here investigating the role of LOXL-4 as
prognostic and diagnostic marker in 103 histological confirmed
pancreatic cancer specimens contribute to the ongoing discussion about
to what extent LOXL-4 might be a suitable marker in cancer diagnosis
and progression. The data strengthen the notion that the function of
the LOX4 is context-dependent due to its either tumor-suppressing
or tumor-promoting properties in different cancer entities. Therefore,
further investigations are needed to understand the circumstances
under which LOX4 may be set as a therapeutic target in cancer therapy.
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