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Human Neutrophil Peptides 1-3 – Early
markers in development of colorectal
adenomas and carcinomas
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Abstract. Expression of Human Neutrophil Peptides (HNP) 1–3 was recently found to be associated with development of
colorectal cancer. Raised defensin-expression in tumours is believed to stem from increased infiltration of neutrophils into tumour
environment.
To further specify the role ofα-defensins in tumourigenesis and progression, HNP1–3 were analyzed in colorectal adenomas and
carcinomas of 87 patients and quantified in relation to cancer stage and grading. Using the ProteinChip arrays, HNP1–3 were
found upregulated in both colorectal adenomas and carcinomas. By combining the array with Laser capture microscopy we were
able to confirm that HNP1–3 are expressed by tumour cells but not by neutrophils or other tumour invading cells. These findings
suggest thatα-defensins are more likely to contribute to tumour growth than they are to mount an effective host anti-tumour
response. However, the amount of HNP-expression was not found to be related to tumour stage, grading, and serological tumour
markers.
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1. Introduction

It is known that the intestinal mucosa is not on-
ly a physical barrier but also acts as part of the in-
nate and adaptive immune system. Antimicrobial and
chemotactic peptides, including defensins, seem to be
key components of this mucosal immunity [19]. The
widespread expression of defensins in epithelial cells
of the gastrointestinal tract suggests that they play an
important role in the maintenance of a stable cell- and
microbial population. This includes preventing inva-
sion of host tissues by luminal bacteria and ingested
pathogens [7].
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HNP1–3 are part of theα-defensin family of pep-
tides, which in humans include six known members.
They are normally synthesized in neutrophil precursor
cells, and released by mature circulating neutrophils at
inflammatory sites. Raised HNP1–3 expression from
intestinal epithelial cells was also observed in active
inflammatory bowel disease [8]. Furthermore, two re-
cent studies confirmed, that colorectal tumorigenesis
was proven to be associated with the regulation ofα-
defensinsin vivo [1,2,13]. Development of colorectal
carcinomas (CRC) and adenomas is known to be as-
sociated with chronic mucosal inflammation and ex-
posure to dietary carcinogens. However, most of the
adenomas do not proceed to undergo further malignant
transformation suggesting that the risk of tumour de-
velopment is determined by both genetic and environ-
mental factors. The impact of the mutation of theApc
gene on defensin gene expression through activation of
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theβ-catenin signaling pathway highlights this associ-
ation [3].

In previous tests we already identified HNP1–3 with
significant different expression patterns between nor-
mal colonic mucosa and carcinoma using ProteinChip
technology [13]. The ProteinChip Array was used as a
screening method of protein lysats of tumour tissue and
normal mucosa, where in the low range (2–20 kilodal-
tons), more than 100 peaks were detected with normal-
ized intensities. Three peak masses between 3.40 and
3.50 kilodaltons with remarkably lowPvalues were
selected for further characterization and identified as
Human Neutrophil Peptides (HNP) 1–3 by immunode-
pletion [13]. To ensure that the localized HNP1–3 are
identical to the peaks found by ProteinChip analysis,
IHC-positive and -negative cell areas were obtained by
tissue laser microdissection in previous tests [13]. In
protein lysates from the positive fraction, signals iden-
tical in mass to the peaks obtained with the initial Pro-
teinChip analysis were detected. In the protein lysate
from the negative fraction, these peaks were not visible.

Based on our earlier results, the objectives of this
study were (1) to measure HNP expression also in
colonic adenomas and (2) to examine the role ofα-
defensins in the clinical progression of CRC.

2. Materials and methods

2.1. Laser microdissection of tissue sections

Experiments and collection of tissue samples have
been approved by the ethical committee of the Univer-
sity of Jena. Ninety-nine samples of colorectal adeno-
mas, carcinomas, and normal colonic mucosa were ob-
tained following colorectal surgery or endoscopy and
snap frozen in liquid nitrogen immediately after resec-
tion, and stored at−80◦C. Tumour specimens were
categorized according to UICC- and WHO classifi-
cation. Laser microdissection was performed with a
Laser Microdissection and Pressure Catapulting Mi-
croscope (LMPC; Palm, Bernried, Germany) as de-
scribed elsewhere [11]. Approximately 3000 to 5000
cells from native air-dried cryostat tissue sections were
microdissected within 20 minutes, excluding inflam-
matory areas within the tumour. Proteins were extract-
ed by a lysis buffer (100 mmol/L Na-phosphate (pH
7.5), 5 mmol/L EDTA, 2 mmol/L MgCl2, 3 mmol/L
2-β -mercaptoethanol, 0.1% CHAPS, 500µmol/L leu-
peptin, and 0.1 mmol/L PMSF) for 30 minutes on ice.
After centrifugation (15 minutes; 15.000 rpm), the su-
pernatant was immediately analyzed or frozen in liquid
nitrogen for a maximum of 1 day.

2.2. Profiling of microdissected normal colon
epithelium, adenoma and carcinoma tissue

The protein lysates from microdissected tissues (tu-
mour, adenoma and normal) were analyzed on both
strong anion exchange arrays (SAX2) and weak cation
exchange arrays (WCX2; Ciphergen Biosystems Inc,
Fremont, CA) as described elsewhere [11]. Array spots
were preincubated by a washing/loading buffer contain-
ing 100 mmol/L Tris-buffer, pH 8.5, with 0.02% Triton
X-100 for SAX arrays and 100 mmol/L Tris-buffer, pH
4.5, with 0.02% Triton X-100 for WCX arrays followed
by application of 2µL sample extract on ProteinChip
arrays, which were incubated at room temperature for
90 minutes in a humidity chamber. After washing 3
times with the same buffers and 2 final washing steps
with water, 2× 0.5µL sinapinic acid (saturated solu-
tion in 0.5% TFA/50% acetonitrile) was applied. Mass
analysis was performed in a ProteinChip Reader (PBS
II, Ciphergen Biosystems Inc, Fremont, CA) accord-
ing to an automated data collection protocol. Cluster
analysis of the detected signals and the determination
of respectivePvalues for normal and tumor tissue were
carried out with the Biomarker Wizard Program (ver-
sion 3.0; Ciphergen Biosystems Inc). ForPvalue cal-
culation, spectra with at least 10 signals in the range be-
tween 2 and 20 kilodaltons exhibiting a signal-to-noise
(S/N) ratio of at least 5 were selected and analyzed with
the Mann–WhitneyU test for nonparametric data sets.

2.3. Characterization of proteins by
immunohistochemistry

Eight-micrometer cryostat sections of colon cancer
and adenoma tissue and normal colon epithelium were
placed on slides, air dried for 60 minutes at 20◦C, and
fixed in paraformaldehyde as described previously [11].
After fixation, slides were treated in the microwave at
80 watts (3× 3 minutes) in 10 mmol/L citric acid, pH
6.0, to inhibit endogenous peroxidatic activity. Sub-
sequently, they were rinsed twice with TBS, pH 7.4,
and incubated overnight at 4◦C in a humidity chamber
with the corresponding primary monoclonal antibody
againstα-defensins 1–3 (T-1034; BMA Biomedicals;
Augst, Switzerland). Slides were rinsed 3× 10 min-
utes in TBS and incubated at room temperature for 40
minutes with the secondary biotinylated monoclonal
antibody (Santa Cruz Biotechnology, Santa Cruz, CA).
Slides were rinsed 3× 10 minutes in TBS and the Vec-
tastain Elite ABC kit (Vector Laboratories,Burlingame,
CA) and the Jenchrom pxbl-kit (MoBiTec, G̈ottingen,



H. Mothes et al. / Human Neutrophil Peptides 1-3 – Early markers in development of colorectal adenomas and carcinomas125

Germany) were used according to the manufacturer’s
instructions to visualize antibody localization. Neg-
ative controls were incubated with the labelled sec-
ondary antibody only. Sections cut in parallel to the
IHC-treated sections were stained by H&E for better
identification of different tissue areas. IHC staining
was evaluated by a Pathologist and an Anatomist.

The 1-photon laser-scanning microscopy was per-
formed with a LSM 310 (Carl Zeiss, Oberkochen-Jena,
Germany) in the transmission mode using an Argon-
ion laser at a wavelength of 480 nm. In most cases,
Zeiss objective NEOFLUAR 40X/1.30 oil was used at
a scanning time of 60 seconds [9].

2.4. Evaluation of clinical and serological parameters

Serum was collected from patients following in-
formed consent on the morning of their operation at 7
am; the patients were all starved from midnight, and
whilst lying in bed had already received 1000 ml of
normal saline overnight. One serum tube was sent to
the lab for centrifugation within 6 hours and was then
snap frozen in liquid nitrogen. Another serum tube was
sent to the hospital lab for evaluation of full white blood
count, C-reactive protein and the gastrointestinal tu-
mour markers carcinoembryogenic antigen (CEA) and
CA19-9. Clinical and serological parameters were then
collected and prepared for statistical analysis.

2.5. Statistical analysis

Statistical analysis was performed using the SPSS
software package. For analysis of the quantitative pa-
rameters, the T-Test was used if normal distribution
could be confirmed by Kolmogoroff-Smirnow test. The
Mann Whithney test was used for comparison of quanti-
tative parameters with tumour stages and grading. The
direct correlation between quantitative parameters was
analyzed using the Pearson’s test for dependent vari-
ables. P-values of less than 0.05 were considered as
indicating a significant difference.

3. Results

3.1. Microdissection and protein profiling of
differential expressed protein peaks

For our study, areas corresponding to approximately
3000 to 5000 cells per tissue probe were excised, and
65 tissue sections (29 adenoma and 36 normal colonic
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Fig. 1. Representative examples of SELDI-TOF MS spectra of colon
adenoma, CRC and normal colon epithelium. Data are obtained
using SAX2 array. The three peaks correspond to HNP 2 (3.4 kDA),
HNP 1 (3.47 kDa) and HNP 3 (3.5 kDa).

epithelium tissues) dissected. All protein lysates from
the microdissected tissues were applied to SAX2 and
WCX arrays and analyzed on a ProteinChip Reader
and compared to the profiles of 34 colon cancer tissue
samples, which were previously examined, with the
same method [13]. After evaluation with the Biomark-
er Wizard Program (Ciphergen Biosystems Inc), three
peak masses (Fig. 1) of approximately 3.40 (P = 6.9
× 10−6), 3.47 (P = 2.62× 10−5), and 3.50 kilodal-
tons (P = 2.04× 10−4) that possessed remarkably low
Pvalues were identified as Human Neutrophil Peptides
(HNP) 1–3.

3.2. Localization of HNP 1–3 by
immunohistochemistry

To confirm identification of HNP1-3 and, above all,
to localize HNP1–3 in tissue sections, we examined
their expression in 10 different colon cancer tissues,
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Fig. 2. Immunohistochemistry (IHC) of HNP1-3 visualized by normal microscopy. Cytoplasmatic HNP1-3 staining of epithelial cells is preferably
seen in apical areas. Normal colonic mucosa shows weak intensity (A, magnification of 80x); colonic adenoma (B, 80x) and carcinoma (C, 120x)
exhibit a strong positive reaction.

adenomas and adjacent normal tissue sections using
immunohistochemistry (IHC). Normal colonic epithe-
lium showed a weak positive reaction (Fig. 2A). On
the other hand, tumour tissue (adenoma and carcino-
ma) displayed an explicitly strong reaction (Fig. 2B and
2C). Negative controls without the primary or with no
antibody at all demonstrated negative results. A posi-
tive stain for HNP1–3 could also be found in fibroblasts
and macrophages of the mucous membrane.

3.3. Quantification of proteins; clinical and
serological parameters

87 patients were included in this study with a mean
age of 66.8 (44–92) years. 44 patients were female
(51%). Defensin-expression was found to be indepen-
dent from age and sex of the patients. Correlation be-
tween HNP 1, 2, and 3 was constant throughout all
tests.

The characteristic signals between 3.40 and 3.50
kDa showed an increased expression in samples de-
rived from colorectal adenomas (P = 2.6× 10−2) and
carcinomas (P = 6.3× 10−6) as compared to normal
colonic mucosa; also significantly discriminating be-
tween both CRC and adenoma tissue (P = 1.6× 10−4)
respectively. The distribution of the intensities for the
different tissues is shown in Fig. 3. Representative ex-
amples of SELDI-MS spectra from colorectal adeno-
ma, carcinoma, and normal mucosa are given in Fig. 1
ranging between 3.2 and 3.8 kDa. Further characteris-
tic peaks have been found and corresponding proteins
identified as described elsewhere [10,12].

To correlate clinical data with protein profiles, a
group of 39 previously examined patients with CRC
was specified, in which clinical and serological da-
ta were available. As described earlier, expression
of HNP1-3 was higher in CRC cells (median 9.98
ng/ml (standard deviation 14.11) as compared to nor-

mal colonic mucosa (0.70 ng/ml (1.96) as analyzed by
a specific ELISA [13]. The quantities of HNP1, 2, and
3 showed a strong correlation to each other. Results
were crosschecked and found similar for all stages of
the UICC-classification (Table 1). Using the Mann-
Whithney-U-Test,expression of defensins derived from
tumour was then compared to TNM staging and grad-
ing. Taking HNP1 as a representative for all three neu-
trophil peptides, the values did not show any statistical
significance in relation to invasiveness of the tumour
(T), lymph node involvement (N), metastatic disease
(M), and grading (G) (Table 1). In addition, CEA,
CA19-9, CRP and WBC levels in serum were correlat-
ed with the expression of HNP1-3 in CRC tissues, but
no correlation could be determined withP -values of
0.83 for CEA, 0.13 for CA19-9, 0.68 for CRP and 0.25
for the white blood count.

4. Discussion

Based on our earlier results, we now evaluated
whether HNP expression is already raised in colonic
adenomas, which might highlight its relation to early
tumorigenesis. In a recent study, elevated concentra-
tions of HNP1-3 were found in colorectal cancer com-
pared to normal colonic tissue [1]. These results were
based on SELDI-TOF/MS, the same technique used in
our study. However, tissue screening was performed
by comparing protein lysates of tissue samples without
microdissection. It could therefore, not be determined
whether the peptides were produced by colon cancer
cells or by tumour infiltrating neutrophils [1].

The additional use of microdissection prior to tumour
analysis is essential to separate epithelial or mesenchy-
mal tumour cells from tumour stroma, pre-existent tis-
sue components, necrotic and apoptotic areas, or areas
with inflammation [17]. Thus, the lack of proteins from
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Fig. 3. The distribution of the intensities of 3,47 kDa peak in colon adenoma samples (adenoma), CRC samples (carcinoma) and normal colon
epithelium samples (normal). The spectra were obtained using SAX2 arrays. X-axis indicates the sample groups, Y-axis the intensity (µA).

Table 1
The mean value and SD (ng/ml) of HNP1 concentrations in
extracts of colon cancer tissue in relation to tumor stage ac-
cording to the UICC- and TNM-classifications and grading
(ELISA-test). No significant differences found in relation
to the clinical progress of the tumour.

n HNP 1
UICC classification

stage 1 7 21.24 (17.97)
stage 2 12 6.58 (11.38)
stage 3 6 4.19 (8.39)
stage 4 8 17.17 (15.49)

Invasiveness
T1 1 17.2
T2 8 3.67 (15.56)
T3 19 11.46 (11.35
T4 5 8.22 (21.12)

Lymph node involvement
N0 20 11.46 (15.0)
N1 7 3.24 (15.52)
N2 5 9.98 (14.02)
N3 1 12.86

Metastases
M0 25 8.12 (14.25)
M1 8 17.17 (14.92)

Grading
G2 22 9.98 (16.2)
G3 11 11.31 (10.83)

other contaminating tissues assures a high degree of
reproducibility, because inhomogeneity is eliminated
during the collection step [6]. Therefore, microdissec-
tion offers the possibility of reducing the complexity of
the proteome by using a defined cell population [17].
Its compatibility with ProteinChip technology has been
shown in different studies [5,15,16,18]. However, for

the analysis of proteins from tumour tissue, two prob-
lems needed to be solved: firstly, the tissue heterogene-
ity of samples, and secondly, the heterogeneity of the
tumour itself. An adequate solution could be found
for the first problem separating epithelial tissue from
connective tissue with LMPC. Tumour heterogeneity
in respect to transscriptomes and proteomes is morpho-
logically difficult to recognize and therefore cannot be
completely deciphered by microdissection [11].

With our results, it could be clarified for the first
time, that HNP1-3 are expressed in colon carcinoma
and adenoma cells and not by infiltrating neutrophils.
To further specify how this expression was associat-
ed with cancer development, we correlated HNP ex-
pression with UICC classification, TNM stages, and
grading of the tumour. HNP1-3 were raised in all
CRC compared to normal colonic mucosa and adeno-
mas without showing differences according to tumour
stage and grading. This is in agreement with the re-
sults of a recent study [2], where increased expression
of HNP1-3 in CRC tissue was not found to be related
to Dukes’ classification. It seems that HNP1-3 are al-
ready raised in early tumour stages in comparison with
normal colonic mucosa, but then remain on this level,
without increasing according to the malignant potential
of the tumour.

Therefore the question was raised whether HNP1-3
is already found elevated in pre-malignant lesions of the
colon. Indeed, defensins were also expressed at a high-
er rate in adenomas as compared to normal mucosa, but
to a lesser extent than in cancer tissue. These results,
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together with the histological evidence that HNP1-3
are expressed in CRC cells and not in surrounding tis-
sue, make the association between HNP-expression and
CRC development highly probable.

Sinceα-defensins are known as peptides with an-
timicrobial and chemotactic function, we firstly ex-
amined a possible relation between HNP expression
and (tumour related) local and systemic inflammation.
Firstly, our histological sections did not show higher
invasion of neutrophils in relation to tumour stage (da-
ta not shown). Furthermore, apart from a weak cor-
relation between C-reactive protein (CRP) and expres-
sion of HNP1 and HNP2 in normal colonic mucosa,
leucocytes and CRP did not show any association with
the stage of CRC according to the UICC classification.
However, it was not the aim of this study to fully ex-
clude any correlation between defensin-expression of
tumour cells with any inflammation within the tumour
environment. Further investigations regarding this top-
ic are currently under progress.

Our results suggest that HNP1-3 are abundant in
adenomas and CRC. In active inflammatory bowel dis-
ease, where HNP1-3 were also found to be expressed in
high amounts, it is not clear whether epithelial expres-
sion of HNP1-3 is induced by the inflammatory state
or whether the peptides are released by adjacent neu-
trophils and taken up by the epithelial cells [8]. Here it
is believed that the peptides provide protection against
microbial invasion in response to damage of the mu-
cosal barrier. HNP1-3 are known to stimulate epithelial
cells of the bronchial wall to upregulate interleukin-8
production [14], a potent neutrophil chemotactic factor.
Thus, it was suggested that upregulated expression of
HNP1-3 in tumours may primarily originate from in-
vading immune cells, but could be initiated by HNP1-3
producing cancer cells [1]. However, since HNP1-3
were also found to be elevated in adenomas, this hy-
pothesis was not supported by our results. We rather
assume that HNP1-3 are not yet known members of an
inflammatory peptide network [4] within tumours that
is known to regulate communication between tumour
and stroma cells and therefore influence cell survival,
proliferation, and differentiation.
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