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Abstract

Background, objectives and design Arachidonic acid 15-lipoxygenase (ALOX15) has been implicated in the pathogenesis of
inflammatory diseases but since pro- and anti-inflammatory roles have been suggested, the precise function of this enzyme
is still a matter of discussion. To contribute to this discussion, we created transgenic mice, which express human ALOX15
under the control of the activating protein 2 promoter (aP2-ALOX15 mice) and compared the sensitivity of these gain-of-
function animals in two independent mouse inflammation models with Alox15-deficient mice (loss-of-function animals)
and wildtype control animals.

Materials and methods Transgenic aP2-ALOX15 mice were tested in comparison with Alox15 knockout mice (Alox157/7)
and corresponding wildtype control animals (C57BL/6J) in the complete Freund’s adjuvant induced hind-paw edema model
and in the dextran sulfate sodium induced colitis (DSS-colitis) model. In the paw edema model, the degree of paw swelling
and the sensitivity of the inflamed hind-paw for mechanic (von Frey test) and thermal (Hargreaves test) stimulation were
quantified as clinical readout parameters. In the dextran sodium sulfate induced colitis model the loss of body weight, the
colon lengths and the disease activity index were determined.

Results In the hind-paw edema model, systemic inactivation of the endogenous Alox15 gene intensified the inflammatory
symptoms, whereas overexpression of human ALOX15 reduced the degree of hind-paw inflammation. These data suggest
anti-inflammatory roles for endogenous and transgenic ALOX15 in this particular inflammation model. As mechanistic
reason for the protective effect downregulation of the pro-inflammatory ALOXS pathways was suggested. However, in the
dextran sodium sulfate colitis model, in which systemic inactivation of the Alox15 gene protected female mice from DSS-
induced colitis, transgenic overexpression of human ALOX15 did hardly impact the intensity of the inflammatory symptoms.
Conclusion The biological role of ALOX15 in the pathogenesis of inflammation is variable and depends on the kind of the
animal inflammation model.
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Introduction

The arachidonic acid 15-lipoxygenase (ALOX15) [1-4]
is one of the six human arachidonic acid lipoxygenase
isoforms and for each of these isoforms separate genes
exist in the human genome [5]. In the mouse genome an
orthologous gene was found for all human ALOX genes
and in addition a functional Aloxel2 gene was detected [6].
Its human ortholog is a corrupted pseudogene [6].
ALOX isoforms are fatty acid oxygenating enzymes,
which convert polyunsaturated fatty acids to their cor-
responding hydroperoxy derivatives [7, 8]. In vivo the
hydroperoxy lipids are rapidly converted to the more sta-
ble hydroxy derivatives or are converted to more complex
oxygenation products exhibiting pro- or anti-inflammatory
properties. Leukotrienes [9, 10] are classical pro-inflam-
matory ALOX products which are biosynthesized via the
ALOXS5 pathway. In contrast, lipoxins [11], resolvins [12,
13], maresins [14] and protectins [15] collectively called
specialized pro-resolving mediators (SPMs) exhibit anti-
inflammatory properties and have been suggested to play
important roles in inflammatory resolution [16]. Although
the biological roles of SPMs have recently been challenged
[17, 18], there is a large number of reports describing their
anti-inflammatory properties in sub-micromolar concen-
trations [16, 19]. In vivo SPMs can be formed via dif-
ferent biosynthetic pathways and the combined catalytic
activities of various ALOX-isoforms (ALOXS5, ALOX15,
ALOX15B, ALOX12) have been implicated [17, 20].
Among the various mammalian ALOX isoforms
ALOX15 orthologs are somewhat peculiar because they
exhibit a high membrane oxygenase activity [21, 22]. The
enzyme has been implicated in cell differentiation [23-25]
and in the pathogenesis of various diseases [3, 26, 27],
and many of these data were obtained in genetically mod-
ified mouse models. For loss-of-function experiments,
Alox 157~ mice [28] have frequently been used in mouse
models of human diseases [29-31]. For gain-of-function
experiments, a number of transgenic mouse lines have
been generated, in which mouse or human ALOX15 were
overexpressed under the control of different promoters.
Moderate overexpression of a transgenic mouse Alox15
construct that involved the mouse Alox15 promoter
induced the formation of atherosclerotic lesions even when
the mice were kept on a standard chow diet [32]. Trans-
genic expression of mouse Alox15 under the control of the
alpha-cardiac myosin heavy chain promoter induced heart
failure and cardiomyopathy [33, 34]. Transgenic overex-
pression of human ALOX15 under the control of the pre-
proendothelin promoter induced lesion formation in LDL-
receptor deficient mice [35] but it also inhibited tumor
growth and metastasis in two different cancer models [36].

@ Springer

When human ALOX15 was transgenically expressed under
the control of the scavenger receptor A promoter [37] the
animals were protected from aortic lipid deposition and
an augmented biosynthesis of pro-resolving mediators
has been discussed as possible reason [38]. Transgenic
mice, in which the human ALOX15 was expressed under
the control of the villin promoter [39] were protected
from the development of azoxymethane-induced colonic
tumors [40]. More recently, a transgenic mouse line was
generated, in which expression of the human ALOX15
was controlled by the Cre-lox promoter [41]. When these
mice and corresponding wildtype controls were tested in
a peripheral neuropathy model, no significant functional
differences were observed between the two genotypes [41].
In rabbits, overexpression of human ALOX15 under the
control of the lysozyme promoter induced macrophage-
specific expression of the transgene [42] and protected the
animals from aortic lipid deposition when fed a lipid rich
Western-type diet [43].

To explore the putative role of ALOX15 in adipogenesis
[44] and in the pathogenesis of metabolic diseases [31, 45,
46], we recently generated a transgenic mouse line, in which
expression of human ALOX15 was controlled by the aP2
promoter [47]. This regulatory element directs transgene
expression to adipocytes but also to hematopoietic cells such
as bone marrow cells and peritoneal macrophages. These
mice (aP2-ALOX15 mice) are viable, reproduce normally
but show subtle gender-specific differences when their body-
weight kinetics were followed during adolescence and early
adulthood [47].

Since ALOX15 has previously been implicated in the
pathogenesis of inflammatory diseases [3], we tested the
aP2-ALOX15 mice in two independent inflammatory mouse
models. We found that aP2-ALOX15 mice developed less
pronounced inflammatory symptoms than corresponding
wildtype control animals in the complete Freund’s adju-
vant (CFA)-induced hind-paw inflammation model. In con-
trast, systemic functional inactivation of the Alox15 gene
(Alox157"") induced more severe inflammatory symptoms
and taken together these data suggest an anti-inflammatory
role of Alox15 in this animal inflammation model. On
the other hand, we did not observe significant differences
between aP2-ALOX15 mice and wildtype control animals
in the dextran-sodium sulfate (DSS)-induced colitis model.

Materials and methods
Chemicals
The chemicals used for the different experiments were

obtained from the following sources: phosphate buffered
saline without calcium and magnesium (PBS) from PAN
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Biotech (Aidenbach, Germany); EDTA (Merck KG, Darm-
stadt, Germany), arachidonic acid (AA) and authentic HPLC
standards of HETE-isomers (15R/S-HETE, 12S/R-HETE,
8R/S-HETE, 5S-HETE) from Cayman Chem (distributed by
Biomol GmbH, Hamburg, Germany); acetic acid from Carl
Roth GmbH (Karlsruhe, Germany); sodium borohydride
from Life Technologies, Inc (Eggenstein, Germany); restric-
tion enzymes from ThermoFisher (Schwerte, Germany).
Oligonucleotide synthesis was performed at BioTez Berlin
Buch GmbH (Berlin, Germany). Nucleic acid sequenc-
ing was carried out at Eurofins MWG Operon (Ebersberg,
Germany). HPLC grade methanol, acetonitrile, n-hexane,
2-propanol, ethanol and water were from Fisher Scientific
(New Hampshire, United States), incomplete Freund’s adju-
vant (Fisher Scientific, New Hampshire, United States), M.
butyricum desiccated (Fisher Scientific, (New Hampshire,
United States), RNAlater (Sigma, Deisenhofen, Germany).

Animals

Transgenic mice expressing the human ALOX15 under
the control of the aP2 promoter were created as described
before [47] and homozygous allele carriers were used for
the experiments. A colony of homozygous Alox15~~ mice
[28] which were back-crossed into a C57BL/6J background
at least 8-times, was maintained as inbred line in our animal
house. All individuals were genotyped before they entered
the experiment and ex vivo activity assays with peritoneal
lavage cells and adipose tissue indicated functional disrup-
tion of the endogenous Alox15 gene (Alox15~~ mice) and
overexpression of the human ALOX15 as transgenes (aP2-
ALOX15 mice).

CFA-induced inflammation model
and plethysmographic measurement of the paw
volume

14—-16 weeks old male mice of the different genotypes were
used. The number of animals required for the experiments
(6-8 animals per genotype) were determined by biometric
calculations using previous results obtained with wildtype
mice in the CFA-induced paw edema model. After the
adaption period the hind-paw volumes of all animals (day
0) were determined (original hind-paw volumes). Then a
CFA suspension (50 pg M. butyricum dissolved in 20 pl of
incomplete Freund’s adjuvant) was injected into the foot pad
of the right hind-paw of the animals. 20 pl of 0.9% NaCl
solution was injected into the contralateral (left) hind-paw.
One group of animals was sacrificed after 2 days (Fig. 2),
for the second group the paw volumes were measured daily
until day 14 after injection (Fig. 3) using a plethysmometer
(model 37140, Ugo Basile, Gemonio, Italy). Two consecu-
tive measurements (water displacement in ml) were carried

out for each hind-paw and the mean of these two values
was used for further evaluation. At the different time points
after CFA- and NacCl injection the hind-paw volumes were
determined again and the fold-change values of the hind
paw volumes (quotients of the hind-paw volumes at the dif-
ferent time points divided by the original volumes of the
corresponding hind-paws) were quantified as readout param-
eter for paw swelling. After the animals were sacrificed, a
biopsy of the food pads was taken using a 6.0 mm biopsy
punch. This biopsy material involved skin and the adjacent
subcutaneous tissue. The biopsy material was cut into two
pieces. One half of the biopsy was shock frozen in liquid
nitrogen the other half was kept in RNAlater for gene expres-
sion studies.

von Frey test

Pain intensity towards mechanic stimulation was tested using
the von Frey test as described in Ref. [48]. The animals
were kept in the test cages daily (1-2 times for 15 min) for
accommodation, starting 6 days prior to nociceptive testing;
they were individually placed in clear Plexiglas chambers
located on a stand with anodized mesh (Model 410; IITC
Life Sciences, Woodland Hills, Los Angeles, CA, USA).
The sensitivity to mechanical stimulation was assessed
using calibrated von Frey filaments in the range of 0.054 mN
(0.0056 g) to 42.85 mN (4.37 g). The filaments were applied
until they bowed, for approximately 3 s, to the plantar sur-
face of hind-paws. The up-down method was used to esti-
mate 50% withdrawal thresholds. Testing was started using a
2.74 mN (0.28 g) filament. Depending on the reaction of the
animal, the next weaker or stronger filament was used. The
maximum number of applications was 6-9, and the cut-off
was 42.85 mN (4.37 g) according to previous studies. At the
beginning of the experiments (day 0, prior to administration
of CFA or NaCl) the original paw withdrawal thresholds
was determined. At different time points after CFA/NaCl
injection the paw withdrawal thresholds were determined
again and the fold-change of the paw withdrawal threshold
(quotient of the paw withdrawal threshold measured at the
different time points divided by the original paw withdrawal
thresholds) were determined as suitable readout parameter
for pain sensation.

Hargreaves test

Pain intensity towards thermal stimulation was measured
using the Hargreaves test as described in Ref. [48]. Mice
were accommodated to the device by placing them individu-
ally in clear Plexiglas chambers positioned on a stand with
a glass surface (Model 336; IITC Life Sciences, Woodland
Hills, Los Angeles, CA, USA), for the duration described
under paragraph 4.4. To examine the heat sensitivity, radiant
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heat was applied to the plantar surface of the hind-paws from
underneath the glass floor with a high intensity projector
lamp bulb and paw withdrawal latency was evaluated using
an electronic timer. The withdrawal latency was determined
in two consecutive measurements separated by at least 10 s
and afterwards the mean was calculated. For baseline deter-
mination, the heat intensity was adjusted to obtain a with-
drawal latency of about 10-12 s for the control paws, and
the cut-off was set at 20 s to avoid tissue damage. At the
beginning of the experiments (day O, prior to administration
of CFA or NaCl) the original paw withdrawal latencies were
determined. At different time points after CFA/NaCl injec-
tion the paw withdrawal latencies were determined again and
the fold-change of the paw withdrawal latencies (quotient of
the paw withdrawal latency measured at the different time
points divided by the original paw withdrawal latency) were
determined as suitable readout parameter for pain sensation.
Mechanical (von Frey test) and heat sensitivity (Hargreaves
test) were evaluated in the same groups of mice with an
interval of at least one hour between the tests.

DSS induced colitis model

Female 15-18-week-old wildtype (n=10) and aP2-ALOX15
mice (n=10) were divided randomly into homogeneous
groups according to their weight and age. The number of
animals required for the experiments (n =3 per genotype for
the O time point, n=4 per genotype for the 6 day time point,
n=3 per genotype for the 9 day time point) were determined
by biometric calculations using previous results obtained
with wildtype mice in the DSS-induced colitis model.
Control (no colitis) wildtype and aP2-ALOX15 mice were
sacrificed on day O (n=3/group). For induction of colitis,
mice received 2.5% (wildtype/vol) dextran sodium sulfate
(DSS; molecular weight =36.000-50.000; MP Biomedicals,
Eschwege, Germany) in the drinking water ad libitum for
5 days. Then DSS water was replaced by normal drinking
water. On the 6th (n=4/group) and 9th day (n=3/group)
wildtype and aP2-ALOX15 mice were anesthetized with iso-
flurane and sacrificed by cervical dislocation. The colon was
prepared, inspected for macroscopic signs of inflammation
and colon length was determined. To assess colitis activity,
body weight, stool consistency, and the presence of occult
or gross blood were determined.

RNA extraction and qRT-PCR

10-15 mg (wet weight) of inflamed paw tissue was prepared
2 and 14 days after CFA-injection and stored in RNAlater
solution (Sigma-Aldrich/Merck, Taufkirchen, Germany)
at — 20 °C. After thawing the tissue was cut into small
pieces using a scalpel and then homogenized in 400 ul LBP
buffer (Nucleospin RNA plus kit, Macherey—Nagel, Diiren,
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Germany) using a FastPrep24 homogenizer. Cell debris
was spun down and from the homogenate supernatant total
RNA was extracted following the instructions of the vendor
of the Nucleospin RNA plus kit (Macherey—Nagel, Diiren,
Germany). Subsequently, 500 ng RNA were reversely tran-
scribed using the Tetro Reverse Transcriptase kit (Merid-
ian Bioscience, Memphis, TN, USA, distributed by BioCat
GmbH, Heidelberg, Germany) and Oligo dT ¢ reagents as
recommended by the vendor. qRT-PCR was performed as
described before [48]. Briefly, intron-spanning amplifica-
tion primer combinations for mouse Alox5 were synthesized
(BioTez GmbH, Berlin, Germany) and external amplification
standards were prepared. The following amplification primer
combination was used for mouse Alox5: 5°-TCG AGT TCC
CAT GTT ACC GCT-3’ and 3’-CTG TGG TCA CTG GGA
GCT TCG-5’. Expression of mouse Alox5 was quantified
using standard curves (known copy numbers of the exter-
nal amplification standards) and was normalized to Gapdh
expression. qRT-PCR was performed on a Rotor Gene 3000
device (Corbett Research, Mortlake, Australia). Amplifica-
tion products were generated and the progress of the ampli-
fication process was followed using the SensiMix™ SYBR
PCR Kit (Meridian Bioscience, Memphis, TN, USA, distrib-
uted by BioCat GmbH, Heidelberg, Germany).

Preparation of peritoneal lavage cells

For preparation of peritoneal macrophages, 10 ml of PBS
was injected into the peritoneal cavity of sacrificed mice.
The belly was gently massaged for 2 min and the fluid was
removed puncturing the peritoneal cavity. Usually about
8-9 ml of cell suspension was recovered. Cells were spun
down for 15 min at 800 g and were washed twice with PBS.
Finally, the cells were reconstituted in 0.5 ml of PBS and
were used for ex vivo ALOX activity assays.

RP-HPLC analysis of the ALOX products

To quantify the amounts of ALOX products formed during
the incubation period of the ex vivo activity assays a Shi-
madzu instrument (LC20 AD) equipped with a diode array
detector (SPD M20A) was used and the hydroxy fatty acids
were separated on a Nucleodur C,¢ Gravity column (Mach-
erey—Nagel, Diiren, Germany; 250 x4 mm, 5 pm particle
size) which was coupled with a guard column (8 X4 mm,
5 pm particle size). The analytes were eluted isocratically
using a solvent system consisting of acetonitrile: water: ace-
tic acid (70: 30: 0.1, by vol) with a flow rate of 1 ml/min at
25 °C. The absorbance at 235 nm (absorbance maximum of
the conjugated dienes) was recorded and UV-spectra of the
dominant peaks recorded during the chromatographic runs
were evaluated.
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Statistical evaluation of the experimental raw data

Statistical calculations and figure design were performed
using GraphPad prism version 8.00 for Windows (Graph-
Pad Software, La Jolla, CA, USA, www.graphpad.com).
For statistical evaluation of the experimental raw data the
Student’s #-test, the Mann—Whitney U-test and two-way
repeated measure ANOVA were used.

Results

Transgenic aP2-ALOX15 mice express the transgene
in bone marrow cells

The aP2 promoter [47] directs expression of the ALOX15
transgene to adipocytes and hematopoietic cells (bone mar-
row, peritoneal lavage cells). In mouse peritoneal lavage
cells endogenous Alox15 is expressed at very high levels
but other AA 12-lipoxygenating Alox-isoforms, in particular
ALOX12, are not expressed. Thus, these cells are particu-
larly suited for ex vivo activity assays suggesting the intra-
cellular activity of the transgene. Since the transgenic human
ALOX15 is an AA 15-lipoxygenating enzyme whereas the
endogenous mouse Alox15 is AA 12-lipoxygenating it is
possible to differentiate between the catalytic activity of
the endogenous mouse Alox15 and the transgenic human
ALOX15 on the basis of the reaction products.

When we incubated peritoneal lavage cells prepared from
wildtype control mice with exogenous arachidonic acid, we
found dominant formation of 12-HETE (Fig. 1A). Small
amounts of 15-HETE were also detected and a similar prod-
uct mixture has previously been reported for peritoneal lavage
cells of wildtype mice [49]. When similar incubations were
carried out in the absence of cells (Fig. 1B) or with a heat inac-
tivated cell suspension (3 min at 90 °C) these products were not
detected. Using peritoneal lavage cells of aP2-ALOX15 mice
for the ex vivo activity assays (Fig. 1C) 12-HETE was still the
major reaction product but the relative share of 15-HETE for-
mation was clearly increased. The chemical identity of the two
major reaction products as 15-HETE (early eluting compound)
and 12-HETE (late eluting compound) was confirmed by the
UV-spectra taken during HPLC analysis using the diode array
detector (insert to Fig. 1C). When we quantified the relatives
shares of 12-HETE and 15-HETE formation by peritoneal lav-
age cells of aP2-mice and of wildtype controls (Fig. 1D) we
found that the relative contribution of 15-HETE to the sum of
the reaction products was 3.5-fold higher for peritoneal lav-
age cells prepared from aP2 mice (Fig. 1D). In contrast, the
relative share of 12-HETE formation by aP2 cells was sig-
nificantly reduced. The most plausible explanation for these
differences is that the cells of the aP2 mice express in addition
to the AA 12-lipoxygenating endogenous mouse Alox15 the

>
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normalized uv-absorbance at 235 nm
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15-HETE 12-HETE
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Fig.1 Ex vivo ALOX activity assays using peritoneal lavage cells
of wildtype control mice (C57BL/6J) and aP2-ALOXI5 transgenic
mice as enzyme source. Peritoneal lavage cells were prepared from
three different mice (n=3) of each genotype (C57BL/6J, vs. aP2-
ALOX15) and ex vivo activity assays were carried out as described
in the “Materials and methods” section. After lipid extraction the AA
oxygenation products were analyzed by RP-HPLC. Representative
chromatograms are shown. A Wildtype peritoneal lavage cells, B No
cell control incubation, C aP2-ALOX15 peritoneal lavage cells. Inset
to panel C UV-spectra taken during chromatographic run of peaks a
(15-HETE) and b (12-HETE), D Statistical evaluation of the chroma-
tographic raw data. Metabolite composition formed by peritoneal lav-
age cells prepared from three wildtype C57BL/6J (wt) mice and three
aP2-ALOX15 transgenic animals was quantified. Means +SD of the
relative shares of 12- and 15-HETE were calculated for each metabo-
lite. The degree of statistical significance **p <0.01 was determined
using unpaired #-test

AA 15-lipoxygenating transgenic human ALOX15 and previ-
ous qRT-PCR analyses have confirmed the expression of the
transgenic ALOX15 in peritoneal lavage cells [47].

These data indicate the expression of the human ALOX15
transgene in peritoneal lavage cells. If one assumes that
human ALOX15 and mouse Alox15 exhibit similar specific
catalytic activities, the transgenic human ALOX15 should be
expressed at about fivefold lower levels than the endogenous
mouse Alox15 in peritoneal lavage cells. However, in other
cells (bone marrow cells, adipocytes), in which expression
of the endogenous mouse Alox15 is not as high as in perito-
neal lavage cells, relative expression of the transgenic human
ALOX15 is much higher than that of the endogenous mouse
Alox15.
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Transgenic aP2-ALOX15 mice display diminished
paw swelling in the CFA-induced paw inflammation
model

The CFA-induced paw inflammation model [50] is a sterile
mouse inflammation model, in which an inflammatory reac-
tion is induced in the hind-paw by injection of CFA. For
control purposes an identical volume of isotonic NaCl solu-
tion is injected into the contralateral hind-paw of the same
mouse. CFA injection triggers an inflammatory response
that is characterized inter alia by an edema. This edema can
be quantified by plethysmometric determination of the paw
volume and the paw volume fold-change (quotient of paw
volume after CFA or NaCl injection divided by the origi-
nal volume of that paw before CFA or NaCl injection) can
be quantified as suitable readout parameter for the intensity
of the inflammatory reaction. As indicated in Fig. 2, CFA
injection into the right hind-paw of C57BL/6J wildtype
(WT) mice induced doubling of the paw volume two days
after CFA injection. In aP2-ALOX15 mice we also observed
an increase of the paw volume, but here the degree of paw

** p=0.0044

|
3 *** p=0.0004

|
1
2]
14

o &

=21 ©
0

wT aP2  Alox15™

Fig.2 Transgenic expression of human ALOX15 lowered the inten-
sity of CFA-induced paw swelling, but systemic inactivation of the
endogenous Alox15 gene induced an inverse effect. Genetically modi-
fied mice and corresponding wildtype control animals were main-
tained under standard conditions in the animal house of Charité.
When entering the experiments, the volumes of their hind-paws were
determined plethysmometrically (original hind-paw volumes). After
these measurements a local inflammation was induced by inject-
ing a suspension of CFA into the foot pad of the right hind-paw (see
“Materials and methods” section). For control purposes a correspond-
ing volume of isotonic NaCl solution was injected into the contralat-
eral (left) hind-paw. After two days the volumes of the hind-paws
were measured again and the degree of hind-paw swelling was quan-
tified as hind-paw volume fold change (hind-paw volume two days
after CFA or NaCl injection divided by the original hind-paw volume
before CFA or NaCl injection). This fold-change was used as readout
parameter to quantify the intensity of the inflammatory reaction. For
each genotype 16—18 male individuals (15-16 weeks old) were exam-
ined in the frame of two independent experiments. The experimen-

tal raw data were combined and evaluated using the Mann—Whitney
U-test. Means = SD are shown and calculated p values are given

paw volume fold change
treated/basal
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swelling was significantly less intense when compared with
the wildtype mice (CS7BL/6J). These data suggest that sys-
temic expression of human ALOX15 in addition to expres-
sion of the endogenous mouse enzyme attenuated the inten-
sity of the inflammatory response and thus, the transgenic
enzyme may play an anti-inflammatory role in this mouse
inflammation model.

If this conclusion is correct, systemic inactivation of
the endogenous Alox15 gene should induce more intense
paw edema formation. To test this hypothesis, we exam-
ined Alox15~~ mice and observed more pronounced edema
formation in these mice when compared with C57BL/6]
(wildtype) mice (Fig. 2).

In an independent experiment we followed the kinetics
of paw swelling during the time-course of the inflamma-
tion. From Fig. 3 it can be seen that the paw volume did not
significantly change during the time-course of 14 days when
NaCl (lower curves) was injected into the hind-paw of the
animals of the three genotypes (C57BL/6J, aP2-ALOX15,
Alox1577). In contrast, after injection of CFA into the hind-
paw of wildtype mice (green trace in the upper curve triplet)
we observed more than doubling of the paw volume one day
after CFA injection (compared to the original paw volume
before CFA injection) and this doubling is indicated by a
fold-change of about 2. Interestingly, although the degree

—— aP2_15Lox1 CFA day 1-9 :l p=0.0808
o ——  C57BL/6J CFA day 1-9 T o-o0a70
E 37 —  Alox15 * CFA day 1-9 p=0:
° ns
2 © T I 1
E 3
B o £ T g CRA
- =
°3
5%
£, ==l il T Ee e is I Nl
© = 1 -
L
Q
K]
(]
L=
0 T L] T Ll I L] T L] T l T L] T L] I

days after CFA injection

Fig.3 Transgenic expression of human ALOX15 reduced the inten-
sity of CFA-induced paw swelling during the time-course of inflam-
mation, but systemic inactivation of the endogenous Alox15 gene
had opposite consequences. The CFA-induced hind-paw inflamma-
tion model was used (see “Materials and methods” section) and the
volumes of the hind-paws (injected with NaCl or CFA) were deter-
mined each day plethysmometrically over the time period of 14 days.
The degree of hind-paw swelling (quotient of hind-paw volume at
the time points indicated after CFA or NaCl injection divided by the
original hind-paw volume before CFA or NaCl injection, see Fig. 2)
was quantified as readout parameter for the intensity of the inflamma-
tory reaction. For each genotype 6—8 male individuals (14-16 weeks
old) were included in this experiment. Means+SD are given and
the experimental raw data were statistically evaluated with two-way
repeated measure ANOVA and p values are given
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of paw swelling was reduced during the time-course of
the experiment, it did not go back to the NaCl levels. This
finding is consistent with the chronic character of the CFA-
induced inflammation model, which will hardly resolve dur-
ing the time-course of the experiment [51].

If one evaluates the kinetics of paw edema formation after
CFA injection one can differentiate two different time win-
dows. In the early time window (day 1-9) the three geno-
types follow distinct edema kinetics. In fact, the blue curve
representing the edema kinetics of the aP2-ALOX15 mice,
was consistently below the green curve recorded for wildtype
mice and statistical evaluation of the experimental raw data
indicated a borderline significant difference (p =0.0808, see
Fig. 3). In contrast, the red curve that represents the edema
kinetics for Alox15~'~ mice was consistently above the
green curve (wildtype mice) and these data suggest a pro-
inflammatory effect of Alox15 deficiency. The difference
between these two genotypes (wildtype vs. Alox1577) was
statistically significant (p =0.0379). Interestingly, the dif-
ferences between the three genotypes observed in the early
time window (day 1-9) could not be confirmed at later time
points of the experimental protocol. In fact, in the late time
window (day 10-14) not significant differences in the extent
of the paw edema was seen when the three genotypes were
compared.

Taken together, these data suggest that transgenic expres-
sion of human ALOX15 under the control of the aP2 pro-
moter attenuated the degree of inflammation in the CFA
model. In contrast, systemic inactivation of the endogenous
Alox15 gene rendered the mice more sensitive for CFA-
induced paw swelling. These results are consistent with
an anti-inflammatory activity of ALOX15 in this particu-
lar inflammation model. It should, however, been stressed
that the phenotypic alterations were only observed during
the early stages (1-9 days) of the inflammation process. At
later stages (10—14 days) there were hardly any differences
between the three genotypes.

Transgenic aP2-ALOX15 mice display reduced
mechanical sensitivity in the CFA-induced
inflammation model (von Frey test)

Pain (dolor) is one of the cardinal symptoms of inflamma-
tion and inflamed tissue exhibits an elevated pain sensi-
tivity. In other words, the degree of pain intensity may be
considered a suitable readout parameter for the severity of
inflammation. To test the pain sensitivity of the inflamed
hind-paw following mechanical stimulation we carried out
the von Frey test. As readout parameter, we determined the
withdrawal threshold of the inflamed hind-paw in g. The
lower the hind-paw withdrawal threshold, the higher the pain
sensitivity of the inflamed paw.

From Fig. 4, it can be seen that the CFA treatment
resulted in the increased sensitivity to von Frey mechani-
cal stimulation of the inflamed paw and that the degree of
the sensitivity was significantly lower for aP2-ALOX15 mice
when compared with wildtype controls. In fact, in average
the blue curve is above the green curve at most time points of
the experiments and statistical evaluation of the experimen-
tal raw data suggested a significant difference (p =0.0185)
between the two genotypes. In contrast, AloxI5~~ mice
showed a higher mechanical sensitivity since the red curve
is below the green curve at most time points of the experi-
ment. Here again, statistical evaluation of the experimental
raw suggested a significant difference (p =0.0029). These
data are consistent with the paw volume data, which are
illustrated in Fig. 3.

On the other hand, we observed an interesting difference
between the kinetics of the paw volume alteration (Fig. 3)
and the sensitivity of the mice for mechanical stimulation
of the pain sensation (Fig. 4). When the paw volume was
used as readout parameteraP2-ALOX15 mice were only
protected during the early phases of the experiment (day
1-9). At later stages (days 10-15) there was no differences
any more when wildtype mice and aP2-ALOX15 mice were
compared (Fig. 3). When the sensitivity of the animals for
mechanical stimulation of pain sensation was used as read-
out parameter (Fig. 4) inversed kinetic were observed. Here
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Fig.4 Transgenic expression of human ALOX15 reduced mechani-
cal sensitivity in the CFA-induced inflammation model, but systemic
inactivation of the endogenous Alox15 gene had opposite functional
consequences. The CFA-induced hind-paw inflammation model was
used (see “Materials and methods” section) to test the sensitivity of
the inflamed hind-paw to mechanical stimulation (von Frey test, see
“Materials and methods” section). The paw withdrawal threshold (in
g) was determined for the hind-paws of all animals at the time points
indicated. This procedure was repeated daily over the entire time
frame of the experiment (day 1-14). For each genotype 6-8 male
individuals (14-16 weeks old) were included. Statistical evaluation
of the experimental raw data was carried out with two-way repeated
measure ANOVA. Means+SD at each time point and p values are
given
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aP2-ALOX15 mice were only protected at later time points
(days 8—15) whereas no differences were detected at earlier
stage (days 1-7) of the inflammation reaction. The molecular
basis for the different kinetics of the two different readout
parameters (extent of the inflammatory edema vs. inflam-
matory pain) has not been explored. However, it might be
possible that in this particular inflammation model formation
of the inflammatory edema, which is a direct consequence
of fluid transfer from the blood stream into the inflamed tis-
sue, is a fast process that rapidly follows CFA injection. In
contrast, induction of inflammatory pain might be more time
consuming and will take a couple of days to fully develop.

Transgenic aP2-ALOX15 mice display reduced heat
sensitivity in the CFA-induced inflammatory model
(Hargreaves test)

To obtain additional measures for pain sensitivity of the
inflamed paw we applied the Hargreaves test that quantifies
the heat sensitivity of the inflamed tissue. For this purpose,
a CFA suspension was injected into the right hind-paw pad
and NaCl into the left hind-paw pad of the mice (day 0). At
the time points indicated the hind-paw withdrawal latency
was quantified as measure of pain sensitivity.

As indicated in Fig. 5 CFA treatment reduced the paw
withdrawal latency for all genotypes (compared with NaCl
injected hind-paws) and these data indicate that the CFA-
injected hind-paws were more sensitive to heat than their
NaCl injected counterparts. Most interestingly, the degree
of sensitization was significantly lower for aP2-ALOX15
mice when compared with wildtype animals. In fact, the
blue curve in Fig. 5 (lower curve triplet), which repre-
sents the heat sensitivity of aP2-ALOX15-KI mice, was
above the green curve (wildtype control mice) at most time
points of the experiment and we observed a significant dif-
ference (p =0.0089) between the two genotypes. In con-
trast, when we compared the paw withdrawal latencies of
Alox157~ mice (red curve) with the corresponding data of
wildtype control animals (green curve) we found that the
red symbols were below the green symbols at most time
points of the experimental protocol and statistic evaluation
of the experimental raw data indicated a significant differ-
ence (p=0.0168) between the two genotypes. These data
confirm the observation made in the von Frey test (Fig. 4).

Expression of the pro-inflammatory Alox5
is reduced in aP2-ALOX 15 transgenic mice

We have previously reported that systemic disruption of
the mouse Alox15 gene activated the Alox5 pathway in
peritoneal lavage cells and bone marrow cells [47]. In con-
trast, transgenic expression of human ALOX15 inactivated
the Alox5 pathway in these two genotypes [47]. If this
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Fig.5 Transgenic expression of human ALOX15 reduced the sensi-
tivity to heat in the CFA-induced inflammation model, but systemic
inactivation of the endogenous Alox15 gene had no functional con-
sequences. The CFA-induced hind-paw inflammation was induced
as described in “Materials and methods” section and the sensitivity
of the inflamed tissue to heat was analyzed using the Hargreaves test
(see “Materials and methods” section). The paw withdrawal latencies
were determined as readout parameter. For each genotype 6—8 male
individuals (14-16 weeks old) were included in the experiment and
individual paw withdrawal latencies were determined each day. Sta-
tistical evaluation of the experimental raw data was carried out with
two-way repeated measure ANOVA. Means +SD are shown at each
time point and p values for comparison of the different genotypes are
given

regulatory response does also occur in other pro-inflamma-
tory cells such as neutrophils, monocytes or lymphocytes,
the inactivation of the Alox5 pathway might contribute to
the anti-inflammatory effect of transgenic expression of
human ALOX15 in aP2-ALOX15 mice.

To test this hypothesis, we quantified the expression of
Alox5 mRNA in the inflamed paw tissue of wildtype mice
and aP2-ALOX]I5 mice at day 2 and day 14 following CFA
administration. From Fig. 6 it can be seen that 2 days after
CFA injection Alox5 mRNA was only present at low levels
in the inflamed paw of wildtype mice. In contrast, much
higher expression levels of Alox5 mRNA were detected at
day 14 suggesting that in this particular inflammation model
Alox5 does not belong to the immediate early genes of
inflammation. Next, we compared the Alox5 mRNA expres-
sion levels in CFA-treated wildtype mice and aP2-ALOX15
mice and found that 2 days after CFA injection Alox5
expression was higher in wildtype mice when compared with
aP2-ALOX15 animals and the difference was statistically sig-
nificant. 14 days after CFA injection, Alox5 mRNA levels
were more than sevenfold elevated in wildtype mice when
compared with aP2-ALOX15 (p <0.0001) (Fig. 6).

In summary, one can conclude that transgenic expres-
sion of human ALOX15 in the CFA-induced inflammation
reduces the expression levels of the pro-inflammatory Alox5
pathway and this regulatory response might contribute to
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Fig.6 Expression of Alox5 mRNA in the inflamed paw tissue of
wildtype mice and ap2-ALOXI5 mice in the CFA-induced inflam-
mation model. The CFA inflammation was induced as described
in “Materials and methods” section. Inflamed tissue was prepared
from 5 animals of each genotype 2 and 14 days after CFA adminis-
tration and stored in RNAlater at -80° C. After thawing total RNA
was extracted, aliquots were reversely transcribed and qRT-PCR was
carried out employing external amplification standards for Alox5 and
Gapdh. The Alox5 mRNA copy numbers were quantified per 10°
Gapdh mRNA copy numbers and two independent PCR runs were
carried out for each RNA extract. The experimental raw data were
statistically evaluated with the Student’s #-test and the p values for the
comparison of the two genotypes are given. Means + SD are shown

the anti-inflammatory effect of transgenic ALOX15 expres-
sion observed in the CFA inflammation model (Figs. 2, 3,
4, and 5).

Transgenic ALOX15 expression does hardly impact
the inflammatory response in the DSS colitis model

DSS colitis is a frequently employed mouse model of gut
inflammation [52, 53] and we have previously reported that
systemic inactivation of the Alox15 gene protected female
mice from the development of inflammatory symptoms [54].
However, when Alox15-deficiency was crossed into an fat/
overexpressing background the protective effect of fatl over-
expression was reduced [55]. Thus, systemic inactivation of
the endogenous Alox15 gene indicated antagonistic effects
in wildtype and fatl overexpressing mice.

To explore the impact of transgenic expression of human
ALOX15 in the mouse DSS-colitis model we administered
to the mice 2.5% DSS in the drinking water for five consecu-
tive days. Afterwards the DSS-containing drinking water
was replaced with fresh drinking water and the body weight
kinetics of wildtype mice and aP2-ALOX15 animals were
recorded over a time period of 9 days. From Fig. 7A, it can
be seen that both, wildtype mice and aP2-ALOX5 mice,
started losing body weight at day 5 of the experimental pro-
tocol and this loss of body weight is a consequence of enteral
loss of body fluid. During this time period there was no

A

1104
) p =0.6376 p=0.1130
s | T
2
-5’ 100
-a -1
3
>
©
2
_g 901 —@— wildtype
E -@- aP2-ALOX15
] removal of DSS

80- ¢

0 2 4 6 8 10
time [days]

disease activty index
colon length [cm]

day 0 day 6 day 9 day 0 day 6 day 9

Fig.7 Transgenic expression of human ALOXI15 under the control
of the aP2 promoter did hardly impact the intensity of inflammatory
symptoms in the DSS-colitis model. DSS-colitis was induced in 10
female wildtype (C57BL/6J, 15-18 weeks old) mice and 10 female
aP2-ALOX15 animals (same age) by daily administration of 2.5%
DSS in the drinking water for five consecutive days. Before enter-
ing the experiments (first administration of DSS) the absolute body
weights of all animals were determined. The means of these body
weights for each genotype were set 100% and the relative individual
body weights were determined each day. For control measurements
three individuals of each genotype were sacrificed and the readout
parameters (disease activity index, colon lengths) were quantified.
For the remaining seven individuals of each genotype the relative
body weight kinetics were determined and at day 6 of the experi-
mental protocol the DSS containing drinking water was removed.
Four individuals of each genotype were sacrificed, colon lengths and
DAI were determined and the remaining three individuals of each
genotype were kept on normal drinking water for additional 3 days.
Finally, the remaining animals were also sacrificed and the DAI and
colon lengths were quantified. Means +SD are given and statistical
evaluation was carried out using two-way repeated measure ANOVA.
A Body weight kinetics, B Disease activity index, C colon length

difference between the two genotypes (p =0.6376). Inter-
estingly, at later time points the bodyweight curves for the
two genotypes deviated from each other and aP2-ALOX15
mice showed a more severe losses of body weight. In fact,
the green bodyweight curve (wildtype mice) was consist-
ently above the blue curve (aP2-ALOX15 mice) and statisti-
cal evaluation (two-way repeated measure ANOVA) of the
two curves suggested a borderline significance (p =0.1130).
According to these data aP2-ALOXI15 mice lose more
body weight than the wildtype control animals and thus,
transgenic expression of human ALOX1S intensifies the
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inflammatory symptoms. In other words, expression of the
transgene induces a pro-inflammatory effect.

When the disease activity index (DAI) was measured as
readout parameter for the intensity of enteral inflammation
(Fig. 7B) we found that at day 6 and day 9 aP2-ALOX15
mice showed increased DAI values compared to wildtype
mice. The difference was statistically significant at day 6
but not significant at day 9 (p =0.2500). No significant dif-
ferences between the two genotypes were observed when
the colon lengths were compared (Fig. 7C). Taken together,
these data suggest that transgenic expression of human
ALOX15 under the control of the aP2 promoter does not
protect from DSS-induced colitis as it was the case in the
FCA paw edema model (Figs. 2, 3, 4, and 5). In fact, in the
DSS-colitis model (Fig. 7A—C) we rather observed a trend
for a pro-inflammatory effect of aP2-ALOX15 transgene
expression.

Discussion
Degree of novelty and advancement of knowledge

Mammalian ALOX15 orthologs have been implicated in cell
differentiation [23-25] and in the pathogenesis of inflamma-
tory [3, 56], hyperproliferative [57, 58] metabolic [31, 59]
and neurological diseases [60, 61] but the precise role of the
enzyme in inflammation is far from clear. In different animal
inflammation models pro- and anti-inflammatory roles have
been suggested for Alox15 and most of these in vivo data
originate from loss-of-function studies using Alox15~'~ mice
[28] or gain-of-function research strategies employing differ-
ent types of transgenic Alox15 overexpressing animals. To
explore the biological role of ALOX15 in endothelial cells,
expression of an ALOX1S5 transgene construct was regulated
by the preproendothelin promoter [35, 36]. For functional
studies investigating the biological role of the enzyme in
macrophages the promotor sequences of the lysozyme [38]
or the scavenger receptor A genes [37] were used. For cell
specific expression of the ALOX15 transgene in gut epithe-
lial cells the villin promoter was employed [39, 62]. How-
ever, cell-specific expression the an ALOX15 transgene in
adipocytes has not been reported so far. We recently cre-
ated transgenic mice which express human ALOX15 under
the control of the aP2 promoter and these mice overexpress
human ALOX15 in adipocytes of white adipose tissues
[47]. Expression of endogenous Alox isoforms in adipose
tissue is minimal and thus, our aP2-ALOX15 mice are par-
ticularly suited to study the potential role of ALOXI5 in
adipose tissue. When we profiled transgene expression in
other cells of the aP2-ALOX15 mice we observed high levels
of ALOX15 mRNA and catalytic activity in hematopoietic
cells such as bone marrow cells and macrophages [47]. Since
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macrophages play an important role in the pathogenesis of
inflammatory diseases, we tested the aP2-ALOX15 mice in
two types of animal inflammation models and found that
transgenic expression of human ALOX15 under the con-
trol of the aP2 promoter partly protected the mice from the
development of inflammatory symptoms in the CFA-induced
hind-paw inflammation model (Figs. 2, 3, 4, and 5) and
these data suggest an anti-inflammatory role of the trans-
genic enzyme. However, in the DSS-induced colitis model
transgene expression did not reduce the intensity of the
inflammatory symptoms. In fact, we even observed a trend
for more intense inflammatory symptoms in aP2-ALOX15
mice, but the differences to wildtype control individuals
were not statistically significant (Fig. 7A, B). If one puts
the experimental data obtained with the aP2-ALOX15 mice
into the context of previous literature reports on the potential
role of ALOX15 in inflammation one may conclude that the
enzyme may exhibit pro- and anti-inflammatory properties
depending on the type of the animal inflammation model.

Limitations of the study

The aP2-ALOX15 mice used in this study have been charac-
terized comprehensively with respect to their basic biologi-
cal characteristics [47]. They are viable, reproduce normally
and do not show major developmental defects. Although
gender-specific differences were observed when the body
weight kinetics of aP2-ALOX15 mice and wildtype control
animals were recorded during adolescence and early adult-
hood. The differences were rather subtle and hardly impacted
post-partal development [47]. However, the most serious
limitation of these mice is their mixed genetic background.
Although we determined the site of transgene incorporation
into the genome and although whole genome sequencing did
not reveal major genomic aberrations it cannot be completely
excluded that genetic background differences between the
aP2-ALOX15 mice and wildtype control animals may have
contributed to the observed anti-inflammatory effect in the
CFA model.

Despite their structural similarities (mouse and human
ALOX15 orthologs share a high degree of amino acid con-
servation) the two ALOX15 orthologs exhibit remarkable
functional differences. The human enzyme converts free AA,
DHA and ALA mainly to the n-6 hydroperoxy derivatives
[63—65]. In contrast, the major oxygenation products of these
substrates by the mouse ortholog are the n-9 derivatives [28,
49]. On the other hand, when free LA was offered as sub-
strate both enzymes form a similar product mixture [64].
The molecular basis for the different reaction specificities
of the two ALOX15 orthologs has been explored [66—69]
and the Triad Concept [2, 70] explains this difference.
According to the Evolutionary Hypothesis of mammalian
ALOX15 orthologs the vast majority (< 95%) of terrestrial
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mammals including those of marine mammals [71] express
AA 12-lipoxygenating (n-9) ALOX15 orthologs [72]. Inter-
estingly, most mammals ranked in evolution above gibbons
including extinct and extant human subspecies express AA
15-lipoxygenating ALOX15 orthologs and these data sug-
gested a systematic alteration of the functional enzyme prop-
erties during late mammalian evolution [72]. The evolution-
ary driving force for the targeted alteration in the reaction
specificity of mammalian ALOX15 orthologs is still a matter
of discussion but a broader substrate specificity of the AA
15-lipoxygenating and their higher biosynthetic capacity for
anti-inflammatory SPMs [72, 73] might confer an evolution-
ary advantage to Hominidae.

Before we started to generate the aP2-ALOX15 transgenic
mice tested here we needed to decide whether we should
use human or mouse ALOX15 as transgenic enzyme. Since
both ALOX15 orthologs exhibit different functional prop-
erties (AA 15-lipoxygenation by human ALOX15 vs. AA
12-lipoxygenation by mouse Alox15) this question was very
relevant for functional studies of these animals. After inter-
nal discussions we decided to employ the human ALOX15
as transgene since according to the evolutionary hypothesis
this enzyme constitutes an ALOX15 ortholog, the functional
properties of which have been optimized during late primate
evolution [72, 73]. This evolutionary optimization might be
of particular relevance, when the transgenic mice will be
tested in animal inflammation models. AA 15-lipoxygenat-
ing enzyme orthologs including human ALOX15 exhibit an
improved biosynthetic capacity for specialized pro-resolving
mediators compared to AA 12-lipoxygenating orthologs
[72, 73]. Thus, transgenic expression of the evolutionary
less optimized mouse Alox 15 (this enzyme is AA 12-lipoxy-
genating) was likely to exhibit less pronounced anti-inflam-
matory effects. On the other hand, no AA 15-lipoxygenating
ALOX-isoforms are present in mice. In other words, in mice
and in most other mammals the AA cascade is functional
in the absence of 15-HETE formation. Transgenic expres-
sion of human AA 15-lipoxygenating ALOX15 might lead
to disturbance of other pathways of the AA cascade and such
disturbance might contribute to the observed effects. In other
words, transgenic expression of human ALOX15 may induce
more pronounced anti-inflammatory effects (advantage) but
it also makes the AA cascade of the aP2 mice more complex
(disadvantage).

Inhibition of the Alox5 pathway might contribute
to the anti-inflammatory effect of transgene
expression in the CFA-induced inflammation model

As indicated in Figs. 2, 3, 4, and 5 transgenic overexpression
of human ALOX15 under the control of the aP2 promoter
partly protected the aP2-ALOX15 mice in the CFA model.
Such anti-inflammatory effects of ALOX15 expression have

been reported before and in some of these reports the forma-
tion of anti-inflammatory SPMs has been discussed as mech-
anistic reason for the observed effects [38]. When we char-
acterized the Alox5 pathway in peritoneal lavage cells and
bone marrow cells of aP2-LOX15 mice we recently observed
that expression of the human ALOX15 transgene reduced the
catalytic activity of endogenous Alox5. If a similar repres-
sive effect exists in the inflamed paws, suppression of the
Alox5 pathway by transgenic ALOX15 expression would
offer an alternative explanation for the observed anti-inflam-
matory effect of transgenic ALOX15 expression. To test this
hypothesis, we quantified the steady state concentrations of
endogenous Alox5 mRNA in the inflamed paw tissue. We
observed that Alox5 expression is significantly reduced in
the inflamed paw tissue of aP2-ALOX15 mice when com-
pared with wildtype control animals (Fig. 6). Because of
its biosynthesizing capacity for pro-inflammatory leukot-
rienes ALOXS is considered a classical pro-inflammatory
enzyme [10, 74] and the ALOX15 induced repression of
Alox5 expression observed here might contribute to the anti-
inflammatory activity of transgene expression.

The finding that introduction ALOX15 transgene into the
mouse genome down-regulates the expression of the pro-
inflammatory Alox5 may not be considered the exclusive
reason for the protection of the aP2-ALOX15 mice in the
CFA-induced paw edema model. It is still possible that other
mechanisms such as an augmented biosynthesis of anti-
inflammatory and/or pro-resolving mediators [11-16] may
also contribute. Unfortunately, we do not have the required
analytical devices for LC-MS/MS based oxylipidome profil-
ing in our lab and thus corresponding experiments could not
be carried out in the frame of this study.

Variable roles of Alox15 in different types of colitis
models

Since mammalian ALOX15 orthologs have been impli-
cated in different inflammation models Alox15~'~ mice
have previously been tested in DSS-induced colitis. When
compared with outbred wildtype control animals female
Alox15~'~ mice developed less intense inflammatory
symptoms and the protective effect of Alox15 deficiency
has been related to a less pronounced impairment of the
intestinal epithelial barrier function [54]. Considering
this data, one would expect that transgenic expression of
human ALOX15 would induce a more severe inflammatory
reaction. Although the aP2-ALOX15 mice experienced an
elevated loss of body weight (Fig. 7A) and although colon
shortening was more pronounced (Fig. 7B) the observed
differences between the two genotypes did not reach the
level of statistical significance. As possible explanation for
these unexpected findings the following reasons may be
discussed: (i) In general, systemic knockout of a defined
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gene cannot always be compensated by transgenic overex-
pression of the same gene since expression regulation of
the endogenous gene might be different for the endogenous
gene and for the transgene. (ii) In Alox15~~ mice expres-
sion of the endogenous Alox15 is blocked in all cells and
tissues. In contrast, in aP2-ALOX15 mice human ALOX15
is only in a small number of cells and tissues and we did
not detect significant expression of the transgene in the gut.
(iii) In Alox15~'~ mice biosynthesis of 12-HETE is impaired
since one of the major 12-HETE synthesizing pathways is
silenced. Human ALOX15 forms 15-HETE as major AA
oxygenation product [65] and thus, the biosynthetic capacity
for 12-HETE, which is downregulated in Alox15~"~ mice,
may not be re-elevated by transgenic expression of human
ALOX15.

Transgenic fat! mice, which are rich in endogenous n-3
PUFAs, are protected in the DSS-induced colitis model [75]
but additional systemic inactivation of the Alox/5 gene coun-
teracted this protective effect [55]. In contrast to wildtype
mice, in which systemic inactivation of the AloxI5 gene
protected the animals [54] from the development of inflam-
matory symptoms the same genetic manipulation leads to
more intense inflammatory symptoms in fatl mice [55]. In
other words, systemic inactivation of the Alox15 gene has
anti-inflammatory consequences in wildtype mice but pro-
inflammatory consequences in fat/ mice. Thus, the patho-
physiological consequence of Alox15 deficiency depends on
the functional state of PUFA metabolism.

Conclusions

Transgenic mice expressing human ALOX15 under the
control of the activating protein 2 promoter (aP2-ALOX15
mice) are partly protected in the complete Freund’s adju-
vant (CFA)-induced hind-paw inflammation model and these
data suggest an anti-inflammatory effect of the transgene
enzyme. In contrast, the intensity of inflammatory symptoms
was hardly altered when aP2-ALOX15 mice were tested in
the dextran-sodium sulfate-induced colitis. Here we even
observed a trend for more intense inflammatory symptoms
in the aP2-ALOX15 mice. These data suggest that human
ALOX15 exhibits variable (pro-inflammatory and anti-
inflammatory) functions in different animal inflammation
models and this conclusion is consistent with previously
published results.
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