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Mouse serum amyloid A (SAA) proteins isolated by two-dimensional electrophoresis:
characterization of isotypes and the effect of separate and combined administrations
of cytokines, dexamethasone and lipopolysaccharide (LPS) on serum levels and
isotype distribution
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SUMMARY

Hydrophobic interaction chromatography and two-dimensional electrophoresis were used to isolate and
characterize mouse SAA, and to study thevivo effect of separate or combined administrations of
cytokines, dexamethasone (DEX) and LPS on mouse SAA. Four SAA spots containing partial amino
acid sequence in accordance with mouse apoSAAL and apoSAAZBAB 59 were demonstrated in
serum. One of these proteins represents a previously undescribed, acidic acute-phase mouse SAA
protein. Both DEX and interferon-gamma (IFNproved to be capable of increasing SAA serum levels.

In contrast to what has been shown in previgusivo studies, administration of IL-6 did increase the

SAA levels to nearly the same magnitude as IL-1, and the effect of IL-6 and LPS on SAA production
was not significantly altered by the addition of DEX. Irrespective of the inflammatory stimuli that was
administered, a non-selective production of SAA1 and SAA2 was observed in most groups, including
the group that received IL-6. The results illustrate that data obtained about mouse SAA are highly
dependent on which models, isolation and identification methods are used.
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INTRODUCTION inflammation [12]. The effects of cytokines on SAA production,
SAA proteins constitute a superfamily of mainly 12-kD acute- and their interaction with glucoco_rtlcostemlds_ during _the acu_te-
phase response, have been studied largely in hepatic cell lines,

phase proteins [1]. In the mouse, four SAA genes (SAAL, SAA2, . . .
: = analysing SAA mRNA and/or the total protein concentration [13—
SAA3, SAA4) have been characterized [2-4] The mouse SAA17]. In these studies it has been shown that IL-1 and IL-6 act in

gg);t)ltygi'ca\oznsgiigf E%Aimgf '%ac'd;’l ?meSS:;:m’ Sp;)l( Iss_gtypes_synergism [15-17], and that glucocorticoids potentiate the effect
’ ’ ’ ' E/J ’ JL/J -

nave e cene [5-1, SARd reviusly e o s Sanst OKES o SKA podhcton 161 bn mcuse pesia and
[4], is the constitutive variant, and the remaining isotypes compris . p . Y - ) PEeCts
the acute-phase mouse SAA proteins [1]. investigated by using separate administrations of cytokines, com-

Based on immunological cross-reactivity, sequence homologgmed with ELISA techniques for quantification of total SAA [18—

and kinetic studies, SAA is believed to be the precursor of protelrhlgj'rén ;i(l;?:t'%?;;sét%ﬁAc:?:rszg n Jzofteinbg ?N%?gﬂgigznn;f
amyloid A (AA), the major protein component of secondary ydrophobic | ' graphy ! !

amyloid deposits [10]. The latter is a serious complication Ofelectrophore5|s with immobilized pH gradients (HIC/2-D IPG)

some chronic inflammatory diseases, and in various species [?2]' .Z'D IPG is currently the most powerful .t00| to resolve
has been speculated whether AA is derived specifically from eithePrOtemf5 [23], an.d a number of novel SAA variants have been
SAA1 or SAA2, or from both (reviewed in [11]). recognlze_d by this technique [24]. .
The hepatic synthesis of acute-phase proteins is modulated b The ams (.)f the present study were to characterize mouse
cytokines, which mediate protective and destructive events o AA |sotypes isolated by a small_scal_e HIC/2-D IPG [25], and
to use this method to study thm vivo effect of separate
Correspondence: C. Foyn Bruun, Department of Paediatrics, Institute off combined administrations of dexamethasone (DEX), LPS
Clinical Medicine, University of Tromsg, 9037 Tromsg, Norway. and various cytokines on SAA production, as judged from
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the distribution of individual isotypes, and the total amount of SAA PVDF membranes, and material from a total of eight blots from
in serum. each spot of interest was subjected to N-terminal amino acid and
cyanogen bromide (CNBr) cleavage studies [25].

In two spots, co-migration of proteins was found. To ensure
that this was not caused by non-optimal isoelectric focusing
Materials conditions, N-terminal analysis was also performed on material
Recombinant mouse cytokines were obtained from Sigma (Sseparated in the pH 3-10 gradient, and on the area of the PVDF
Louis, MO). DEX was obtained from Merck, Sharp & Dome membranes which was located between the spots of interest (when
(Haarlem, The Netherlands), and LPBs€herichia coliserotype  separated in the pH 4-7 gradient). Sequence searches were

MATERIALS AND METHODS

026:B6) was purchased from Difco Labs (UK). performed with the FASTA and Tagldent programs, which can
be accessed through SwissProt (http://expasy.hcuge.ch/).
Methods Image acquisition and data analysiSilver-stained 2-D gels

Induction of inflammation Animal experiments were con- were scanned by a Molecular Dynamics (Switzerland) laser den-
ducted in accordance with the appropriate standards for thsitometer, and image computer analysis was carried out using the
regulatory agencies in Norway. Ten to fourteen-week-old C57Bl/MelView Tool in the Melanie 1l 2-D software package (BioRad,

6 mice (Charles River Labs, Sultzfeld, Germany) of both genderSwitzerland) [26]. All images were located in the pH 4—7 and 14—
weighing = 30g, were used. Animals received i.p. injections of 94-kD range. In addition to the quantification studies, MelView
cytokines, DEX and LPS, and were divided into groups accordingwvas also used to match the gels of all groups with that of the control
to Table 1. IL-1 and tumour necrosis factor (TNF) dosages weregroup.

based on a previous study [21], and DEX was administered Quantification MelView automatically calculates spot
according to high dosage in humans1®@mg/kg). IL-6 and volumes by integrating the optical density values within the spot
interferon (IFN) doses were chosen on the basis of a pilot studyareas. For each group of animals, absolute figures for SAA were
in which lower doses (500 ng/10 000 U) did not yield a satisfactoryobtained by dividing the spot volumes of the SAA spots of interest
SAA response. Cytokines were diluted in PBS, to a total injection(spots 1, 2 and 3) with the total volume comprised by all spots in
volume of 100-15@I per animal. Control animals received 100 the image, and multiplying by 100. The volume comprised by all
PBS. Animals were killed by i.p. injections of thiopentobarbital spots in the image thus represented an internal reference for 100%
24 h after the injections. proteins in each gel.

Small scale HIC and 2-D IPGFor the quantification studies, Total SAA levels were obtained by a summation of the
small scale HIC and 2-D IPG were performed as described in absolute figures obtained for SAA in spot 1, spot 2 and spot 3.
recent report [25]. Pooled serum (280 from three animals in ~ Amounts of individual isotypes were expressed as their relative
each group was subjected to HIC, and LO®IC eluate (corre- percentage contribution to the total SAA, when the latter
sponding to 5@l serum) were loaded onto Immobiline DryStrips constituted 100%.
pH4-7 (18cm). Because of haemolysis, Immobiline DryStrip
(18 cm) pH 3—-9 was used for group 4. Excel Gels gradient 8—18
were silver-stained according to the modification of Heukeshoven
and Dernick (Multiphor Il manual; Pharmacia, Uppsala, Sweden)No animals died after the injections.

Identification of SAAIn order to identify the SAA isotypes,
small scale HIC and 2-D IPG were used in combination with2—D electrophoresis
semidry blotting and amino acid sequence studies [25]. Serun2—D gels from groups 1-10 contained four spots of interest (spots
(960ul) from LPS-stimulated mice was subjected to HIC, and the 1-4), which were not present in the control group (Fig. 1a—d). The
eluate was distributed to a total of eight Dry Strips (pH 4-7), spots were located in the 14kD and pH 659 range, and were
loading 24Qul on each. Spots of interest were excised from thepresent in varying amounts. Another spot (spot 5) was observed

between spots 3 and 4, but with a lower molecular mass than these
spots (Fig. 1c). A group of one to three minor spots was located

RESULTS

Table 1. Numeration of groups (three animals in each) and amount of
substance administered per animal

Fig. 1. Selected, silver-stained two-dimensional electrophoresic (2-D) gels

Group no. Substance administered Dose per injection containing hydrophobic interaction chromatography (HIC) extracted
proteins from acute-phase mouse serum. Immobiline DryStrips (18 cm)
Control PBS 10Qu pH 4-7 (a—c) and 3-9 (d), ExcelGel SDS 8-18 and low molecular weight
1 LPS S50ug markers (Pharmacia) were used. Spots of interest are indicated by arrow-
2 IL1-a 500ng heads and numbers. The sequence found in spot 5 was partially in
3 IL-6 1500 ng accordance with mouse apoA2, and the protein in spot 6 could not be
4 IL1-o/IL-6 500ng/1500 ng revealed by the presented techniques. The relative focusing positions and
5 TNF« 1pg partial amino acid sequences of spots 1-3 are in accordance with SAA1
6 IFN-y 30000U (spot 1), SAA2 (spot 2) and SAA,;pl 59 (spot 3). Spot 4 represents an
7 DEX 43ug SAA2- or SAAs;3p! 5:9-like protein. In spots 2 and 3 small amounts of
8 DEX/LPS 439/50p9 SAAL1-like sequence could also be detected. (a) Control group. (b) Group 1.
9 DEX/IL-6 4-3 49/1500ug (c) Group 6. (d) Group 4. In the latter group, the five spots which are located
10 DEX/IL1-o/IL-6 4-319/50019/150019 on the basic side of the SAA spots (corresponding to pH 7—8) probably

represent haemoglobin [32].
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Table 2. Results of amino acid sequence studies of interest. Selected regions and positions of heterogeneity (bold) from the BALB/c apoSAA1 and apoSAA2

cDNA and the SAA;;pl 59 protein sequences were used as references (2, 9). With regards to position 1-32 and 76-86, the parts of the SAA2 and

SAA pl 59 sequences which are not shown are identical to the presented SAA1 sequence. For spots 1—-4, gaps in the sequence indicate positions where no
amino acids could be identified

10 20 30 76 101
BALB/c SAAl GFFSFVHEAFQGAGDMWRAYTDMEKEANWIKNSD IADQEANRHGR D
Spot 1 GFFSFVHEAFQGA M RAYTDMEKEA AN N S D
Spot 2 V H N N
Spot 3 V H
BALB/c SAA2 I6 G D G M A
SAA pI 5.9 IG G DG M D
Spot 2 GFFSFIGEAFQGAG M RAYTDMKEA AG D GD MADQEANRHG
Spot 3 GFFSFIGEAFQGA
Spot 4 FF F M AY M E A G M QE N G
in close proximity to the basic side of spot 3. For simplification,
this group of spots was designated spot 6 (Fig. la—c). An
inhomogeneous staining was observed for spots 1-3 in groups 2
(a) and 10.
15 —
Amino acid sequence analysis
Direct N-terminal analysis and CNBr-cleavage studies of spots 1—
4 revealed 13-38 positions of the murine SAA sequence (Table 2).
10l Spots 2 and 3 contained also Val and His in positions 6 and 7, and
g in spot 2 Asn was also present in positions 27 and 30 (Table 2).
3 The yield of lle and Val in positon 6 was 150:30 and
S 80:16 pmol, giving a ratio of 83 (lle):17 (Val)% in both spots 2
'_,g and 3. Position 101 in the latter spots could not be obtained by the
L 5L presented techniques. Sequence search aaMg} did not reveal
any other murine proteins than SAA1 containing these data. Thus,
the presented sequence data were partially in accordance with
mouse SAAl(spots 1, 2 and 3), and SAA2 or SAA; pl
59 (spots 2, 3 and 4) (Table 2) [2,9]. For the quantification, and
also based on differences in electrophoretic mobilities, the major
Ctr. 17 2 3 4 5 6 7 8 9 10 SAA variants that were identified in spots 1-3 were referred to as
SAA1L (spot 1), SAA2 (spot 2) and SAA pl-%(spot 3).
(b) Analysis of spot 5 yielded the N-terminal sequence - ¥als-
100 Lys/Prg-(Args)-Glng-Alaz, which is partially in accordance with

mouse apoA2. Due to either insufficient amounts of proteins
and/or N-terminal blockage, no information could be obtained from
spot 6.

75

Quantification

A variable increase of total SAA levels was seen for all groups
(Fig. 2a) Disregarding the groups in which SAA was inhomogen-
eously stained, the highest increase was seen in group 4, and the
lowest in group 6. The difference in total SAA between groups 1
and 8, and for groups 3 and 9, was 5%.

SAA1 and SAA2 comprised, respectively, 30—73% and 27—
43% of the total SAA (Fig. 2b), corresponding to 43 (SAA1) and
16 (SAA2)% variation. In eight out of 10 groups, however, the
difference between SAA1 and SAA2 wad5%. In five of these
groups (groups 3, 4, 5, 8 and 10) the relative ratios between SAA1
and SAA2 were=1:1, and in the three remaining groups (groups
1, 2 and 9) the ratio ranged from 170to 1:085.

Fig. 2. Relative SAA levels in groups 1-10. (a) Total SAA. (b) Percentage Except for group 7, where SAA pl-$ could not be detected,

contribution of each isotype to the total SAB, SAAL; 7, SAA2; ], SAA this isotype comprised 12—23% (groups 1, 2 and 8-10) or 23-38%
pl 5:9. (groups 3-6) of the total SAA, corresponding to 11% and 5%

N

Percent volume
(4]
o

25

0
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Group number

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$11231-236



Thein vivo effect of cytokines on mouse SAA production 235

variation. In six groups (groups 1, 2, 6 and 8-10), SAA @ 5 regard to the major SAA sequences that were identified in spots 1—
contributed with the lowest percentage volume of all isotypes3, however, the SAAg; pl 6:15 sequence could be excluded,
(Fig. 2b). because it has Leu in position 11 [8].

A variable increase in total SAA response was found in all
groups, including those that received DEX and IFN.

For the groups that received IL-1 and IL-1/IL-6/DEX, the
The presence of 13—37% of the total murine SAA protein sequencguantification was complicated by an inhomogeneous staining of
was demonstrated in spots 1, 2, 3 and 4. The presented sequer8AA. This is a well known phenomenon in relation to silver
data were partially in accordance with apoSAAL (spots 1, 2 and 3¥taining, and is due to excessive amounts of proteins [30]. The
and apoSAA2 or SAA;;pl 59 (spots 2, 3 and 4) [2,8,9]. presented ratio of SAA induced by, respectively, IL-6 and IL-1 was

Considering charge differences, SAA1 (predicted @178 is 1:0:8. In a previousdn vivo study of B6D2F1 mice, this ratio was
more basic than both SAA2 (predicted p8hand SAA;; /;pl 5:9. 1:600 [20]. Even if the presented total SAA levels induced by IL-1
The latter proteins differ only by one amino acid substitution,and IL-6 were not strictly comparable, it is unlikely that the
namely alanine (SAA2)—a neutral amino acid—and aspartic acidlifference between these figures is of the same magnitude as in
(SAA pl 59) in position 101 [9]. Consequently, SAA ptBwill the latter report.
focus even more acidic than SAA2. For the groups that received LPS and TNF, the ratio between

Thus, the major SAA proteins that were identified in spots 1-3total SAA levels was 1:%, respectively. For the groups that
were regarded to represent SAAL (spot 1)-, SAA2 (spot 2)- andeceived IL-6 and IL-6/IL-1, this ratio was 13 The latter
SAAcE/;pl 59 (spot 3)-like proteins. For the quantification, they increase is in accordance with a previously described synergism
were designated SAA1(spot 1), SAA2(spot 2) and SAA pl between IL-1 and IL-6 in Hep3B cells [15—-17]. In anvivo study
59 (spot 3). Spot 4 represents a previously undescribed SAA2en CE/J mice, and in thraa vitro studies on the human hepatoma
or SAAs;/;3p! 5:9-like protein. cell line Hep3B, the corresponding differences in the amounts of

The presence of Val-His; and Asn;_zoin spots 2 and 3 induced SAA were, respectively, 2IQLPS:TNF) [21] and 1:3
was regarded to represent small amounts of previously undd17], 1:10 [16] and 1:20 [15] (IL-6:IL-6+ IL-1).
scribed, co-migrating SAAl-like proteins, with similar mass The effects of IL-6 or LPS on SAA production were not
and charge properties to the major SAA variants that weresignificantly altered by the addition of DEX. This is in contrast
identified in these spots. As the co-migration occurred irrespectiveo previous studies, where either a much larger increase (66%), but
of which pH gradient was used, and no proteins could be detectedlso a considerable decrease (60%), was demonstrated in human
in the area between these spots, the latter phenomenon wagpatocytes [14] and in serum from CD-1 mice [18].
considered to be unrelated to incomplete separation in the first The above results confirm that the total SAA response is related
dimension. to characteristics of the primary stimuli. In the present study,

The presented SAA variants might all represent unmodified ohowever, generally smaller variations were observed than have
modified protein products of defined or yet uncharacterized murindeen demonstrated before. This divergence might be explained by
SAA genes. However, the major SAA variants identified in spots 1different properties and dosages of the primary stimuli, or kinetics
and 2 were regarded most probably as products of the SAA1 andnd genetic factors in the host, the latter implying different cell
SAA2 genes [2]. With regard to the major SAA variant in spot 3— lines and mouse strains.
and also the minor, co-migrating SAA variants in spots 2 and 3—  Largely equal proportions of SAA1 and SAA2 were induced by
no conclusions could be drawn as to whether these are also derivedl inflammatory stimuli that were administered, including IL-6.
from the SAA1/SAA2 genes, or from yet undefined genes. As theThis is in contrast to a previous report on SAA isotypes in the
observed charge heterogeneity was seen also in individual sampldsyman hepatoma cell line HuH7, in which IL-6 was capable of
it was thus considered unrelated to genetic variations within pooleéhducing only SAA1 [31].
samples. With regard to post-translational modifications of SAA, The relative contribution of SAA pl -9 showed a larger
this has been described only for human SAA [27,28]. variation than SAA1 or SAA2, and in six out of nine groups this

In murine amyloid deposits, the presence of AA, derived fromisotype was present in the smallest amounts of all isotypes. The
both SAA1 and SAA2, and also SAA2, has been demonstratedatter is in accordance with a previous study on BALB/c mice,
[11,29]. Taking into account the extensive sequence homology thathere the protein ratio of SAAL:SAA2:two minor acidic SAAs
exists between SAA2 and SAA pl% the presented SAA2/SAApl  was 1:1:01 [7].
5-9-like proteins in spots 2, 3 and 4, and also the major and minor  The diverging isotype ratios of SAA pl-% might reflect that
SAAl-like proteins in spots 1, 2 and 3 might all be the source ofthis protein reaches its maximum concentration at different times
AA and SAA in murine amyloid deposits. from SAA1 and SAA2. Disregarding kinetic aspects, the results

Considering the amino acid sequence results, the presentetlso suggest that the proportions of SAA1 and SAA2 that are
study introduces a previously undescribed mouse SAA isoelectriproduced are decided by a common regulatory mechanism, which
focusing (IEF) pattern. However, a visually similar IEF pattern to can be initiated by a variety of exogenously administered inflam-
that presented has been demonstrated in BALB/c and SJL/J miamatory stimuli.

[7,9,21]. As identified by one-dimensional carrier ampholyte- The above mentioned results illustrate that the presented type
based IEF techniques and immunological detection, the latteof animal experiments are needed, in order to obtain balanced
pattern consists of four SAA variants, defined as SAA1/SAA plinformation about the ultimate effects of substances which are used
645, SAA2/SAA pl 63, SAA pl 615 and SAA pl 59. Because the  to mimic the acute-phase response. In future, application of the

identities of these IEF variants have not been confirmed by amin@resented data and methodology might yield further insight into the

acid sequence analysis, they might represent the same proteins @smplexity of the acute-phase response and the mechanisms
the major SAA proteins that were identified in spots 1-4. With involved in amyloid formation.

DISCUSSION
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