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Glycosylation of acute phase proteins and
interleukins following hip arthroplasty

Inflammation parameters studied in 10 patients

Klaus Fassbender': 2, Bruno Gerber®, Urs Karrer?, Magdalena Sobieska' 4,

Andre Aeschlimann? and Wolfgang Miiller*: 2

We analyzed changes in glycosylation and serum
concentrations of alpha,-acid glycoprotein (AGP),
antichymotrypsin (AC), interleukin-6 (IL-6), soluble
interleukin-2 receptor (siL-2R) and C-reactive protein
(CRP) following hip arthroplasty. Glycosylation of
AGP and AC showed an increased reactivity to con-
canavalin A between postoperative Day 2 and Day 5
and Day 10, respectively. Serum levels of AGP and

AC increased at the earliest on Day 5. The AC levels
returned to baseline by Day 10. AGP, however, exhib-
ited increased values beyond Day 14. CRP levels
were elevated at Day 2 and remained increased
beyond Day 14. siL2R showed increased values at
Days 5, 10 and 14. IL-6 was the first parameter to
increase, and it returned to baseline in less than 5
days.
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Changes in serum levels of acute phase proteins occur
after major surgery (Benson and Hughes 1975, Shih et
al. 1987, Kallio et al. 1990). Alpha,-acid glycoprotein
(AGP) and antichymotrypsin (AC) exhibit microheter-
ogeneity, which is revealed by a different reactivity of
subpopulations to concanavalin A. This reactivity
depends on the content of biantennary oligosaccha-
rides (Bog-Hansen 1973). An increase in the conca-
navalin A-reactive fraction is observed in acute infec-
tions (Hachulla et al. 1988, Nicollet et al. 1981, Fass-
bender et al. 1991, 1993) and after noninfected major
surgery (Hansen et al. 1986). Glycosylation of acute
phase proteins does not depend on serum levels; it rep-
resents a new acute phase phenomenon (Mackiewicz
et al. 1989). Similarly, interleukin-6 (IL-6), a cytokine
mainly produced by macrophages and monocytes
(Bauer et al. 1988), rises in serum following infections
(Helfgott et al. 1989), burns (Njisten et al. 1987) and
surgical injury (Nishimoto et al. 1989, Shenkin et al.
1989). Soluble interleukin-2 receptors (sIL2R) respond
also to acute burn injury (Xiao et al. 1988, Theodorc-
zyk-Injeyan et al. 1989). This receptor, which is con-
sidered to be an early marker of immunostimulation
(Robb et al. 1981), is expressed at the surface of acti-
vated T-cells (Robb and Greene 1983) and is released
in its soluble form (Rubin et al. 1985). We studied the
postoperative course of these recently described

parameters of inflammation after total hip replace-
ment.

Patients and methods

Our series comprised 10 consecutive patients (7
women, 3 men) with a median age of 71 (53-88) years
who had total hip arthroplasty for arthrosis at the
Department of Orthopedics, University Hospital,
Basel, Switzerland. Clinical examinations, chest roent-
genograms, electrocardiography, erythrocyte sedimen-
tation rate, serum levels of CRP, total blood cell count
and urine analysis were performed to exclude infec-
tion. Blood samples were collected the day before
operation, 2 and 6 hours after the first incision, and at
2,5, 10, and 14 days, postoperatively.

Crossed  affinity-immunoelectrophoresis  and
quantification of acute phase proteins, IL-6 and
sIL-2R (Figure 1}

Agarose-based affinity-immunoelectrophoresis  was
carried out according to the description by Bog-Han-
sen (1973). Briefly, concanavalin A (Sigma type 4, lot
79 C-7620 Sigma, St. Louis, MO, U.S.A) at 40
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Figure 1. Crossed affinity-immunoelectrophoresis of alpha,-acid
glycoprotein (A, B) and antichymotrypsin (C, D) using concana-
valin A as ligand in sera from patients 1 day before (left) and 2
days following surgery (right). Postoperatively, the highly conca-
navalin A-reactive fractions (peaks 3 + 4) increased in relation to
the less reactive fractions (peaks 1 + 2).

pmol/L, was incorporated into the first dimension gel.
First-dimension electrophoresis lasted | hour (10
V/cm). The second-dimension gel contained 0.8%
anti-AGP or anti-AC antibody (Atlantic Antibodies,
Scarborough, ME, U.S.A.) and 7.5% alpha-methyl D-
mannoside (Sigma). Migration was carried out for 20
hours (1.5 V/cm). This gel was then washed, dried,
and stained with Coomassie blue R 250. The relative
concentrations of the AGP- and AC-variants were
determined by planimetry. Results were expressed as a
AGP-concanavalin A-reactivity coefficient (AGP-RC)
and AC-concanavalin A reactivity coefficient (AC-
RC), which was calculated according to the formula:
total area below the precipitation peaks of all conca-
navalin A-reactive subpopulations divided by the area
of the most anodic peak corresponding to the nonreac-
tive subpopulation (Mackiewicz et al. 1989). CRP was
measured by an enzyme immunoassay (EMIT, C-reac-
tive protein assay, Merck Diagnostica, Zurich, Swit-
zerland). AGP- and AC-serum concentrations were
assessed by rocket immunoelectrophoresis, as
described by Laurell (1966). Serum IL-6 was meas-

ured with a commercially available quantitative “sand-
wich” enzyme immunoassay (R&D Systems Inc., MN,
U.S.A.). This test involves a monoclonal antibody spe-
cific for IL-6 coated onto a microtiter plate and an
enzyme-linked polyclonal antibody specific for IL-6,
which is added after washing. The lower limit of
detection is 5 pg/mL. SIL-2R was measured by means
of a commercially available enzyme-linked immuno-
sorbent assay (T-Cell Sciences, Cambridge, MA,
U.S.A.) according to the method described by Rubin
(1985). This sandwich-ELISA included the use of a
monoclonal antibody against sIL-2R adsorbed onto the
microtiter wells, and a second enzyme conjugated
monoclonal antibody directed against a second epi-
tope, binding to the IL-2R captured by the first anti-
body. Its detection limit is 50 U/mL.

Statistics

The data have been compared by the Friedmann 2-way
ANOVA, and thereafter the Wilcoxon test was used.

Results (Figure 2)

The immediate postoperative course of all patients was
without any complications. Glycosylation of AGP
(preoperative AGP-RC: 1.18 £ 0.03) and AC (preoper-
ative AC-RC: 3.92 * 0.37) responded to surgical
injury by showing an elevation of reactivity to conca-
navalin A on Day 2. The highly concanavalin A reac-
tive fractions of AGP and AC increased after the oper-
ation. AGP-RC values normalized within 10 days,
while increased AC-RC values persisted until Day 14.
Serum levels of AGP (preoperative value: 1.13 = 0.09
g/L) and AC (preoperative value: 0.52 + 0.11 g/L)
were increased at Day 5. Whereas serum concentra-
tions of AC returned to normal by Day 10, elevated
serum levels of AGP persisted beyond the observation
period. Postoperative CRP concentrations (preopera-
tive value: 3.7 £ 1.2 mg/L) were increased from Day 2
until Day 14. Levels of sIL-2R (baseline value: 496 +
56 U/mlL) were increased at Days 5, 10 and 14,
although with a high variation of values (Figure 2).
The preoperative value of 1L-6 was 11.4 + 3.0 pg/mL.
Serum levels of this cytokine increased within 6 hours
following the first incision and returned to baseline
values in less than 5 days. Therefore, IL-6 was the first
parameter to respond to surgery and the first to reach
preoperative values.
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Figure 2. Mean values (+ SEM, vertical lines) of serum levels of soluble interleukin-2 receptor (slL-
2R), alphat-acid glycoprotein (AGP), antichymotrypsin (AC), C-reactive protein (CRP), interleukin-6
(IL-6) and concanavalin A reactivity coefficients of alpha,-acid glycoprotein (AGP-RC) and antichy-
motrypsin (AC-RC) in 10 postoperative patients. AGP-RC and AC-RC are calculated according to
the formula: Total area below the precipitation peaks of all concanavalin A-reactive subpopulations
(peaks 2 + 3 + 4) divided by the area of the peak (peak 1) representing the non-reactive subpopula-
tion (n.s. = not significant; * = P < 0.05).
Discussion AGP and AC was increased 2 days following surgical

The results of our study comparing the postoperative
kinetics of the glycosylation of acute phase proteins,
serum IL-6, sIL-2R with the classical parameters of
acute phase response demonstrate that only serum lev-
¢ls of IL-6 and the glycosylation of AGP were charac-
terized by both, a short latency of response as well as a
rapid return to baseline values.

The postoperative kinetics of the glycosylation
changes and the serum levels of these acute phase pro-
teins were different. Concanavalin A reactivity of

injury, which indicated an increased proportion of
biantennary oligosaccharides bound to these glyco-
proteins. AGP-RC, but not AC-RC, normalized
already within 10 days. Serum concentrations of AC
returned to normal by Day 10. In contrast, those of
AGP persisted beyond the observation period.

As reported previously in patients undergoing hip
arthroplasty (Shih et al. 1987) or tibial fractures (Kal-
lio et al. 1990), the CRP response showed an elevation
in serum levels until Day 14. However, normal values
of CRP were found | week following lumbar discec-
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tomy (Kock-Jensen 1988), which may be explained by
the smaller operative injury in this procedure.

IL-6 was the first parameter to decrease postopera-
tively, reaching baseline levels in less than 5 days.
Although we used an immunologic method, our inves-
tigation confirmed recent reports of postoperative ele-
vation in serum IL-6 levels before a rise in acute phase
proteins (Nishimoto et al. 1989, Shenkin et al. 1989).
These data are consistent with the previously-
described role of IL-6 in mediating synthesis (Gauldie
et al. 1987) and glycosylation (Mackiewicz et al.
1987) of acute phase proteins. SIL-2R increased
slowly in response to surgery and did not normalize
within the observation period. To our knowledge, this
has not been described before and it would suggest
that T-cell activation occurs during the acute phase
response to surgical injury. IL-1, released by tissue
damage, affects the hepatic synthesis of acute phase
proteins (Dinarello 1984) as well as the release of
interleukin-2 and its receptor (Kaye et al. 1984), which
may offer an explanation for these data.

The postoperative response patterns of the parame-
ters studied may be altered in patients with preexisting
inflammatory diseases, such as infections or chronic
rheumatic diseases, because of already increased pre-
operative values. However, patients with underlying
inflammatory processes have been excluded in this
study.

In conclusion, compared to the classical and new
parameters of inflammation, glycosylation of AGP and
IL-6 levels in serum are characterized by the most
rapid postoperative increase and normalization. It
seems possible that investigation of IL-6 and glycosy-
lation of AGP may even be useful in the detection of
inflammatory complications after surgery.
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