NEWMETHODS AND APPROACHES

Red blood cell Thomsen-Friedenreich antigen expression and
galectin-3 plasma concentrations in Streptococcus
pneumoniae-associated hemolytic uremic syndrome and
hemolytic anemia
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BACKGROUND: Pneumococcal hemolytic uremic syn-
drome (P-HUS) is a rare but severe complication of
invasive pneumococcal disease (IPD) in young children.
Consensual biologic diagnosis criteria are currently
lacking.

STUDY DESIGN AND METHODS: A prospective study
was conducted on 10 children with culture-confirmed
IPD. Five presented with full-blown P-HUS, three had
an incomplete form with hemolytic anemia and mild or
no uremia (P-HA), and two had neither HUS nor HA.
Thomsen-Friedenreich (T), Th, and Tk cryptantigens
and sialic acid expression were determined on red
blood cells (RBCs) with peanut (PNA), Glycine soja
(SBA), Bandeiraea simplicifolia I, and Maackia
amurensis lectins. Plasma concentrations of the major
endogenous T-antigen—binding protein, galectin-3 (Gal-
3), were analyzed.

RESULTS: We found that RBCs strongly reacted with
PNA and SBA lectins in all P-HUS and P-HA patients.
Three P-HUS and three P-HA patients showed also
concomitant Tk activation. Direct antiglobulin test (DAT)
was positive in three P-HUS (one with anti-C3d and two
with anti-IgG) and two P-HA patients (one with anti-C3d
and one with anti-IgG). RBCs derived from the two
uncomplicated IPD patients reacted with PNA but not
with SBA lectin. Gal-3 plasma concentrations were
increased in all P-HUS patients.

CONCLUSIONS: The results indicate high levels of
neuraminidase activity and desialylation in both P-HUS
and P-HA patients. T-antigen activation is more sensi-
tive than DAT for P-HUS diagnosis. Combining PNA
and SBA lectins is needed to improve the specificity of
T-antigen activation. High concentrations of Gal-3 in
P-HUS patients suggest that Gal-3 may contribute to
the pathogenesis of P-HUS.

emolytic uremic syndrome (HUS) is charac-

terized by acute microangiopathic hemolytic

anemia (HA), thrombocytopenia, and acute

kidney injury. Most cases of childhood HUS

follow an episode of diarrheal illness associated with Shiga
toxin—producing Escherichia coli (STEC).

A distinct and rare form of HUS is associated

with invasive Streptococcus pneumoniae infections in

young children. S. pneumoniae-associated HUS (P-HUS)
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accounts for 5% of cases of childhood HUS and nearly 40%
of cases not associated with STEC, with an observed
increase in prevalence in recent years."? P-HUS is more
severe than HUS caused by STEC with a mortality rate
between 2 and 12%, according to the underlying clinical
condition, and end-stage renal disease occurring in 10%
to 16% of survivors.?

Pneumococcal neuraminidase activity is usually con-
sidered to be the major trigger of P-HUS.!"* Neuramini-
dase released by S. pneumoniae acts by cleaving terminal
N-acetylneuraminic acid (sialic acid) from glycoproteins
present in plasma and on cell surfaces in contact with the
enzyme and exposing the “cryptic,” normally hidden by
sialic acid, ubiquitous Thomsen-Friedenreich antigen
(T-antigen). This process is known as T-activation.*® Three
neuraminidases are encoded by the S. pneumoniae
genome, NanA, NanB, and NanC. NanA is necessary for
significant neuraminidase activity in vitro® and for
T-activation during pneumococcal infection in mouse
models.* The nanA gene is present in 100% of
S. pneumoniae strains. Nevertheless, only a small percent-
age of invasive pneumococcal disease (IPD) patients prog-
ress to P-HUS. The incidence of P-HUS is estimated to be
0.4% to 0.6% of all IPD."?

Little is known about the relationship between the
level of neuraminidase activity and the risk of developing
HUS in IPD. In vitro the occurrence of P-HUS is not cor-
related with the expression of nanA and nanB genes, the
nanA allelic diversity, and the neuraminidase enzymatic
activity of S. pneumoniae isolates.® To date, the best evi-
dence for a role of neuraminidase in the pathogenesis of
P-HUS is supported by the study of Huang and colleagues’
who showed that T-activation is significantly associated
with HUS in IPD. Using peanut agglutinin (PNA; Arachis
hypogaea), the authors detected T-antigen in 13 of 13
children with P-HUS and in six of 14 children with uncom-
plicated invasive pneumococcal infections. Thus,
T-activation was 100% sensitive for P-HUS diagnosis and
57% specific. However, PNA may react with two other
cryptantigens frequently exposed by pneumococcal
exoglycosidases, Th and Tk.>® Quantitative studies or
additional lectins need to be used to assess the real speci-
ficity of T-activation for P-HUS diagnosis.

The mechanisms by which neuraminidase or
T-antigen contribute to the pathogenesis of P-HUS are still
not understood.'*% Anti-T immunoglobulin (Ig)M natu-
rally occurring antibodies are present in most normal
human sera.>® Therefore, since early reports,'® endothelial
injury, hemolysis, and P-HUS were assumed to result from
the interaction of preexisting anti-T with T-antigen
exposed by neuraminidase on glomerular endothelial cells
and red blood cells (RBCs).>'° However, the characteristics
ofanti-T antibodies cast doubts on their pathogenic role in
endothelial damage. We showed previously that anti-T are
low-titer antibodies with extremely weak hemolyzing
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capacities compared with ABO antibodies.’ Furthermore,
anti-T have never been definitely shown to cause hemoly-
sis in patients with T-activated RBCs.**!! Finally, P-HUS
may occur in children aged 4 or 5 months,'?"'* an age where
a significant amount of anti-T is unlikely to be present.

Recently, new hypotheses have been suggested to
explain the pathogenesis of P-HUS, based on transient
dysregulation of the complement activation.5'*!*> Besides
its role in demasking T-antigen, desialylation is also
known to trigger alternative pathway of complement
(APC) dysfunction on RBCs. The major soluble regulator
of APC, Factor H, binds to sialic acids. Factor H functions
as a cofactor for the Factor I-mediated C3b cleavage. It
has been shown that desialylated RBCs activate the
complement system via the APC in vitro'¢ and also in vivo,
as demonstrated in guinea pigs."”

Endogenous ligands of T-antigen include the
asialoglycoprotein receptor (ASGPR) of hepatocytes,
involved in clearance of asialoglycoproteins, and gale-
ctins, a family of lectins, characterized by their affinity for
B-galactoside—containing oligosaccharides. Desialylated
platelets (PLTs) exposing -galactose residues are rapidly
cleared from blood circulation by the ASGPR.'®!* By con-
trast with PLTs, the ASGPR plays no role in removal of
desialylated RBCs. Complement activation is required for
the clearance of desialylated RBCs.""

On the other hand, soluble proteins known as
galectins are characterized by their affinity for T-antigen.
Among galectins, galectin-3 (Gal-3) has the highest affinity
to T-antigen.?

Gal-3 is expressed and secreted by macrophages and
other immune and nonimmune cells* and is implicated
in several aspects of the inflammatory response, cell
migration, cell adhesion to endothelium,”* and host
defense against pneumococcal infection.*® Gal-3
oligomerizes at high concentrations and forms heterog-
enous multimolecular complexes that cross-link both cell
surfaces and glycoconjugates expressing the T-antigen.?
Furthermore, T-antigen/Gal-3-mediated cell interactions
with endothelium are stabilized by endothelial integrins
that associate directly with T-antigen/Gal-3 complexes.?

Taken together, this information led us to hypothesize
that adhesion between desialylated RBCs and endothelial
cells, both expressing T-antigen, may occur in the pres-
ence of high concentrations of Gal-3. This adhesion could
generate complement activation in close contact with the
endothelial cell layer, promoting endothelial injury and
HUS.

In this study, we investigated T-antigen and sialic acid
expression on RBCs and Gal-3 plasma concentrations in a
series of 10 patients refered to our laboratory for the diag-
nosis of P-HUS. In addition, we carried out direct anti-
globulin test (DAT) in these patients and compared DAT
results with T-antigen testing for the biologic diagnosis of
P-HUS.
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MATERIALS AND METHODS

Patients

Blood samples from 10 consecutive patients with a diag-
nosis of IPD (pneumococcal pneumonia or pneumococ-
cal meningitis) were prospectively included between May
2010 and December 2013. We included only patients for
whom samples taken before the first transfusion were
available. Blood samples from pediatric departments of
two hospitals were sent to our laboratory for the diagnosis
of T-antigen activation. The medical records of the 10 IPD
patients were retrospectively reviewed. The criteria for
diagnosis of HUS were microangiopathic HA (hemoglobin
[Hb] <10g/dL with fragmented RBCs on blood smear),
thrombocytopenia (platelet [PLT] count < 130 x 10°/L),
and acute renal impairment (>88.4 pmol/L or >50%
increase above baseline). Disseminated intravascular
coagulation was excluded by the presence of normal
fibrinogen concentrations at the time of HUS diagnosis.

Clinical features and laboratory findings of IPD
patients are summarized in Table 1. A control group of 238
pediatric patients hospitalized in a neonatal intensive care
unit was also tested for RBC T-activation to assess the
specificity of the lectins used in the study.

Because T-activation is commonly detected in infants
with necrotizing enterocolitis,*'! necrotizing enterocolitis
patients were excluded from this control group. Screening
was carried out on residual samples of fresh EDTA-
anticoagulated peripheral blood residual samples remain-
ing in the hematology laboratory after routine blood
analysis. The blood samples were destroyed thereafter.

Lectins

PNA lectin agglutinates T, Th, and Tk transformed RBCs.>®
Specific lectins were used in this study to differentiate T
and Tk cryptantigens and the attenuated form of T activa-
tion called Th (Table 2). PNA and Glycine soja (soybean,
SBA) lectins were purchased from Sigma Aldrich (Sigma
Chemical Co., St Louis, MO) and Bandeiraea simplicifolia
II (BS-II) lectin was purchased from Vector Laboratories
(Burlingame, CA). The expression of sialic acid on RBCs
was investigated with Maackia amurensis (MAA) lectin
obtained from Sigma Aldrich. Lectins were diluted in
0.01 mol/L phosphate-buffered saline (pH 7.4; Sigma
Aldrich) to obtain a concentration of 0.2 mg/mL (MAA),
0.5 mg/mL (BS-II and SBA), or 0.025 mg/mL (PNA). These
samples were then aliquoted and stored at —30°C until use.
The same primary stock for each lectin was used through-
out the study.

Agglutination tests

Agglutination tests were carried out by the standard gel
technique using microtubes containing neutral gel

T-ANTIGEN AND GAL-3 IN P-HUS

TABLE 1. Clinical and laboratory characteristics of patients with invasive pneumococcal diseases
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TABLE 2. Interaction of T, Th, and Tk
transformed RBCs with selected lectins

Combining
Lectin carbohydrate T Th Tk
PNA Galp1,3GalNAc + + +
SBA GalNAc + - -
BS-II GIcNAc - - +
MAA NeuAco2,3Gal —* + +

* MAA may react with T when weakly expressed.

TABLE 3. Agglutination by lectins of untreated
and neuraminidase-treated RBCs

Neuraminidase PNA MAA
(U/mL) (agglutination titer) (agglutination titer)
0 < 64

0.1 1 64

1 128 8

10 128 1

100 128 <1

(DiaMed, Cressier, Switzerland). A total of 50 uL of 0.8%
RBCs was incubated with 25 uL of diluted lectins for
30 minutes at 22°C. Thereafter, the gel cards were centri-
fuged for 10 minutes at 85 x g. Agglutination results were
scored according to DiaMed specifications. Titers were the
highest dilution resulting in hemagglutination. At least
two independent experiments were carried out for each
titration. Positive and negative controls were included in
each series of titrations. Positive controls were RBCs from
volunteer blood donors treated with various concentra-
tions of Vibrio cholerae neuraminidase (Sigma Aldrich,
N6514) as described previously,® and negative controls
were untreated RBCs from the same donors. Representa-
tive results obtained with positive and negative controls
are given in Table 3.

DAT

A DAT was performed by the gel technique using
microtube gel cards containing anti-IgG (rabbit) and anti-
C3d (monoclonal) reagents (DC Screening Cards,
DiaMed). A total of 50 uL of 0.8% RBC suspensions in low-
ionic-strength solution were added to the microtubes. Gel
cards were centrifuged for 10 minutes at 85 x g. The DAT
positive results were scored from 1+ to 4+ as indicated by
DiaMed. Because samples were very small, no elution pro-
cedure was performed on DAT-positive RBCs.

Two-dimensional electrophoresis

Two-dimensional electrophoresis (2-DE) coupled with
Western blotting was performed as described previously.?”
Proteins from 1 pL of plasma were separated by 2-DE
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using the ZOOM strip pH 4-7 system for the first dimen-
sion and ready-made 4% to 12% NuPAGE Bis-Tris gels for
the second dimension, as recommended by the manufac-
turer (Life Technologies, Saint Aubin, France). After 2-DE,
proteins were transferred (100 V for 1 hr) to nitrocellulose
and glycoforms of interest were detected with an anti-
transferrin (Trf) rabbit antibody (1/5000 vol/vol from
Siemens Healthcare Diagnostics, Marburg, Germany), a
horseradish peroxidase-linked anti-rabbit IgG secondary
antibody (1/5000 vol/vol; GE Healthcare, Uppsala,
Sweden) and an imaging system (Chemidoc XRS, Bio-Rad,
Marnes la Coquette, France).

Gal-3 assay

Gal-3 plasma concentrations were assayed with the Gal-3
enzyme-linked immunosorbent assay (ELISA) kit
(Calbiochem, Merck Chemicals Ldt, Nottingham, UK)
according to the manufacturer’s instructions. Normal
human blood samples were used to establish the normal
range of Gal-3 values and were obtained from volunteer
blood donors after informed consent. A standard curve
was made with dilutions of a Gal-3 protein standard. All
plasma samples were tested in duplicate.

Statistical analyses

Quantitative data are expressed as arithmetic mean +
standard error (SEM); statistical analyses were performed
with t tests and the computer software (GraphPad Prism,
Version 5.03, GraphPad, Inc., La Jolla, CA). Values of
p < 0.05 were considered significant.

RESULTS

Diagnosis of HUS

Ten patients with IPD were prospectively included in this
study. Nine of them had meningitis. Five patients were
classified as definite P-HUS based on criteria from the
Center for Disease Control. Disseminated intravascular
coagulation was excluded in all cases based on normal
fibrinogen concentrations. Four different serotypes of
S. pneumoniae strains were identified in P-HUS patients:
1, 6C, 15A, and 16F (Table 1). Two other patients with
pneumococcal meningitis presented with acute HA,
thrombocytopenia, and higher than normal creatinine
concentrations (Patient 6, Serotype 15A; and Patient 7).
However, these two patients did not fully meet the criteria
of HUS because schizocytes were not found on repeat
blood smear examinations. Another patient (Patient 8,
Serotype 15B) presented with acute microangiopathic HA
and thrombocytopenia with normal creatinine concentra-
tions. Two patients with pneumococcal meningitis had no
sign of HUS (Patients 9 and 10).
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TABLE 4. Results of lectin agglutination tests, DAT, and Gal-3 plasma concentrations of patients with IPD

RBC
transformation PNA MAA Tk Gal-3
Patient HUS/HA (T/Th) (agglutination titer) (agglutination titer) transformation DAT (ng/mL)
1 HUS T 128 <1 - 1+ IgG 33
2 HUS T 128 8 + 1+ C3d 27
3 HUS T 128 64 - 1+ IgG 22
4 HUS T 128 128 + - 41
5 HUS T 128 4 + - ND
6 HA T 128 16 + 2+ 1gG 8
7 HA T 128 64 + - 26
8 HA T 128 128 + 3+ C3d 25
9 Th 8 64 - - 15
10 Th 8 128 - - 9
Negative controls* <1 64-128 ND ND ND

* Negative controls: RBCs from uninfected newborns.
ND = not determined.

Lectin agglutination of RBCs

RBC T-activation was initially examined in 238 infants
from a neonatal intensive care unit to assess the specificity
of PNA agglutination method. None of these neonates
tested positive for specific T-activation confirmed with
SBA lectin. However, one neonate tested positive with
PNA (Titer 2) and negative with SBA lectins and was thus
identified as Th-activated. The blood culture of this infant
was positive for S. pneumoniae.

Table 4 shows the results of RBC testing in the acute
phase of IPD for the 10 patients included. All tests were
performed on pretransfusional samples. T and Tk
cryptantigens were frequently expressed on RBCs from
these patients. T cryptantigen confirmed with SBA lectin
was expressed in 100% of P-HUS and P-HA patients (all
five P-HUS and all three P-HA patients). Th activation
was found in the two IPD patients with no signs of HUS.
Titration with PNA showed that the T-antigen was
strongly exposed (agglutination titer 128) in all P-HUS
and P-HA patients. By contrast, the agglutination titer
with PNA was only 2 for both IPD patients with neither
HUS nor HA. Tk transformation was found in six of 10
IPD cases, including three of five HUS patients, and was
always associated with T transformation. Analysis of
sialic acid on the surface of RBCs with M. amurensis
lectin showed that sialic acid expression was lower than
normal in three of five P-HUS patients and in one of
three P-HA patients (Patient 6).

DAT

DAT results are shown in Table 4. Positive DAT results
(from 1+ to 3+) were found in three of five P-HUS patients
and in two of three P-HA patients. DAT was positive with
anti-C3d for two patients (1+ for Patient 2 and 3+ for
Patient 8) and with anti-IgG for three other patients
(Patients 1, 2, and 6).

2-DE

2-DE of plasma Trf was performed for five of 10 patients
(three P-HUS patients, one P-HA patient, and one IPD
patient with neither HUS nor HA). Representative profiles
are shown in Fig. 1. Trf profiles from the three tested
P-HUS and the P-HA patients showed multiple abnormal
hypoacidic spots highly suggestive of hyposialylated
glycoforms. The Trf profile appeared normal for the IPD
patient with neither HUS nor HA.

Gal-3 plasma concentrations

The normal values of Gal-3 in plasma from 29 volunteer
blood donors were 1.2 £ 0.6 ng/mL (Fig. 2). Plasma con-
centrations of Gal-3 were substantially higher in all IPD
patients (Fig. 2 and Table 4) and reached 30.7 + 8.2 ng/mL
in the five P-HUS patients, 19.6 = 10.3 ng/mL in the three
P-HA patients, and 11.8+4.7ng/mL in the two IPD
patients with neither HUS nor HA.

DISCUSSION

Ten consecutive patients with IPD were enrolled in this
study during a 3-year period. Meningitis was found in nine
of these patients reflecting the particular recruitment of
our laboratory. Five of these pneumococcal infections
were complicated by full-blown HUS and three by
pneumococcal-associated thrombocytopenia and HA
(P-HA).

Several reports have described the occurrence of
microangiopathic HA with minimal renal involvement in
IPD patients.”®® In a retrospective study of 36 patients
with IPD, Huang and coworkers’ found 13 cases of P-HUS
and nine cases of P-HA with microangiopathic changes on
blood smear not associated with uremia. Similarly, in this
study we report three P-HA cases that do not meet the
strict criteria of HUS.
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Tetrasialylated
Trf

Control . -+ 80 kDa

P-HUS Q‘i// / T 80kDa

— 80 kDa

- 80 kDa

P-HA -“
-

7.0

Fig. 1 Two-dimensional Western blot patterns of plasma
transferrin. In the control, transferrin is mostly tetrasialylated
and carries two typical biantenary N-glycan structures. In
P-HUS (Patient 2) and P-HA (Patient 6) patient samples,
multiple hypoacidic spots (arrows) strongly suggest
hyposialylated glycoforms. In IPD patients with neither HUS
nor HA (P, Patient 10), the Trf pattern is normal.

50- 0.0422
e

40 n
R

3

0-

Gal-3 (ng/mL)

m}

N PHUS  P-HA P

Fig. 2 Determination of Gal-3 plasma concentrations. Data are
expressed as mean + SEM in: volunteer blood donors (N),
P-HUS, P-HA, and IPD patients with neither HUS nor HA (P).

Two patients (Patients 6 and 7) with peak creatinine
concentrations of 88 and 60 umol/L, respectively, showed
no RBC microangiopathic anomalies on peripheral blood
smear. In another case (Patient 8) RBC schizocytosis was
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present but creatinine values remained normal. The early
recognition of P-HUS is imperative for adequate treat-
ment but consistent case definition and diagnostic criteria
are currently lacking. T-antigen testing is not always
available; therefore, a positive DAT has been proposed as
evidence of P-HUS.?%

In this series, we found that DAT was positive in only
three out of five P-HUS patients and in two out of three
P-HA patients. This proportion is similar to the 61% of 207
cases reported in a recent review.!

Anti-T are complement-fixing® IgM isotype antibod-
ies. These antibodies are considered to be present beyond
3 months of age and to reach adult levels by the age of 2
years.!! Hence, anti-T may explain DAT positivity with
anti-C3d in two patients (Patients 2 and 8). These two
children with C3d+ DAT were 21 and 11 months old,
respectively.

The weak IgG+ DAT positivity in three other patients
(Patients 1, 3, and 6) is unlikely to be related to anti-T. We
controlled several lots of anti-IgG reagents used in this
study and did not find any positivity with in vitro
neuraminidase-treated RBCs. Thus, 1gG+ DAT positivity
was not a consequence of contaminating anti-T present in
rabbit sera used to produce antiglobulin reagents, as pre-
viously reported.*

More probably, IgG+ DAT positivity was secondary to
intravenous (IV) antibiotic therapy. Indeed, most children
received large doses of IV third-generation cephalosporins
(cefotaxime or ceftriaxone), a treatment frequently asso-
ciated with nonspecific adsorption of proteins on RBCs
and positive DAT.*

By contrast with DAT, RBC T-antigen testing with both
PNA and SBA lectins was 100% sensitive for the diagnosis
of P-HUS as previously reported."® Furthermore, titrations
with PNA showed a strong expression of T-antigen in all
P-HUS and P-HA patients. The results indicate levels of
desialylation of higher than 70%, since the reactivity of
RBCs with PNA lectin first occurs when 20% to 25% sialic
acid is released from RBC membrane and is maximum
when 70% to 80% sialic acid is released.*

Most investigators used only PNA for T-activation
diagnosis in P-HUS.”!"'? Although we analyzed only two
uncomplicated IPD patients, our data suggest that the
specificity of T-antigen testing for P-HUS diagnosis can be
significantly improved by using a combination of lectins
as described here or by quantifying T-antigen expression.
The two IPD patients without any sign of P-HUS or P-HA
exhibited a weak form of T-antigen expression called Th,
which is defined by a positive agglutination test with PNA
and no agglutination with SBA lectin.>®3 Moreover, SBA is
useful to differentiate T from Tk cryptantigen.®* The Tk
antigen is frequently exposed in IPD by the action of
pneumococcal B-galactosidases.’ In this report, Tk
antigen was expressed in three of five P-HUS and three of
three P-HA patients.
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To discriminate high levels of desialylation in P-HUS
and P-HA patients, we analyzed sialic acid on RBCs with
MAA lectin that recognizes sialic acid in the (0-2,3)
linkage. We found significant differences in desialylation
between patients and control RBCs; reciprocal agglutinin
titers with MAA lectin were at least fourfold lower than
controls in three of five P-HUS patients and in one of three
P-HA patients (Patient 7).

The results obtained on RBCs from P-HUS patients
and on control RBCs treated with various concentrations
of neuraminidase suggest that differences in neuramini-
dase activity among P-HUS patients are as high as 100-
fold. This observation is consistent with the findings of de
Loos and colleagues® who measured neuraminidase
activity during the acute phase in five P-HUS patients
and found a wide range of values, varying from 0.2 to
32.3 nmol/hr/mL.

The analysis of Trf N-glycosylation profiles of five
patients showed a good correlation with the results
obtained for RBCs. Similar to the findings of de Loos and
colleagues,® two-dimensional profiles of plasma Trf from
patients with P-HUS (n = 3) or P-HA (n = 1) both showed
multiple abnormal hypoacidic spots (cathodal shift)
which are a strong indication of neuraminidase activity
affecting 02,6-linked terminal sialic acids from N-
glycoproteins (Fig. 1).

Overall, despite a wide range of clinical heterogeneity,
P-HUS and P-HA patients were quite similar based on
their RBC T-antigen expression and Trf N-glycosylation
profiles. These results suggest that some additional, as yet
unidentified, factors other than neuraminidase are
involved in the development and the clinical presentation
of P-HUS.

Relatively little is known on the mechanisms leading
to P-HUS. Recent reports suggest that transient abnor-
malities of the alternative complement pathway are
present in IPD and may contribute to the development of
P-HUS.!*' Szilagyi and coworkers' found that the activity
of the C3, C4, classical, and APC was transiently impaired
in five P-HUS patients and they identified genetic muta-
tions in complement genes in three of five patients. A good
response to treatment with the complement inhibitor
Eculizumab was reported in another P-HUS patient.'® The
possible mechanisms postulated include either low' or
excessive® affinity of complement factor H (CFH) to
desialylated endothelial cells, mutations of complement
genes,' and neutralization of CFH by soluble pneumo-
coccal proteins such as pneumococcal surface protein
C.5% CFH, the most important soluble regulator of the
APC, binds to specific polyanionic structures on host cells
in combination with the adjacent C3b-cell surface
complex. This binding inhibits further deposition of C3b.*”
CFH contains at least two binding sites for heparin and
polyanionic carbohydrates present on host cell surfaces,
glycosaminoglycans, and other negatively charged mol-

T-ANTIGEN AND GAL-3 IN P-HUS

ecules such as sialic acids.*”*® Desialylation is a conceiv-
able trigger for APC dysfunction because most human
cells and tissues contain a high abundance of sialic acid-
containing polysaccharides. However, CFH binding to
endothelial cells involves predominantly glycosaminogly-
cans such as heparan sulfate*® and sialic acids play a
limited role.*® For this reason, it is uncertain that neur-
aminidase activity may directly activate the APC on endo-
thelial cells.

Given the activation of the APC by desialylated
RBCs'®!7 and the reported role of Gal-3 in pneumococcal
infections,* we hypothesized that adhesive interactions
between desialylated blood cells and the endothelium
trigger P-HUS by promoting localized complement activa-
tion and endothelial injury. This hypothesis prompted us
to examine Gal-3 plasma concentrations in IPD patients.

We found that the plasma concentration of Gal-3 was
substantially increased in all patients with P-HUS at the
acute phase of the disease. In addition, Gal-3 concentra-
tions were significantly higher in P-HUS patients than in
other IPD patients, namely, P-HA patients and uncompli-
cated IPD patients (Fig. 2). However, Gal-3 is increased in
most infectious and inflammatory diseases.”” Further
studies are needed to determine if Gal-3 is involved or not
in the pathogenesis of P-HUS.

In conclusion, we found that T-antigen is consistently
and strongly expressed on RBCs in a series of five P-HUS
and three P-HA patients. This finding confirms the central
role of neuraminidase activity in both conditions and the
sensitivity of T-antigen testing for the early biologic diag-
nosis of P-HUS. Conversely, DAT was much less sensitive
for P-HUS diagnosis.

PNA agglutination method is not specific for
T-activation. Incomplete forms of T-activation (Th) do
occur in uncomplicated IPD and Tk cryptantigen, exposed
by pneumococcal B-galactosidase, is frequently present.
Therefore, PNA agglutination positivity needs to be con-
firmed with SBA lectin to improve the specificity of
T-activation for P-HUS diagnosis.

Further studies are required to elucidate the different
pneumococcal or host-related factors associated with
HUS in IPD patients in addition to pneumococcal neur-
aminidase activity. The high plasma concentrations of
Gal-3 that we found in P-HUS patients suggest that Gal-3
may be one of these factors.
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