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Themechanism of chronic rejection of transplanted human kidneys
is unknown. An understanding of this process is important be-
cause, chronic rejection ultimately leads to loss of the kidney allo-
graft in most transplants. One feature of chronic rejection is the
infiltration of ectopic B-cell clusters that are clonal into the trans-
planted kidney. We now show that the antibodies produced by
these B-cells react strongly with the core carbohydrate region of
LPS. Since LPS is a costimulatory immunogen that can react with
both the B-cell receptor (BCR) and the Toll-like receptor 4 (TLR4),
these results suggest a mechanism for the selective pressure that
leads to clonality of these B-cell clusters and opens the possibility
that infection and the attendant exposure to LPS plays a role in
the chronic rejection of human kidney transplants. If confirmed
by clinical studies, these results suggest that treating patients with
signs of chronic rejection with antibiotics may improve kidney
allograft survival.

anti-LPS antibody ∣ antibody library ∣ immunochemistry ∣ kidney rejection ∣
transplantation

Kidney transplantation is considered to be the treatment of
choice for patients with end stage renal disease. However,

in spite of improvements in treating acute rejection, the incidence
of chronic rejection remains largely unchanged and most kidney
allografts are ultimately lost (1). While the mechanism of chronic
kidney rejection is far from certain, recent studies have suggested
that a large set of genes that encode proteins of the innate and
adaptive immune system are expressed in the host during rejec-
tion (2). Another interesting immunological feature of trans-
planted kidneys is the appearance of highly organized ectopic
B-cell clusters in the transplant (3–14).

Recently we prepared combinatorial antibody libraries from
these infiltrating B-cell clusters and showed that they are clonal.
However, the nature of the selective antigenic pressure(s) that led
to the clonality of these B-cell clusters is not known. We now re-
port that the antibodies produced by the B-cells within these clus-
ters, as well as those in the serum of patients who were rejecting
transplants, react strongly with the core carbohydrate epitopes of
bacterial lipopolysaccharide (LPS). LPS is an immunogen that
can react with both the B-cell receptor (BCR) and the Toll-like
receptor 4 (TLR4). This combined engagement of the BCR and
the TLR4 can lead to selective replication of members of the
B-cell repertoire and ultimately to clonality (15–25). These re-
sults raise the possibility that bacterial infection may play a role
in chronic allograft rejection.

Results
Search for the Immunogen. The search for antigens and immuno-
gens after one encounters an interesting antibody can be difficult.
For example, we have known about the presence of oligoclonal
antibodies in the spinal fluid of patients with multiple sclerosis for
almost fifty years, yet the nature of the antigen(s) with which the
antibodies react remains unproven (26). Also, with only a few ex-

ceptions, the antigen, if any, that reacts with the clonal immuno-
globulins produced by lymphomas and myelomas is not known.

In the case of transplanted human kidneys, a search for the
antigen(s) that drives the replication of the B-cells that have in-
filtrated the allograft should be simpler because one knows the
perturbations that initiated the process. These include the intro-
duction of a foreign organ with a revised anatomy and a mechani-
cally compromised urinary tract into an immunosuppressed
patient. Given that the most obvious perturbation was the place-
ment of a foreign organ into a patient, we felt initially that the
immunogen was likely an alloantigen. However, our early studies
with HLA and MICA alloantigens suggested that this was not the
case and we turned our attention to infectious agents. We utilized
the H.Pylori. induced MALT lymphomas as a precedent because
studies of their pathogenesis has taught us that the sustained
interaction between bacteria and/or their products and immuno-
compent cells in a confined space can lead to clonal proliferation
of B-cells and even malignancy. In most cases of MALT lympho-
mas the malignancy disappears when the inciting H.Pylori. infec-
tion is cured by antibiotics (27–30). By analogy, in the trans-
planted kidney there is the potential for continuous exposure
to bacterial antigens by a urinary reflux mechanism in the setting
of induced immunosupression.

To determine whether antibodies produced by the ectopic
B-cell clones react with bacterial antigens, we prepared single
chain and Fab components of the antibody molecules encoded
by the genes that we determined to be expressed by the clonal
infiltrates. We tested the ability of these antibody constructs to
bind to molecules in the total cellular extracts of continuously
growing human lymphocytes (Wil2), yeast (Saccharomyces cerevi-
siae), and Escherichia coli (K12) cells as well as BSA by Western
blot analysis (Fig. 1A). The ponceau red protein staining is shown
in panel 5. Remarkably, these experiments showed that the anti-
bodies reacted with a ladder of molecules present in the E. coli
cytoplasmic extracts, but did not react specifically with the human
or yeast cell extracts. The reactive antigens in the E. coli extracts
had molecular sizes ranging between 10 to 150 kD relative to
the protein markers. In addition, these antibodies also reacted
with a low molecular weight molecule that is present in the set
of commercial E. coli derived protein molecular weight markers
(Fig. S1). No reaction was observed with control unrelated ScFv
antibodies (panel 3) or the secondary antiflag tag antibody (panel
4). Importantly, antibodies from two distinct B-cell clones from
different patients that used different germ line genes (VH 1-69
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and VH 3-23) and CDR3 regions gave the same pattern of reac-
tivity (Fig. 1A). These experiments constrained the antigen hunt
to molecules that are unique to E. coli. Such molecules could
occur either because of a common posttranslational modification
of multiple distinct proteins or because the molecule itself occurs
as a set of subspecies. To determine whether the antigen was a
protein or a nonpeptide entity, we determined its alkali sensitivity
under conditions that did not disrupt amide bonds. When the E.
coli extracts were treated with sodium hydroxide (0.05 N) prior to
performing the Western blot analysis, the reactivity of the anti-
bodies from the kidney was totally abrogated (Fig. 1B) (panels
1–4). This result strongly suggested that the interacting antigen
was not a protein but rather was a molecule present in E. coli
that was susceptible to ester hydrolysis. Studies on the alkali sen-
sitivity of antigens are usually designed to determine whether cer-
tain types of chemical bonds are present in the antigen. However,
when such studies are combined with gel electrophoresis and
Western blotting, there are two different mechanisms by which
the apparent binding may be lost. In one case the actual epitope
is destroyed by alkaline hydrolysis of a sensitive bond; alterna-
tively the migration of the target molecule can change, causing
it to be lost or appear at a different position on the gel. In either
case, alkali sensitivity yields some information about the chemical
nature of the target molecule, but determining which mechanism
is operative is important for the analysis of the fine specificity of
antibody binding. We were able to determine which of the two
mechanisms were operative by treating the actual Western blots
post migration with alkali. Under these conditions the reactivity
with antibody is retained, indicating that the alkali sensitive por-
tion of the molecule while present in the parent structure, is not
part of the actual epitope.

There are two prominent alkaline sensitive molecules that are
uniquely present in bacteria that present a laddered pattern on
gel electrophoresis either because of an intrinsic property of

the molecule itself or because they occur as a posttranslational
modification of multiple distinct proteins. These are the Braun
(Pam3Cys) modification of lipoproteins and lipopolysaccharide
(LPS) (Fig. 1C). To determine whether the (Pam3Cys) molecule
was the antigen, we studied by Western blot analysis the E. coli
lipoprotein Lip12 (M.W 14 kD) (Fig. S2) that carries the
Pam3Cys modification and a mutant of Lip12 that lacks the
Braun modification (Fig. 2A) (31). The VH169 antibody from
the kidney again reacted strongly and selectively with an antigen
present in the protein markers (marker lane), the E. coli cell ex-
tract (lane 3), and a band that did not stain with ponceau red that
was present in both the wild type Lip12-Pam3cys and mutant
Lip12 preparations (lanes 5 and 6) but not with yeast or Wil2 cell
extracts or with BSA (lane 1, 2 and 4). The reactive bands did not
correspond to the Lip 12 proteins at approximately 14 kD (pon-
ceau red panel 2) and appeared to contain molecules that copur-
ified with the affinity selected Lip 12 proteins or the E. coli
derived marker proteins. The reactive antigens had molecular
sizes of approximately 10 and 35 kD relative to the protein mar-
kers (Fig. 2A). Thus, affinity chromatography turned out to be a
convenient method to enrich for the immunoreactive molecule
that copurifies with either Lip 12 or the marker proteins.

Since, the Pam3Cys functionality was not the antigen, we
turned our attention to LPS. To confirm the molecular identity of
the reactive antigen, Western blot analysis of SDS gels of E. coli
extracts and highly purified Kdo2-lipid A were used to compare
the reactivity of the antibodies produced in the kidney to that of a
commercial monoclonal anti-LPS antibody (Fig. 2B). The gels
were also stained with zinc imidazole which is relatively specific
for LPS (Fig. S3). The commercial anti-LPS antibody reacted
with a band on the gel that stained with zinc imidazole and ap-
peared identical to that recognized by the antibodies produced by
the clonal B-cells that had infiltrated the transplanted kidneys
(Fig. 2B). This low molecular weight band corresponds in size

Fig. 1. (A) Western blot analysis of the reactivity of kidney-derived ScFv antibodies VH169 and VH323 with Yeast, K12 strain of E. coli, Wil2 cell extracts, and
BSA. Control antibodies were an unrelated ScFv antibody against the IL1-RA protein and the secondary antiflag antibody (Sigma) alone. E. coli and yeast cells
were grown in appropriate media and after centrifugation the cells were lysed according to the manufacturer’s protocol using lysis buffer from Sigma Aldrich.
Nucleic acids were degraded by treatment with DNAase and RNAase. A Protease inhibitor cocktail (Roche) was added to prevent proteolytic degradation. The
extracts were separated on SDS-page gels and transferred to nitrocellulose membranes for Western blot analysis. (B) Western blot analysis of antibody re-
activity after treatment of the extracts with 0.05 N NaOH (lane 5 all panels). The E. coli extract was treated with 0.05 NaOH for 2 h and neutralized to pH 7.0
with HCl. The extracts were separated on SDS-page gels as described in Fig. 1A. (C) Molecular structures of (i) Braun N-terminal (pam3cys) modification of
bacterial lipoproteins and (ii) LPS and kdo2-Lipid A from k12 E. coli.
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to a component of LPS that contains lipid A and the inner and
outer core oligosaccharides but not the O-specific polysaccharide
chain. No binding was observed with purified Kdo2-lipid A
(C110H214N6O39P2), indicating that the lipid A moiety plus the
2-keto-2-deoxyoctulosonic acid (KDO) sugars did not constitute
the complete epitope (Fig. 2B). When the affinity-purified pre-
parations were passed over an ion exchange column to remove
LPS, the reactive antigen was eliminated (Fig. 2B). Neither our
antibody nor the commercial anti-LPS monoclonal antibody re-
acted with a mixture of glycoprotein standards (Life Technologies)
indicating that their reactivity with carbohydrate antigens is not
promiscuous (Fig. 2B). Although the lipid A plus core sugar com-
ponent of LPS has an approximate molecular weight of 2,300 Dal-
tons, it migrates on SDS gels as an approximately 10 kD molecule
relative to protein markers. Since it is known that the core region
of LPS is synthesized separately and transported to the outer sur-
face of the bacterial inner membrane where it is enzymatically
joined to the O-antigen polymer, the low molecular weight com-
ponent can be considered to be a precursor to the complete LPS
molecule. In total, our results suggest that the antibodies recognize
the core oligosaccharides of an approximately 2.3 Kd adduct.

To more precisely determine the chemical composition of the
minimal epitope that the antibodies reacted with, we took advan-
tage of an elegant series of E. coli mutants studied by the late
Christian R. Raetz and his colleagues (32, 33). Essentially, the
biosynthetic pathway of LPS requires sequential activation of var-
ious α-glycosyltranferases and mutations in these enzymes leads
to accumulation of truncated core oligosaccharides of defined
structure (Fig. S3). Analysis of these mutants by Western blots
showed that the minimal carbohydrate epitope that reacts with
the antibodies consists of two Kdo (3-deoxy-D-manno-oct-2-ulo-
sonic acid) sugars in a 1 to 5 linkage to a single L-glycero-D-man-
no-heptose (Hep) (mutant WaaC) (Fig. S4). However, the
addition of two Hep residues (WaaQ) and one each glucose (Glc)
and galactose (Gal) sugars to the core (WaaB) seems to form a
more complete epitope because the antibody reacts more strongly
with mutants WaaQ and WaaB than mutant WaaC.

To confirm these results, an orthogonal chemical approach was
used to isolate the LPS from mutants WaaB and WaaC. LPS was
extracted from E. coli into a chloroform∶methanol mixture (2∶1)
and the isolated material was analyzed by thin layer chromatogra-
phy (TLC), mass spectroscopy and Western blots. A band that
comigrated with authentic Kdo2-lipid A was observed in the
TLC plates (Fig. S5). Western blot analysis revealed that the trun-
cated form of LPS partitioned into the organic phase and, as for
the cell extracts, the anti-LPS and the kidney-derived antibodies
(VH1-69) showed stronger reactivity with the more complete
epitope present in mutant WaaB versus the minimal epitope
of mutant WaaC (Fig. 3C). Mass spectroscopy analysis confirmed
that the organic extracts of WaaB andWaaC contained molecular
ion peaks corresponding to the expected signature of LPS
(Fig. S6). No binding with control antibodies or interaction with
standard growth media was observed. The analysis of the growth
media was included to ensure that the reactive molecule did not
originate from some cross-reactive material present in the media
used to grow E. coli.

Transplant Patients have Anti-LPS Antibodies in their Plasma. We
would not expect antibodies to LPS in renal transplant patients
to be confined to the ectopic B-cell clusters that infiltrate the kid-
ney allograft. Accordingly, we studied the sera of patients that
had received a kidney transplant for the presence of LPS specific
antibodies in their sera by ELISA analysis. We studied 20 patients
each with chronic and acute allograft rejection as well as those
with well-functioning allografts. As controls, we studied 20 nor-
mal individuals and 20 patients with multiple myeloma. The latter
group was included because, although they are imunosuppresed,
they do not have the same exposure to E. coli as the kidney trans-
plant patients. Patients who were rejecting their transplants had
titers of anti-LPS antibodies than were between 2.5 and 15 times
higher than that observed in either the control group or in
patients with multiple myeloma (Student’s t-test, p ≤ 0.05)
(Fig. 4A). Although more patients needs to be studied, TX Vs
CAN titers showed a fold change of 1.25 (25% increase) with a

Fig. 2. (A) Comparison of reactivities of antigens
with the kidney-derived antibodies and a mouse
anti-LPS monoclonal antibody. Western blot analysis
of antibody reactivity with yeast, Wil2, K12 E. coli cell
extracts, BSA, and affinity selected recombinant
Lip12 which is an E. coli protein that is covalently
linked to the Pam3Cys Braun lipoprotein modifica-
tion. Cellular extracts from E. coli cells were prepared
that were expressing either the wild type Lip12 pro-
tein that has the Pam3cys modification or a mutant
where the cysteine residue to which the Pam3cys mo-
lecule is removed and therefore the mutant lacks the
Braun modification (31). The recombinant proteins
were expressed with appended histidine tags and af-
finity purified with Ni NTA resin. (B) Western blot
analysis of K12 E. coli (lane 1) yeast cell extracts (lane
2), the affinity-purified LPS containing Lip12Pam3Cys
and Lip12 mutant (lane 3,7), a mixture of glycopro-
tein standards (CandyCane from Life Technologies)
(lane 5) and E. coli Kdo2-lipid A (Avanti polar lipids)
(lane 6). The antigens were tested for their ability to
react with anti-LPS monoclonal antibodies (Abcam)
(Left panel) or the kidney-derived antibody VH1-69
(Right). In addition the wild type Lip12Pam3Cys
and Lip12 mutant preparations were passed over a
second column to remove LPS prior to Western blot
analysis (Lanes 4 and 6).
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trend towards significant (P < 0.07). Most patients with well-func-
tioning allografts and those experiencing acute rejection had anti-
LPS titers that were similar to those of normal individuals, but two
patients in the latter two cohorts had higher titers. These studies
are in agreement with the work of others that showed that, while
some “normal” individuals have antibodies to LPS, the titers are
generally much lower then those seen in patients with known in-
fections (35). The patients with multiple myeloma were interesting
because, for reasons that are presently obscure, none of them had
detectable antibodies to LPS. These ELISA results were confirmed
by Western blot analysis using cytoplasmic extracts of E. coli, hu-
man Wil2, and yeast cells as antigens. Again, as with the purified
immunoglobulins from the infiltrating B-cell clones, the antibodies
from the plasma of patients with acute rejection and chronic allo-
graft nephropathy showed strong and selective binding to the low
molecular weight E. coli band (Fig. 4B). As reported by others,
some normal individuals have antibodies that react with a “ladder”
of LPS adducts. Unlike what we observed in the transplant pa-
tients, we also observed this “laddered” pattern of reactivity in
some of our normal individuals, thereby indicating that our Wes-
tern blot gel system would allow identification of this pattern of
reactivity if it was present (Fig. S7).

The Antibodies Produced by the B-cell Clusters Neutralize LPS. The
antibodies produced by the B-cell clones that infiltrate trans-
planted kidneys could simply bind to LPS or they could both bind
and neutralize its immunostimulatory activity. To determine
whether the kidney-derived antibodies were functional, they were
tested for their ability to block the LPS mediated stimulation of
TLR4 HEK cells expressing TLR4 (Fig. 5, Fig. S8). On addition
of antibody LPS stimulation of the cells was inhibited, suggesting
that the antibody is able to block the interaction of the lipid com-

ponent of LPS with the TLR4 binding pocket. Apparently, anti-
body binding to the core sugars of LPS is sufficient to neutralize
its function, presumably by steric effects.

Discussion
The most important aspect of the present study is the finding that
the special circumstances that surround human kidney transplan-
tation may have opened a window into the consequences of a
sustained interaction between the microbiome and the immune
repertoire in man. The unique features of the transplant patient
include the presence of a foreign organ, a mechanically com-
promised urogenital tract, immunosupression, and chronic in-
flammation. We expect that there may be other as yet unrecog-
nized situations where encounters between the microbiome and
members of the immune repertoire lead to proliferation of clonal
populations of immune-competent cells and even malignancies.
Thus, these findings may relate to the pathogenesis of the clonal
proliferation of B-cells in other diseases such as lymphomas and
myelomas where the driving forces may not be as transparent
because the interactions are taking place in a less confined space.
Indeed, we already know that MALT lymphomas arise because of
the interaction between H. Pylori and certain B-cells in a situa-
tion not too dissimilar from that of human transplantation in
terms of anatomical confinement and mechanisms that allow
for enrichment of the bacterial pathogen (27–30). While many
more clones from infiltrating B-cells will have to be studied to
generalize these findings, our results from the serum already sug-
gest that antibody reactivity with LPS in transplant patients may
be a very common phenomena.

In terms of antigenic specificity, the reactivity of the kidney-
derived antibodies are in agreement with the studies of Pollack
et al., who demonstrated that human monoclonal antibodies re-
act with the core oligosaccharides in a low molecular weight ad-

Fig. 3. (A) Western blot analysis of cell extracts of K12 E. coli strains that are mutant in the biosynthesis pathway of LPS. Details about the mutations are given
in Fig. S2 A and B. Mutant E. coli cells were grown and after centrifugation the cells were lysed using lysis buffer from Sigma Aldrich. Nucleic acids were
removed by treatment with DNAase and RNAase. The extracts were separated on SDS-page gels and transferred to nitrocellulose membranes for western
blot analysis. (B) A cartoon depicting the chemical composition of the expected core LPS structure in the various mutants. (C) Western Blot analysis of purified
LPS components from mutants WaaB and WaaC extracted a by chloroform∶methanol mixture(2∶1) and separated on SDS gels. Washed bacterial pellets were
stirred in chloroform∶methanol for 12 h in a closed container and centrifuged to separate the organic phase. Equal volumes were evaporated and loaded onto
SDS-page gels. The reactivities of the kidney-derived VH-169 and anti-LPS antibodies were compared. The unrelated control antibody was a ScFv antibody
against the IL1-RA protein. The E coli K12 Keio Collection (34) mutants were provided by the late Professor Christian R. H. Raetz and his laboratory at Duke
University.

Grover et al. PNAS ∣ April 17, 2012 ∣ vol. 109 ∣ no. 16 ∣ 6039

BI
O
CH

EM
IS
TR

Y

http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1202214109/-/DCSupplemental/pnas.1202214109_SI.pdf?targetid=SF7
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1202214109/-/DCSupplemental/pnas.1202214109_SI.pdf?targetid=SF7
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1202214109/-/DCSupplemental/pnas.1202214109_SI.pdf?targetid=SF8
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1202214109/-/DCSupplemental/pnas.1202214109_SI.pdf?targetid=SF8
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1202214109/-/DCSupplemental/pnas.1202214109_SI.pdf?targetid=SF2
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1202214109/-/DCSupplemental/pnas.1202214109_SI.pdf?targetid=SF2


duct of LPS that is similar to the species described here (36).
Also, Di Padova et al. were able to generate broadly cross-reac-
tive murine monoclonal antibodies that react with the LPS core
and neutralize its activity, and Cross et al. demonstrated that anti-
bodies against the “uncapped core regions” of LPS are generated
in bacteremic patients (37, 38). Finally, the structural studies of
Brooks et al. showed that murine monoclonal antibodies to LPS
could achieve reasonable binding energy (KD ∼ 3.0 × 108 M) by
recognizing only a limited number of core sugars (39). In these
studies and ours, the likely reason that the antibodies are selective
for the lower molecular weight species is because the appended O
antigen irrespective of serotype may sterically hinder reactivity
with the core portion of LPS.

The identification of LPS as the immunogen immediately sug-
gests a mechanism for the observed clonality of the B-cell clusters
that infiltrate kidney transplants. The B-cells in these clusters
may become clonal because they have a selective advantage
for replication in that LPS can engage both the BCR and Toll-
4 receptors and is, thus, capable of costimulation of cells bearing
both receptors (15–25). In this model, one starts with a popula-
tion of B-cells where all cells have Toll-4 like receptors on their
cellular surface for which LPS is the ligand, but only a very few
have BCRs that react with LPS. In the simplest case, the BCR and
TLRs react with different regions of the LPS and are, thus, simul-
taneously engaged. Such costimulation will lead to the production
of lymphokines and cytokines that give selectable growth advan-

tage to the cells that produce them. Indeed, this costimulation
mechanism has been recently studied and discussed by others,
both in the context of immune responses to LPS and systemic
autoimmunity (15–25).

The clinical course of chronic kidney rejection seems to be
event driven. Thus, in the face of no obvious change in the status
of the alloantigen or immunosuppressive therapy, the rejection
process accelerates. Our study suggests that stochastic infection
and exposure to LPS or an antigenically related molecule might
be one of the events that drives the chronic rejection process. Ur-
inary tract infection is common in transplant patients and animal
studies of pyelonephritis have shown that morphological changes
in the kidney are associated with antibodies against lipid A (40–
42). Also, Misselwitz et al. and Mattsby-Baltzer et al. showed that
children with urinary tract infections had antibodies against lipid
A and patients with the highest titers had an increased risk of
renal scarring (42, 43). We do not know which strain of E. coli
induced the clonal B-cell infiltration of the kidney transplants
that we studied. Since the antibodies are to the more conserved
core region of LPS, the range of bacterial strains that could
induce the response is much larger than if the antibodies were
directed to the more variable O-antigen. Nevertheless, some stu-
dies have suggested that certain uropathogenic E. coli strains are
overrepresented as the risk factor for renal transplant patient
population (44, 45).

The determination of the antigen with which the antibodies
produced by the infiltrating B-cells reacts is the in situ equivalent
of classical serology that informs about the nature of an infectious
process irrespective of whether the antibody itself is pathogenic.
Thus, although one can debate the pathophysiologic conse-
quences of the appearance of the B-cell clusters themselves in
the kidney, the infectious process that initiates their homing and
proliferation is very likely to be harmful by a variety of mechan-
isms including production of proinflammatory cytokines and che-
mokines when the TLR is activated (46). While much study will
be necessary to validate the role, if any, of infection in chronic
kidney rejection, such confirmation would be important because

Fig. 4. (A) Analysis of anti-LPS titers in patients and normal controls. Plasma
samples were obtained from control normal individuals (NC), patients with
chronic allograph rejection (CAN), acute rejection (AR), well-functioning
transplants (TX), and multiple myeloma (MM). Twenty samples from each co-
hort were analyzed by ELISA using the affinity-purified LPS- Lip12Pam3Cys
preparation as an antigen. (B) Western blot analysis of Yeast, Wil2, K12 E.
coli cell extracts and BSA with the sera from the different cohorts. The anti-
gens were prepared as in Fig. 1A. The extracts were separated on SDS-page
gels and transferred to nitrocellulose membranes for Western blot analysis of
the plasma. Bindingwas detected using a secondary antihuman IgG antibody.
The control antibodies were normal plasma and antihuman IgG (Southern
biotech.) alone (Sec. control).

Fig. 5. Inhibition of LPS stimulation of HEK cells. (A) Dose response curves
for the stimulation of hTLR4 expressed on Hek-Blue-hTLR4 cells (Invivogen).
Cells were stimulated for 24 h with either purified LPS (closed circles) or (B)
affinity-purified LPS prepared as in Fig. 2A. After 7 and 20 h the cell culture
supernatant was analyzed for production of secreted embryonic alkaline
phosphatase (SEAP) using a spectrophtometric measurement at 650 nm.
The lines were obtained by a nonlinear regression analysis where the data
was fit to a four-parameter logistic equation based on a simple binding mod-
el. Error bars represent standard deviation of triplicate measurements. (C)
The ScFv VH 1-69 kidney-derived antibody versus an unrelated ScFv antibody
(anti-IL1RA) were tested for their ability to inhibit induction of SEAP by LPS
by incubating the affinity-purified LPS antigen and the antibodies for 30 min
prior to adding the mixture to the cells. Approximately 1 ng∕mL (approxi-
mately 0.2 nM) of LPS antigen was incubated with 350 nM of antibody.
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it would suggest that in patients who have rising titers of anti-LPS
antibodies, the graft might be saved by a course of antibiotics.

Material and Methods
The methods used for immunochemical analysis, analytical pro-
cedures and inhibition of LPS activity are detailed in SI Material
and Methods.
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