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Objectives: Complement activation product Cba plays a critical role
in systemic inflammatory response syndrome induced by viruses,
bacteria, and toxic agents including paraquat poisoning. This study
is to explore the efficiency of anti-C5a—based intervention on sys-
temic inflammatory responses induced by paraquat poisoning.
Design: Study of cynomolgus macaque model and plasma from
paraquat-poisoning patients.

Setting: Laboratory investigation.

*See also p. 834.
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Subjects: Cynomolgus macaque (n = 12) and samples of plasma
from patients (n = 16).

Interventions: The neutralizing antihuman Cba antibody (IFX-1)
was administered to investigate the new treatment strategy for
paraquat-induced systemic inflammatory responses in cynomol-
gus macaque model. In addition, C5a activation in plasma of para-
quat patients was blocked by IFX-1 to investigate the blockade
role of anti-Cba antibody in activation of inflammatory cells.
Measurements and Main Results: Dysregulated complement acti-
vation and the subsequent cytokine storm were found in patients
with acute lung injury and in a primate model of paraquat poison-
ing. Targeted inhibition of Cba by IFX-1 led to marked alleviation
of systemic inflammatory responses and multiple organ damage in
the primate model. In addition, blockade of Cba activity in plasma
from patients completely inhibited activation of CD11b on blood
granulocytes from normal donors, suggesting that IFX-1 may alle-
viate the excessive activation of inflammatory responses and have
clinical utility for patients with acute lung injury.

Conclusions: Anti-Cba antibodies such as IFX-1 may be used as
effective therapeutics for treatment of those suffering from sys-
temic inflammatory responses induced by chemical poisoning like
paraquat. (Crit Care Med 2018; 46:e419-e425)
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paraquat; treatment

he complement system is a pivotal component of

innate immune system and bridge of the innate and

adaptive immune responses. However, once dysregu-
lated, it can turn against host cells and is involved in numer-
ous diseases and pathologic conditions such as inflammatory
diseases, autoimmune diseases, neurodegenerative diseases,
and infectious diseases (1). Complement activation products
such as C5a play an important role in mediating proinflam-
matory activity and regulating modulatory signals (2—4).
Thus, regulation of complement activation is a promising
treatment strategy (5, 6). Regulating C5a or C5aR has proven
beneficial in animal models of transplantation, sepsis, arthri-
tis, and cancer (7-9).
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Our previous studies showed that aberrant complement
activation plays an important role in H5N1-induced acute
lung injury (ALI) in a mouse model (10) and that targeted
blockade of C5a alleviates H7N9-induced ALI in an African
Green Monkey model (11). We also demonstrated aber-
rant complement activation after paraquat poisoning in a
mouse model, suggesting that it plays a major role in para-
quat-induced ALI (12). ALI is characterized by severe lung
damage accompanied by a protein-rich pulmonary edema
(13). Lung injury is caused primarily by damage to endo-
thelial and epithelial barriers and is closely associated with
activation and infiltration by neutrophils (14). Clinically,
the main cause of ALI is bacterial or viral pneumonia,
along with sepsis, transfusions, drug reactions, or chemical
reagents (15). Although lung-protective ventilator strate-
gies have reduced mortality, no effective pharmacologic
therapy is available (16, 17). Thus, an effective means of
preventing, alleviating, or retarding systemic inflammatory
responses is required.

Chemical poisoning is a major cause of morbidity and
mortality worldwide. More than 2 million cases of chemi-
cal poisoning including paraquat are reported annually in
China, resulting in over 150,000 deaths (18-21). Death in
paraquat poisoning is either due to significant ALI or mul-
tiple organ failure (22). Oxygen-free radicals was reported
to play a role in lung injury caused by paraquat poisoning
(23). Interaction of C5a with C5aR could activate neutro-
phils and monocytes to generate oxidative burst with release
of reactive oxygen species (ROS) (24, 25), whereas intercep-
tion of C5a-C5aR signaling significantly inhibited oxidative
burst in neutrophils induced with Escherichia coli. and in
whole blood induced with Neisseria meningitides (26, 27).
Therefore, it is possible that blockade of C5a could effec-
tively alleviate ALI induced by paraquat poisoning through
the reduction of ROS release.

[FX-1 (NCT01319903; developed by InflaRx GmbH, Jena,
Germany), a highly potent neutralizing antihuman C5a mono-
clonal antibody that leaves the formation of the membrane
attack complex (MAC), is in various phase II clinical trials
(www.inflarx.de). In this study, we tested whether IFX-1 is an
effective way to alleviate ALI by blocking systemic inflamma-
tory responses in a monkey model of paraquat poisoning. The
results showed that IFX-1 alleviated ALI and reduced levels of
systemic inflammation. Importantly, in vitro data indicated
that IFX-1 effectively blocks granulocytes activation by plasma
from paraquat patients. Thus, targeting C5a might be a prom-
ising strategy for adjunctive treatment of ALI induced by toxic
agents, such as paraquat.

METHODS

Patients

Patients were prospectively recruited from the 307th Hospi-
tal of Chinese People’s Liberation Army, Beijing, China. CT
scans of the lung were performed after admission. Serum
and plasma samples from patients (n = 16) were collected
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prospectively within 2 hours after admission and stored at
—70°C until required. Samples from healthy control donors
(n = 20) were recruited using the same protocols. Written
informed consent was obtained from all subjects, and the
ethics committee approved this consent procedure. The
study conformed to protocols approved by the Beijing Insti-
tute of Microbiology and Epidemiology and the local Ethics
Committee.

Cynomolgus Macaque Model

All animal experiments were approved by the Institutional
Animal Care and Use Committee (IACUC) of the Beijing
Institute of Microbiology and Epidemiology (IACUC Permit
No. 2015-12). Cynomolgus monkeys were assigned to treat-
ment and sham treatment groups. Both received an intra-
peritoneal injection of paraquat diluted in 5mL of saline
(40 mg/kg). One hour later, the sham treatment group (n=>5)
received an IV injection of phosphate buffered saline (PBS),
whereas the treatment group (n = 5) received IFX-1 (5mg/
kg in PBS). Another group of cynomolgus monkeys (n = 2)
received an intraperitoneal injection of saline (5 mL; normal
group). Whole blood was collected at 0, 6, and 16 hours after
paraquat administration, and serum and plasma samples
were obtained and stored at —80°C. All monkeys were anes-
thetized with pentobarbital sodium at 16 hours, and necrop-
sies were performed. Lung and other tissues were collected
for pathologic and immunologic assay.

Assays

The blocking efficiency of IFX-1 was tested ina CD11b assay (11).
Damage to the lung tissues was evaluated as previously described
(28). The concentrations of C5a, C3a, and C5b-9 in plasma were
measured using human enzyme-linked immunosorbent assay
(ELISA) kits (BD Biosciences, San Jose, CA). Measurements of
inflammatory cytokines in serum were performed using ELISA
kits (U-CyTech Biosciences, Utrecht, The Netherlands; Uscn Life
Sciences, Houston, TX; or eBioscience, Austria, respectively).
The analysis of C3c deposition and expression of C3a receptor
(C3aR), C5a receptor (C5aR), CD68, myeloperoxidase, surfac-
tant protein A (SP-A), and vascular endothelial-cadherin were
detected by immunohistochemistry staining. The relative expres-
sion of VE-cadherin was analyzed using the 224" method (29).
For detailed information, see Supplemental Material (Supple-
mental Digital Content 1, http://links.Iww.com/CCM/D159).

Statistical Analysis

Data from semiquantitative histopathologic analyses and
semiquantitative analysis of macrophage and neutrophil
counts were analyzed using Student t test with Welch’s cor-
rection. Differences in inflammatory cytokine and chemo-
kine concentrations between the groups at the indicated time
points were compared using two-way analysis of variance
with Bonferroni’s posttest. p values less than 0.05 were con-
sidered significant. Data are expressed as the mean =+ sem. All
analyses were performed using GraphPad Prism, version 5.0
(GraphPad Software, San Diego, CA).
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RESULTS

Aberrant Complement Activation and Systemic
Inflammatory Responses in Patients With Paraquat
Poisoning

Patients with paraquat ingestion from 20 to 60 years old. Some
patients were sent to hospital 2 or 3 hours after poisoning, while
some others were sent after a longer period of time. Neverthe-
less, the patients had similar clinical presentations and similar
abnormal laboratory readings. Patients showed evidence of ALI,
which included advanced changes to the air spaces in the lung
lobes on chest CT (Fig. 1A). Elevated levels of inflammatory
cytokines (Supplemental Fig. 1, Supplemental Digital Content
2, http://links.lww.com/CCM/D160; legend, Supplemental Digi-
tal Content 1, http://links.lww.com/CCM/D159) and abnormal
laboratory readings (i.e., elevated alanine aminotransferase
[ALT], aspartate aminotransferase [AST], creatinine [CRE], and
blood urea nitrogen [BUN] levels) (Supplemental Table 1, Sup-
plemental Digital Content 3, http://links.lww.com/CCM/D161)
suggested systemic inflammatory responses and multiple -organ
damage. The concentrations of C5a (p < 0.01) and C5b-9 (p <
0.001) in paraquat patients were significantly higher than those
in healthy donors (Fig. 1B). Clinical data indicated that paraquat
ingestion contributes to acute inflammatory responses, which is
closely associated with aberrant complement activation.

Aberrant Complement Activation and Systemic
Inflammatory Responses in Cynomolgus Macaques
Treated With Paraquat

Previously, we used a nonhuman primate model to show that
Cb5a is an effective target for treatment of ALI induced by viral
infection (11). However, little is known about the role of aber-
rant complement activation in paraquat-induced ALIL Here, we
established a cynomolgus macaque model of paraquat-induced
ALI to better understand the role of complement and to identify
therapeutic targets. After paraquat administration, the monkeys
showed typical ALI characteristics, including scattered hyper-
emia, thickened alveolar septa, and infiltration of inflamma-
tory cells accompanied by cellular degeneration and/or necrosis
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Figure 1. CT images and aberrant complement activation in patients with
paraquat (PQ) poisoning. A, CT images from one patient taken at different
times post admission. B, Quantitative enzyme-linked immunosorbent
assays were used to measure the concentrations of Cba and C5b-9 in
plasma from patients (n = 10—16). Data are expressed as the mean +
sem. “p < 0.01, and **p < 0.001 (Student t test).
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(Supplemental Fig. 24, Supplemental Digital Content 4, http://
links.Iww.com/CCM/D162; legend, Supplemental Digital Con-
tent 1, http://links.lww.com/CCM/D159). At 6 hours, after
paraquat administration, the serum concentrations of inter-
leukin (IL)-1f, IL-6, tumor necrosis factor (TNF)—a, IP-10,
and MCP-1 were marked higher than those in control animals
(Supplemental Fig. 2B, Supplemental Digital Content 4, http://
links.lww.com/CCM/D162; legend, Supplemental Digital Con-
tent 1, http://links.lww.com/CCM/D159). The concentration
of C3a, C5a, and C5b-9, indicators of complement activation,
was also significantly higher in paraquat-treated animals at the
same time point (Supplemental Fig. 34, Supplemental Digital
Content 5, http://links.lww.com/CCM/D163; legend, Supple-
mental Digital Content 1, http://links.Iww.com/CCM/D159).
Paraquat up-regulated expression of C3aR and C5aR in lung tis-
sues relative to that in normal lung tissues. Deposition of C3c
was greater in lung tissues from paraquat-treated animals than
in those from untreated animals (Supplemental Fig. 3B, Sup-
plemental Digital Content 5, http://links.lww.com/CCM/D163;
legend, Supplemental Digital Content 1, http://links.Iww.com/
CCM/D159). Taken together, these data further support aber-
rant activation of the complement system. One may argue that
the route of administration of paraquat to macaques is differ-
ent from that to the patients with paraquat poisoning as men-
tioned above. Because of the difficulty to control the amount
of paraquat applied orally due to the severe vomit, we had to
administer paraquat intraperitoneally according to the dynamic
distribution and absorption of paraquat (30, 31) and obtained
reproducible results which consistent with those from testing
the blood samples of the patients with paraquat poisoning.

IFX-1 Improves Paraquat-Induced Clinical Signs in
Cynomolgus Macaques

Complement activation products C5a play an important role
in proinflammatory responses. To determine whether IFX-1
could alleviate the clinical signs of paraquat poisoning, we
compared hemograms, C-reactive protein (CRP), ALT, BUN,
CRE concentrations, and the prothrombin time (PT) in IFX-
I-treated (or not) cynomolgus macaques at 16 hours post
paraquat administration. We found that the number of lym-
phocytes and eosinophils decreased significantly after para-
quat administration, whereas the number of neutrophils and
monocytes increased. Surprisingly, in contrast to the sham
treatment group, the IFX-1 treatment group had fewer neu-
trophils (p < 0.001) and monocytes (p < 0.05) at 16 hours post
paraquat administration. Compared with the sham treatment
group, the IFX-1-treated group showed a sharp decrease in
CRP, CRE, BUN, ALT, and AST levels, suggesting that IFX-1
reduced acute systemic inflammatory responses induced by
paraquat. In addition, IFX-1 shortened the PT (p < 0.05), indi-
cating that the antibody also inhibited the coagulation cascade
(Supplemental Fig. 4, Supplemental Digital Content 6, http://
links.Iww.com/CCM/D164; legend, Supplemental Digital Con-
tent 1, http://linkslww.com/CCM/D159). Coagulation abnor-
mality has been suggested as one of the prognostic factors for
ALlI/acute respiratory distress syndrome (32, 33).
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Anti-C5a Treatment Reduces Inflammatory
Responses in Cynomolgus Macaques Treated With
Paraquat
To determine the effect of anti-Cba treatment on the local and
systemic inflammatory responses initiated by paraquat, we
measured inflammatory cytokines and chemokines in serum
samples. Paraquat administration led to a significant increase
in the serum concentration of all cytokines/chemokines tested.
However, IFX-1 led to a significant reduction in serum IL-1f3,
IL-6, TNF-a, and MCP-1 (Fig. 2). IFX-1 also caused a signifi-
cant reduction in plasma concentrations of C5a (p < 0.001),
but not C3a or C5b-9 (Supplemental Fig. 54, Supplemental
Digital Content 7, http://links.Iww.com/CCM/D165; legend,
Supplemental Digital Content 1, http://links.lww.com/CCM/
D159). These data suggest that IFX-1 is highly specific for C5a.
Local infiltration by inflammatory cells plays an important
role in tissue damage. Therefore, to determine the effects of
IFX-1 on infiltration of lung tissue by neutrophils and mac-
rophages, we stained tissue sections for myeloperoxidase and
CD68. The results showed that paraquat administration led
to a marked increase in the number of myeloperoxidase- and
CD68-positive cells in the lung at 16 hours (Fig. 3, A and B;
and Supplemental Fig. 5B, Supplemental Digital Content
7, http://links.lww.com/CCM/D165; legend, Supplemental
Digital Content 1, http://links.lww.com/CCM/D159); these
numbers were significantly lower in IFX-1-treated lungs. Thus,
anti-Cba treatment might be a promising strategy for reducing
both systemic and local inflammatory responses in ALL

Anti-C5a Treatment Ameliorates Paraquat-Induced
Tissue Injury in Cynomolgus Macaques

Gross necropsy at 16 hours post paraquat administration
revealed that the lungs of cynomolgus macaques in the sham

treatment group were cardinal red, whereas the lungs of
cynomolgus macaques receiving IFX-1 were a lighter shade
(Fig. 4A). Microscopic observation of lungs from sham-
treated cynomolgus macaques at 16 hours post paraquat
administration showed hemorrhagic alveolar damage char-
acterized by scattered hyperemia, thickened alveolar septa,
and infiltration by moderate numbers of neutrophils and
macrophages, and degeneration or necrosis of the alveolar
epithelium, with vacuolization of pneumocytes or with kary-
orrhexis and loss of cellular detail. Less exudation and some
foamy alveolar macrophages and scattered neutrophils and
erythrocytes were also observed in the alveolar lumen. How-
ever, the lungs of IFX-1-treated animals showed less severe
damage, with some thickening of alveolar septa (Fig. 4B;
and Supplemental Fig. 6, Supplemental Digital Content 8,
http://links.lww.com/CCM/D166; legend, Supplemental
Digital Content 1, http://links.lww.com/CCM/D159).

SP-A is a pulmonary surfactant primarily responsible for
reducing surface tension at the air-liquid interface in the alve-
oli and plays an important role in the innate host defense and
regulation of the inflammatory process in the lung (34). To
further study the effect of IFX-1 on injury to the lung paren-
chyma, we examined expression of SP-A by immunobhisto-
chemistry. IFX-1 treatment increased expression of SP-A,
suggesting that it may help protect alveolar epithelial cells
(Fig.4B).In addition, the expression and transcription level of
VE-cadherin, a molecule important for maintaining endothe-
lial barrier integrity in lung microvessels (35), increased sig-
nificantly at 16 hours post I[FX-1 treatment (p < 0.01), further
confirming that anti-C5a treatment protects lung integrity
and function during paraquat-induced ALI (Supplemental
Fig. 6, A and C, Supplemental Digital Content 8, http://links.
Iww.com/CCM/D166; legend, Supplemental Digital Content
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Figure 2. IFX-1 reduces systemic inflammatory responses in cynomolgus macaques with paraquat
(PQ)-induced acute lung injury. Quantitative enzyme-linked immunosorbent assays were used to measure

the concentrations of interleukin (IL)—1, IL-6, tumor necrosis factor (TNF)—a, interferon (IFN)-y, interferon-
gamma-inducible protein (IP)-10, monocyte chemotactic protein (MCP)-1 in serum from IFX-1-treated and
Sham-treated monkeys at 16 hr post PQ administration. Data are expressed as the mean * sem (n =5 in each
group). *p < 0.05, *p < 0.01, and **p < 0.001 (two-way analysis of variance with Bonferroni's posttest).
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D159) in paraquat-treated
cynomolgus macaques. The
results indicated that anti-
C5a treatment not only alle-
viated tissue damage but also
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Figure 3. IFX-1 reduces inflammatory responses in lung tissue in
cynomolgus macaques with paraquat (PQ)-induced acute lung injury.
A-B, The semiquantitative analysis of neutrophils (A) and macrophages
(B) infiltration in the lungs of IFX-1—treated and Sham-treated monkeys
at 16hr post PQ administration. Representative images are shown (n =
5 in each group). “p < 0.01 and **p < 0.001 (Student ¢ test with Welch's
correction). MPO = myeloperoxidase.

IFX-1-treated

A Sham-treated

Figure 4. IFX-1 treatment ameliorates the pathology associated with
paraquat (PQ)—induced acute lung injury in cynomolgus macaques. A-B,
Gross necropsy (A) and hematoxylin and eosin-staining (B) of lung
tissue obtained 16hr after PQ administration. The lungs of cynomolgus
macaques in the Sham treatment group were cardinal red with
hemorrhagic alveolar damage in microscopic observation, whereas those
in IFX-1-treated animals were a lighter shade with less severe damage.

mitigated an aberrant immune response induced by paraquat
administration.

IFX-1 Effectively Reduces Granulocyte Activation
Induced by Plasma From Paraquat Patients

Normal human blood and plasma from paraquat patients were
incubated in the presence/absence of IFX-1, and CD11b expres-
sion by granulocytes was analyzed. Paraquat-mediated up-reg-
ulation of CD11b expression by granulocytes was completely
blocked by IFX-1 at 80nM (Fig. 5A); the efficiency of blockade
was consistent and significant when compared with that in the
control group (p < 0.001) (Fig. 5B). The results indicate that
complement activation occurred in paraquat-poisoned patients
and that complement inhibition by the anti-C5a antibody may
be an effective strategy for limiting activation of inflammatory
cells, thereby reducing associated tissue damage.

Critical Care Medicine
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Figure 5. IFX-1 treatment inhibits paraquat (PQ)—induced activation

of granulocytes in human blood. A, IFX-1 blocks Cba activity in patient
plasma. The CD11b assay was performed by incubating normal human
blood with plasma from PQ patients and a graded concentration of IFX-1.
B, IFX-1 effectively inhibits up-regulation of CD11b expression. Normal
human blood was incubated with plasma from PQ patients, with or without
IFX-1,and CD11b expression on granulocytes was examined. Data are
expressed as the mean £ sem (n = 17 patients). **p < 0.001 (one-way
analysis of variance with Dunnett’s posttest). MFI = mean of fluorescence
intensity, PBS = phosphate buffered saline.

DISCUSSION

ALI is an important cause of acute respiratory failure and is
often associated with damage to multiple organs. Resolution of
ALI requires repair of epithelial and endothelial barriers and the
removal of inflammatory cells and exudate from the distal air-
spaces, all of which depend on the balance between inflamma-
tory interactions and molecular signals (36, 37). Patients with
paraquat poisoning develop ALI symptoms and typically die of
multiple organ failure (38). A mouse model of paraquat-induced
ALI showed strong activation of the complement system, result-
ing in tissue damage (12). Here, we observed aberrant comple-
ment activation in patients who had ingested paraquat and in a
primate model of paraquat-induced ALIL This suggests that tar-
geting complement activation might be a promising therapeutic
approach to ALI induced by chemical agents.

The complement system is a key upstream sensor and effec-
tor system whose activation products are important regula-
tors of immunologic and inflammatory processes; however,
they also participate in many diseases and disorders (1). C5a
is a major anaphylatoxin and exerts strong proinflammatory
effects by targeting a broad spectrum of immune and nonim-
mune cells, affecting the migration of macrophages and neu-
trophils, and inducing synthesis of other chemotactic factors
(2, 24). Furthermore, C5a triggers an oxidative burst in macro-
phages, neutrophils, and eosinophils and increases TNF-o and
IL-1P gene expression and protein synthesis by macrophages
(39). In a previous study, we showed that IFX-1 reduced serum
levels of TNF-a, IL-1f3, and IL-6 in African Green Monkeys
infected with H7NO virus (11). Here, we used a monkey model
of paraquat-induced ALI to show that IFX-1 reduced the num-
ber of inflammatory cell infiltrating in lung, as well as levels
of CRP, BUN, ALT and IL-1f, TNF-a, IL-6, thereby reducing
injury to the lung, spleen, kidney, and intestine.
e423
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Altered permeability of the alveolar endothelial and epithe-
lial barriers remains a central pathophysiologic event in ALL
Indeed, the pulmonary endothelium plays a key role in the
development of ALI (40, 41). Once activated, endothelial cells
secrete cytokines and chemokines such as TNF-a,, IL-1f3, and
MCP-1, which recruit neutrophils and macrophages and con-
tribute to collateral cell damage and organ dysfunction. Zeng
etal (42) demonstrated that H5N1-induced damage to pulmo-
nary endothelial cells triggered host inflammatory responses
and that C5a may participate in endothelial activation and
affect expression of adhesion molecules. We found that IFX-1
increased VE-cadherin expression and alleviated lung lesions,
suggesting that decreased activation of endothelial cells and
an improved endothelial barrier in the lung contribute to an
improved outcome. IFX-1 may also preserve lung function, as
evidenced by the increased SP-A level in treated animals. SP-A
is closely associated with lung structure and innate immune
responses. It is unclear whether alveolar epithelial injury is
primary to paraquat insult or secondary to lung endothelial
injury. Nonetheless, it is evident that damage to epithelial and
endothelial cells converges on a common pathway, resulting in
diffuse alveolar damage. As such, reduced endothelial activa-
tion and protection of lung epithelial cells may be a potential
mechanism underlying C5a blockade.

Evidence indicates that therapeutic modulation of C5a
or C5 is a promising treatment for inflammatory disorders
(43). Different from other complement blocking agents such
as eculizumab, IFX-1 provides effective and specific blockade
of C5a without disturbing the C5b assembly arm required
for MAC formation (11); this may play an important role in
host defense against secondary bacterial and fungal pneu-
monia that typically occurs in patients who suffer from ALL
Previously, we showed that IFX-1 effectively inhibits eC5a in
humans and African Green Monkeys, thereby alleviating lung
injury induced by H7N9 virus (11). Here, we found that C5a
remained at basal levels after IFX-1 treatment, indicating that
C5a can be effectively blocked without affecting the upstream
pathways of complement activation.

Plasma obtained from paraquat patients activated blood
granulocytes; this was completely abolished by IFX-1. In addi-
tion, targeting C5a with IFX-1 led to a marked weakening
of the inflammatory responses and alleviated tissue damage,
especially in the lung, kidney, and spleen. We also detected the
complement activation in patients with ALI suffering from
other chemical poisoning, including pesticides and herbicides
(data not shown), the results showed that C5a was elevated
significantly, indicating the possible role of C5a in lung injury
induced by these types of chemical poisonings. These results
suggest that blocking complement activation is an effective
therapeutic approach to the treatment of ALI induced by toxic
agents such as paraquat.

CONCLUSIONS
We have demonstrated that aberrant complement activation
plays an important role in paraquat poisoning—induced ALIL.
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Paraquat ingestion unleashes a C5a-induced cytokine storm
in a primate model and in patients with paraquat-induced
ALL Blockade of C5a using a neutralizing anti-C5a anti-
body IFX-1 significantly alleviated the systemic inflamma-
tory responses and associated ALI in the paraquat-ingested
primate model. Blockade of C5a activity with IFX-1 in
plasma from paraquat-poisoned patients completely inhib-
ited activation of CD11b on blood granulocytes from nor-
mal donors. Treatment of paraquat-induced ALI with IFX-1
may be potential clinical application and may also have clin-
ical utility for those suffering from ALI induced by other
chemical poisoning.
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