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Procalcitonin (PCT) is expressed in nonthryoidal tissues of humans
during severe infections. Serum PCT levels are measured to diagnose
and guide therapy, and there is some evidence that PCT may also
contribute to the pathogenesis of sepsis. We testedwhether disrup-
tion of the gene encoding PCT in mice affected the course of sepsis.
Mice with exons 2–5 of the gene encoding calcitonin/calcitonin
gene–related polypeptide a (Calca) knocked out and congenic
C57BL/6J control mice were challengedwith aerosolized Streptococ-
cus pneumoniae or Pseudomonas aeruginosa, or injected intraperito-
neally with S. pneumoniae. There were no significant differences in
the survival of knockout and control mice in the two pneumonia
models, and no significant differences in weight loss, splenic bacte-
rial counts, or blood leukocyte levels in the peritoneal sepsis model.
To verify disruption of the Calca gene in knockoutmice, the absence
of calcitonin in the serum of knockout mice and its presence and
inducibility in controlmicewere confirmed. To evaluate PCT expres-
sion innonthyroidal tissuesofcontrolmice, transcriptsweremeasured
inmultiple organs. PCT transcriptswere not significantly expressed in
liver or spleen of control mice challenged with aerosolized P. aerugi-
nosa or intraperitoneal endotoxin, andwere expressed in lung only at
low levels, even though serum IL-6 rose 3,548-fold.We conclude that
mice are not an ideal loss-of-functionmodel to test the role of PCT in
the pathogenesis of sepsis because of low nonendocrine PCT expres-
sion during infection and inflammation. Nonetheless, our studies
demonstrate that nonendocrine PCT expression is not necessary for
adverse outcomes from sepsis.
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The CALCA gene encodes the polypeptides procalcitonin (PCT)
and PCT gene–related peptide a (proCGRPa), which are differ-
entially expressed by alternative splicing (1, 2). In normal healthy
humans, PCT is selectively produced by C cells of the thyroid and
undergoes proteolytic cleavage intracellularly before being re-
leased as the mature calcitonin (CT) polypeptide. In pathologic
inflammatory conditions, such as sepsis, pneumonia, burn,
trauma, and pancreatitis, PCT is widely produced by nonendo-
crine parenchymal cells, but does not undergo proteolytic cleavage
before being released. Circulating PCT is metabolized only slowly,

and can therefore be used as a biomarker of inflammatory con-
ditions. Measurement of PCT levels has been used to help
guide the diagnosis of pneumonia and sepsis, prognosticate out-
come, and guide antibiotic usage (3–5).

Aside from its role as a biomarker, there is evidence that PCT
may participate in the pathophysiology of sepsis. In animal mod-
els, both gain-of-function and loss-of-function studies support
a causal role of PCT in worsening outcomes. In a hamster model
of sepsis, the administration of human PCT worsened mortality
(6), whereas, in hamster, rat, and pig models of sepsis, the immu-
noneutralization of PCT reduced the severity of hypotension and
rate of mortality (6–9). These findings are surprising, because
patients with thyroidal and other tumors may have very elevated
PCT levels without apparent adverse effects, although it is pos-
sible that elevated PCT levels exert an adverse effect only in
septic conditions or when they rise rapidly. However, the gain-
of-function experimental approach was subject to artifact in that
endogenous PCT may not naturally achieve the level or rate of
rise reached by exogenous administration, and the exogenous
PCT polypeptide was from a different species, and so could trig-
ger an immune recognition response (6). The immunoneutrali-
zation loss-of-function approach was subject to artifact in that
PCT–antibody complexes might have immunomodulatory roles,
and the antibodies were from different species, and so could
themselves trigger an immune recognition response (6–9). To test
further the role of PCT in the outcome of sepsis with a genetic
loss-of-function approach that is free from these possible arti-
facts, we used gene-targeted mice that lack expression of PCT
and proCGRPa.

MATERIALS AND METHODS

Mice

Mice with exons 2–5 of the Calca gene knocked out (KO mice) were
generated as previously described (2), and crossed for 10 generations to
a C57BL/6J background. Control wild-type (WT) C57BL/6J mice were
purchased from the Jackson Laboratory (Bar Harbor, ME) and bred
within our colony. All mice were handled in accordance with the In-
stitutional Animal Care and Use Committee of the M. D. Anderson
Cancer Center. Mice were examined twice daily by veterinarians blinded
to their genotypes, and, if distressed, were killed with an intraperitoneal
injection (5 ml/kg) of a mixture of ketamine (37.5 mg/ml), xylazine (1.9
mg/ml), and acepromazine (0.37 mg/ml).

Infectious Challenges

For the gram-positive pneumonia model, Streptococcus pneumoniae
serotype 4 isolated from the blood of a patient with pneumonia and
passaged serially through mice to select for virulence toward mice was
stored as frozen stock (1 3 109 CFU/ml), as previously described (10).
Thawed stock was grown in Todd-Hewett broth in logarithmic phase,
then washed and resuspended in PBS. For the pneumonia model, 10 ml
of the suspension (5–6 3 1010 CFU/ml) was placed in an Aerotech
nebulizer (Biodex Medical Systems, Shirley, NY) driven by 10 L/min
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of 5% CO2 in air to promote deep ventilation, connected by polyeth-
ylene tubing to a 10-L polyethylene exposure chamber with an efflux
tube containing a low-resistance microbial filter vented to a biosafety
hood, all as previously described (10). Mice of both genotypes were
placed in the exposure chamber together so the bacterial challenge was
similar for all mice, and aerosolization was continued for 1 hour. For
the gram-negative pneumonia model, Pseudomonas aeruginosa strain
PA103 was grown in tryptic soy broth as described previously (11),
then washed and resuspended in PBS to 3–4 3 106 CFU/ml, and aero-
solized as above. For the infectious peritonitis model, 50–100 CFU of S.
pneumoniae were injected intraperitoneally in 0.1 ml PBS, and weight
loss after 24 hours was measured as an indicator of sepsis severity. Mice
were then killed, blood was obtained by cardiac puncture, and leuko-
cyte counts were measured using a Coulter counter (Beckman Coulter,
Danvers, MA). The spleen was homogenized in PBS, and bacterial titers
were determined by plating serial dilutions on blood agar (Remel,
Lenexa, KS), as previously described (10).

Measurement of Serum CT and PCT Immunoreactivity

Combined serum levels of CT and PCT were measured by two different
techniques that do not distinguish between them. The first techniquewas
a two-site immunoradiometric assay using a kit (no. 50-5000; Immu-
topics, San Clemente, CA) with two different antibodies to rat CT—
a mouse monoclonal antibody immobilized on plastic beads to capture
CT and PCT polypeptides, and radiolabeled affinity-purified polyclonal
goat antibodies for detection. As rat and mouse CT are highly homol-
ogous in their coding sequence, this assay detects both. Because the
relative abundance of CT and PCT in the samples is not known, the
results are reported as pooled CT/PCT molar concentrations rather
than the more conventional mass concentrations. The second technique
was a standard radioimmunoassay using rabbit polyclonal antibodies to
human CT with cross-reactivity to mouse CT (12). Because the relative
sensitivity for mouse CT is not known, the results are reported as
arbitrary units. To stimulate CT release independent of PCT release,
mice were injected intraperitoneally with human parathyroid hormone
(0.5 mg/g body weight) to elevate serum calcium levels (2). To stimulate
both CT and PCT release, mice were exposed to aerosolized S. pneumoniae
or P. aeruginosa as described previously here. We attempted to measure
mouse PCT separately from CT using the Brahms PCT Sensitive Kryptor
Assay (Thermo Fisher Scientific,Waltham,MA) designed for measurement
of PCT in human subjects, and a Mouse PCT ELISA (M7878; TSZ Scien-
tific, Biotang, Inc., Waltham, MA), both according to the manufacturers’
recommendations.

Measurement of PCT Transcripts and Serum

Cytokine Levels

Mice were challenged with aerosolized P. aeruginosa as described pre-
viously here, and killed after 7 hours when the first mouse died sud-
denly and the others showed signs of distress. Thyroid, lung, liver, and
spleen were harvested, frozen in liquid nitrogen, and then placed in
a 2808C freezer until purification of total RNA using an RNeasy Mini
Kit (Qiagen, Valencia, CA). Mice were also challenged in a noninfec-
tious inflammation model by intraperitoneal injection of 100 mg of
Escherichia coli endotoxin (Sigma-Aldrich, St. Louis, MO) in 0.1 ml
PBS. After 4 or 24 hours, they were killed, organs were harvested for
measurement of PCT transcripts, and blood was obtained by cardiac
puncture for measurement of cytokines by two multiplex methods: Lumi-
nex xMAP (EMD Millipore, Billerica, MA), which uses custom-made
fluorescent magnetic beads in a microtiter plate format, and a Mouse
Pro-Inflammatory Cytokine 7-Plex Array (Meso Scale Discovery, Gai-
thersburg, MD), which uses electrochemiluminescence of binding events
on patterned arrays. Results with both methods were similar, and only
results using Luminex xMAP are illustrated. Quantitative RT-PCR (qRT-
PCR) of PCT transcripts was performed using biological cDNA replicates
and technical qRT-PCR triplicates. Reverse transcription was performed
with qScript cDNA SuperMix (Quanta Biosciences, Gaithersburg, MD).
The qRT-PCR reactions were performed in a 20-ml reaction mix that
included 8 ng of cDNA, FAM-labeled PCT exon 3–4 assay primers (assay
ID: Mm00801464_m1; Life Technologies, Carlsbad, CA), VIC-labeled
glyceraldehyde 3-phosphate dehydrogenase endogenous control assay
primers (catalog no. 4352339E; Life Technologies), PerfeCta qRT-PCR

FastMix (Quanta Biosciences), and uracil-N-glycolase (Quanta Bio-
sciences). Following uracil-N-glycolase incubation and AmpliTaq (Life
Technologies) activation, 40 cycles of 958C for 3 seconds and 608C for 30
seconds were performed using a OneStep real-time PCR system (Life
Technologies). Relative quantitation values were calculated using the
DDCT method subtracting glyceraldehyde 3-phosphate dehydrogenase
cycle threshold values from PCT values.

Statistical Analyses

Proportions of mice surviving pathogen challenges were compared using
Fisher’s exact test. A Kaplan-Meier analysis was not performed, be-
cause almost all the mice died within a single observation period. Sum-
mary statistics for changes in mouse weight, bacterial and leukocyte
counts, CT and PCT polypeptide levels, cytokine levels, and PCT tran-
scripts were compared using Student’s t test with Bonferroni’s adjust-
ment for multiple comparisons. Calculations were performed using SPSS
Statistics (IBM Software, Armonk, NY), and P values less than 0.05 were
considered significant. Error bars illustrate the SEM in all figures. All
data shown are representative of at least two independent experiments,
and were not combined for analysis because of differences in the rates of
death in WT mice among experiments that could not be controlled.

RESULTS

Pneumonia Models

Mice of both genotypes were challenged with aerosolized S. pneu-
moniae or P. aeruginosa using concentrations titrated to cause
the deaths of 20–80% of WT mice so that either increased or
decreased survival could be detected in KO relative to WT
mice. Most mice challenged with S. pneumoniae died by the
third day, and most mice challenged with P. aeruginosa died
by the second day (data not shown), but small numbers died as
late as the fourth day, so overall survival was followed for 7 days.
In the gram-positive (S. pneumoniae) challenge (Figure 1A), the
7-day survival rate of WT mice was 3/13 (23%) versus 3/14
(21.4%) for KOmice (P¼ 1.0). In the gram-negative (P. aeruginosa)
challenge (Figure 1B), the 7-day survival rate of WT mice was 2/
10 (20%) versus 2/11 (18.2%) for KO mice (P ¼ 1.0). There
were no significant differences in the survival of WT and KO
mice in any of the gram-positive or gram-negative pneumonic
challenges.

Peritonitis Model

After intraperitoneal challenge with the same virulent strain of
S. pneumoniae, mice die between 24 and 48 hours, and weight
loss and splenic bacterial counts measured at 24 hours strongly
predict mortality (10). Baseline weights (30.4 g versus 32.1 g)
and leukocyte counts (8.0 3 106/ml versus 7.8 3 106/ml) were

Figure 1. Responses of wild-type (WT) and Calca knockout (KO) mice

to pneumonic challenges. (A) WT (n ¼ 13) and KO (n ¼ 14) mice were
exposed to aerosolized Streptococcus pneumoniae (6.0 3 1010 CFU/ml

for 60 min), and survival was measured after 7 days. (B) WT (n ¼ 10)

and KO (n ¼ 11) mice were exposed to aerosolized Pseudomonas aer-

uginosa (3.7 3 106 CFU/ml for 60 min), and survival was measured
after 7 days.
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similar in WT and KO mice, and there were no significant dif-
ferences between WT and KO mice 24 hours after challenge in
weight loss (4.8% versus 4.6%; P ¼ 0.24; Figure 2A), splenic
bacterial counts (1.9 3 107 versus 1.6 3 107; P ¼ 0.31; Figure
2B), or leukocyte counts (5.8 3 106/ml versus 6.2 3 106/ml; P ¼
0.68; Figure 2C). Lymphocyte counts did fall significantly in
challenged WT mice compared with unchallenged WT mice
(1.3 3 106/ml versus 4.6 3 106/ml; P ¼ 0.01), but there were
no significant differences between challenged WT and KO mice
or between challenged and unchallenged KO mice (Figure 2C),
and no significant differences in other leukocyte subsets.

Serum CT/PCT Immunoreactivity

The Calca gene KO mice used in these experiments have been
shown previously to lack detectable CT or CGRPa in the thy-
roid gland by RT-PCR, immunohistochemistry, and two-site
immunoradiometric assay (2). Because of the lack of differences
in outcomes of infectious challenges in the current study, we
sought to confirm the absence of CT/PCT in the circulation of
KO mice and its presence in WT mice. We found no detectable
CT/PCT immunoreactivity in the serum of KO animals at base-
line by two-site immunoradiometric assay, whereas it was de-
tectable in the serum of WT mice (Figure 3A). At 24 hours after
S. pneumoniae infection by aerosol challenge, serum CT/PCT
immunoreactivity rose 2.1-fold (P , 0.001) in WT mice, but
remained undetectable in KO mice (Figure 3A). Samples were
also assayed using a standard radioimmunoassay for CT in a sep-
arate experiment (12). Serum CT/PCT immunoreactivity was de-
tectable at baseline in WT mice and rose 4.4-fold (P , 0.001)
after stimulation with parathyroid hormone and 2.6-fold (P ,
0.001) 24 hours after S. pneumoniae infection, but was unde-
tectable in KO mice in any of these conditions (Figure 3B).

PCT Expression

We next sought to determine whether mice express PCT in non-
thyroidal tissue during infection or inflammation. We were

unable to detect PCT in the serum of WT mice 24 hours after
aerosol challenge with S. pneumonia or P. aeruginosa using either
a clinical assay for PCT in human subjects or an assay for mouse
PCT (data not shown). However the sensitivity of these assays
for mouse PCT is not known.

To evaluate further the expression of PCT in WT mice, we
used a qRT-PCR assay targeting the exon 3/4 splicing junction.
At baseline, PCT transcripts were four orders of magnitudemore
abundant in thyroid than in lung (Figure 4A), which contains
neuroendocrine cells that express CGRP and low levels of PCT
(5, 13, 14). Transcripts were not detectable in liver, spleen (Fig-
ure 4A), or other tissues (data not shown). PCT transcripts did
not rise significantly in any tissue 7 hours after aerosol challenge
with P. aeruginosa, and remained undetectable in liver and
spleen (data not shown).

To be certain that mice were being tested during a temporal
window in which they were both sufficiently healthy to mount an
inflammatory response and sufficiently stimulated to induce a re-
sponse, WT mice were challenged intraperitoneally with endo-
toxin and their cytokine responses were measured. None of the
mice died from the challenge or displayed behavioral changes,
such as huddling together or ruffling their fur that might suggest
endotoxic shock. Levels of TNF-a, IL-10, IL-6, and keratinocyte
chemoattractant (CXCL1) were very low in unchallenged WT
mice (Figure 4B). At 4 hours after challenge, levels of all four
cytokines rose dramatically (TNF-a rose 22-fold, from 4.1 to
91.8 ng/ml [P , 0.001]; IL-10 rose 147-fold, from 3.1 to 448.9
ng/ml [P, 0.001]; IL-6 rose 3,548-fold, from 8.2 to 29,069.8 ng/ml
[P , 0.001]; CXCL1 rose 240-fold, from 102.0 to 24,516.0 ng/ml
[P, 0.001]), confirming the sufficiency of the stimulus. However,
PCT transcripts remained unchanged in livers and spleens from
the same mice (Figure 4A). There was a 3.8-fold (P ¼ 0.004) rise
in PCT transcripts in thyroid at 24 hours (Figure 4A), similar to
the rise in serum CT after infectious challenge (Figures 3A and
3B), and an 11.4-fold (P , 0.001) rise in the low level of PCT
transcripts in lungs at 4 hours, which returned to baseline at 24
hours (Figure 4A). Transcripts in thyroid tissue were more than
1,000-fold greater than in nonthyroidal tissues at all time points
(Figure 4A), in contrast to differences of less than 100-fold in septic
hamsters that have a measureable rise in serum PCT (14).

DISCUSSION

Sepsis is a common and serious disorder, with more than 700,000
cases per year in North America and a mortality of 30–50% (15).
Therefore, a therapy that could alter mortality from sepsis would
have great medical importance. Prior preclinical studies in ham-
ster, pig, and rat models of sepsis in which PCT levels were
manipulated by administration of exogenous polypeptide or
immunoneutralization of endogenous polypeptide suggested
that PCT plays an important role in sepsis outcomes as follows.
In a hamster model of sepsis induced by surgical implantation
into the peritoneal cavity of toxigenic E. coli embedded in agar,
the administration of human PCT increased mortality from 56
to 93% (6). Conversely, the prophylactic administration of goat
antiserum against PCT reduced mortality from 62 to 6% in the
same model, and the therapeutic administration of antiserum
1 hour after microbial challenge reduced mortality from 82 to
54% (6). In a pig model of sepsis induced by surgical implanta-
tion into the peritoneal cavity of a mixture of autologous cecal
contents and toxigenic E. coli suspended in water, prophylactic
intravenous administration of pooled Igs from rabbits immu-
nized against a porcine PCT peptide improved physiologic and
metabolic parameters and reduced mortality from 100 to 14%
(9). Therapeutic administration of Igs 3 hours after challenge in
the same model reduced mortality from 100 to 20% (7). In a rat

Figure 2. Responses of WT and Calca KO mice to septic peritoneal

challenge. WT and KO mice (five per group) were injected intraperito-

neally with 100 ml of an S. pneumonia suspension (50–100 CFU), then
killed and evaluated after 24 hours. (A) Weight change 24 hours after

challenge measured as the percent decrease from baseline weight. (B)

Splenic bacterial counts measured in CFU 24 hours after challenge. (C)

Leukocyte counts in blood obtained by cardiac puncture 24 hours after
challenge. *P ¼ 0.01 compared with unchallenged WT mice.
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model of sepsis induced by intraperitoneal injection of bacterial
LPS, prophylactic intraperitoneal injection of rabbit antibod-
ies or a mouse monoclonal antibody against human PCT re-
duced mortality from 100% to 15% and 30%, respectively,
and therapeutic injection 2 hours after LPS reduced mortality
to 45% (8). Taken together, these results, in a variety of
animal models, challenged with a variety of infectious and
inflammatory insults, suggest that PCT or its metabolic prod-
ucts play an important role in the pathogenesis of mortality
from sepsis. However, all of these experiments are subject to
the possibility of artifacts, including immune reactions to for-
eign PCT and foreign antibodies, the formation of immune
complexes, and nonphysiologic kinetics of changes in PCT
levels.

To assess the role of PCT in sepsis free from these possible
artifacts, we used a mouse loss-of-function genetic model. There
were no significant differences between WT and Calca KO mice
in the course of serious infection in any of three separate models
of bacterial challenge (Figures 1 and 2). However, our failure to
detect PCT in the serum of WT mice or of PCT transcripts in
nonthyroidal tissue, aside from lung, in a variety of infectious
and inflammatory challenges limits the utility of the mouse as an

animal model to test whether PCT contributes to the patho-
physiology of sepsis. In particular, the nonlethal challenge with
endotoxin establishes the inability of mice to express PCT in
nonthyroidal tissue (Figure 4). This experiment was performed
because we considered the possibility that mice in our infectious
challenges transitioned from a localized infection to septic
death too rapidly to mount a nonthyroidal PCT response.
Therefore, we wanted to be certain that mice were being tested
during a temporal window in which they were both sufficiently
stimulated to induce a strong response and sufficiently healthy
to mount the response. The sufficiency of the inflammatory
stimulus is indicated by the marked rise in cytokines 4 hours
after endotoxin injection (Figure 4B), and the health of the
animals is indicated by the fact that none of the mice displayed
distressed behavior or died spontaneously before they were
killed at 4 or 24 hours after endotoxin injection (Figure 4B).
The fact that PCT transcripts did not rise in livers or spleens
from these mice (Figure 4A), yet were readily detectable in
thyroids from the same animals where they rose with inflamma-
tory (Figure 4A) and infectious (Figure 3) challenges, strongly
supports the inability of mice to express PCT in nonthyroidal
tissue.

Figure 3. Serum procalcitonin (PCT) and
calcitonin (CT) immunoreactivity in WT

and Calca KO mice. (A) Combined levels

of serum PCT and CT were measured in

WT and KO mice (five per group) using
a two-site immunoradiometric assay for

rat CT, both under baseline (Bsln) condi-

tions and 24 hours after challenge with
5.0 3 1010 CFU/ml of aerosolized

S. pneumoniae (S.p.) that kills 20–80%

of infected mice after 3 days. *P ,
0.001 compared with unchallenged WT
mice. (B) Combined levels of serum PCT

and CT were measured in WT and Calca

KO mice (five per group) using a stan-

dard radioimmunoassay for human CT
under baseline control conditions, 24

hours after challenge with 5.0 3 1010

CFU/ml of aerosolized S. pneumoniae,
or 2 hours after intraperitoneal challenge

with human parathyroid hormone (0.5

mg/g body weight) to elevate serum cal-

cium levels. *P , 0.001 compared with
unchallenged WT mice.

Figure 4. Expression of tissue PCT tran-

scripts and serum cytokines in mice

challenged with intraperitoneal endo-
toxin. (A) WT mice (five per time point)

were injected intraperitoneally with

100 mg of Escherichia coli endotoxin,

killed after 4 or 24 hours, and organs
were harvested for the measurement

of PCT transcripts by quantitative RT-

PCR. The levels of PCT transcripts were
normalized to glyceraldehyde 3-phosphate

dehydrogenase (GAPDH) transcripts in

the same organs, and are expressed rela-

tive to PCT transcripts in thyroid at base-
line. *P , 0.001 compared with PCT

transcripts in thyroid of unchallenged

mice; #P , 0.001 for lung transcripts

and P ¼ 0.004 for thyroid transcripts compared with unchallenged mice. (B) Blood from the same mice as in (A) was obtained by cardiac
puncture for measurement of serum cytokines by multiplexed assay. *P , 0.001 compared with unchallenged mice.
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Despite this limitation of the mouse as an experimental model
to evaluate the role of PCT in the pathogenesis of sepsis, the fact
that KO mice in our infectious challenges experienced acute
weight loss (Figure 2A) and mortality (Figure 1) suggests that
circulating PCT is not necessary for severe physiologic compro-
mise or death in mammals. However, whether elevated circulat-
ing PCT causes worse outcomes could not be evaluated. It would
be feasible to introduce exogenous mouse PCT during infectious
challenges to test the latter possibility, but a negative result might
not be informative, because, if mice do not release PCT into the
circulation as our results suggest, they may also lack receptors
that could mediate PCT activity. Of interest, rats also appear to
have weak or absent nonthyroidal PCT expression, because the
area under the curve for serum PCT rose less than twofold in
response to LPS or muramyl dipeptide challenge in a prior study,
whereas the areas under the curve for several cytokines had fold
increases in the hundreds to thousands (16).

Alternative interpretations of our results include the possibility
that simultaneous ablation of the expression of PCT and other
Calca gene products induced opposing effects that canceled each
other out. For example, injection of CGRPa protected mice
against lethal endotoxemia in one model system (17). However,
the fact that CGRPa has proinflammatory effects in other model
systems (18) suggests that pretreatment of mice with CGRPa may
have conditioned them to tolerate endotoxin, rather than acting
directly to mitigate sepsis. Similarly, the carboxyterminus peptides
encoded by the CT transcript (CCP-I) may also be capable of
signaling (19). Another possibility is that lifelong absence of the
polypeptides encoded by the Calca gene in our KO mice results
in compensatory effects that undermine the straightforward in-
terpretation of our results. Finally, the mouse genome encodes
a closely related gene, Calcb, which expresses proCGRPb, but
does not contain an open reading frame for exon 4 that is ho-
mologous to PCT, so is unlikely to confound our results (20).

In view of the importance of advancing therapies for sepsis,
further preclinical investigations of the role of PCT seem war-
ranted. These might include the use of a neutralizing monoclo-
nal antibody genetically modified to minimize differences from
the experimental host outside the region of antigen recognition.
This approach would have the advantage of modeling a plausi-
ble therapeutic strategy in humans. Furthermore, multiple PCT
epitopes could be targeted to support the possibility of a class
effect of this therapeutic strategy, and a single neutralizing
monoclonal antibody could be engineered to be compatible
with multiple experimental animal species. Additional genetic
approaches might include disruption of the entire Calca gene or
selective regions encoding individual peptides in an animal
model that experiences a rise in circulating PCT during sepsis,
such as the pig.

In summary, deletion of the gene encoding PCT did not influ-
ence the course of sepsis in three separate mouse models of infec-
tion. However, the significance of these findings is limited by the
fact that PCTdoes not appear to be substantially expressed in non-
thyroidal tissues in mice.
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