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Abstract

Background/Aims: After 9/11, multiple government agencies instituted programs aimed at
developing medical radiation countermeasures (MRCs) for two syndromes lethal within weeks
of a limited nuclear attack; the hematopoietic-acute radiation syndrome (H-ARS) and the
higher-dose gastrointestinal-acute radiation syndrome (GI-ARS). While re-purposing drugs
that enhance marrow repopulation treats H-ARS, no mitigator protects Gl tract. Methods:
We recently reported anti-ceramide 6B5 single-chain variable fragment (scFv) pre-treatment
abrogates ongoing small intestinal endothelial apoptosis to rescue Lgr5+* stem cells, preventing
GI-ARS lethality in C57B/L6) mice. Here, with US Department of Defense support, we provide
evidence that humanized anti-ceramide scFv (CX-01) is a promising prophylactic MRC for first
responders, who risk exposure upon entering a radiation-contaminated site. Results: CX-01,
when delivered up to 90 min before irradiation, is highly-effective in preventing small intestinal
endothelial apoptosis in mice and lethality in both sexes. Unexpectedly, females require an
~2-fold higher CX-01 dose than males for full protection. CX-01 is effective subcutaneously
and intramuscularly, a property critical for battlefield use. Increasing the maximally-effective
dose 5-fold does not extend duration of bioeffectiveness. Conclusion: While CX-01 prevents
GI-ARS lethality, structural modification to extend half-life may be necessary to optimize first

responder prophylaxis. © 2024 The Author(s). Published by
Cell Physiol Biochem Press GmbH&Co. KG
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Introduction

Possibility of a radiation disaster by way of nuclear detonation, terrorist activity,
or healthcare or industrial accident has long existed, however since 9/11 the perceived
threat of attack using a radiation dispersal device has increased urgency for safe and
effective medical radiation countermeasures (MRCs) [1-3]. The US Department of Defense
has interest in developing agents which can be administered prior to exposure or soon
after exposure under mass casualty conditions to protect first responders, military, and
specialized technical personnel, who must enter an area affected by nuclear catastrophe [4].
Thus, novel therapeutic strategies represent an unmet need, especially for drugs specific for
organs known to be at risk for potentially lethal radiation injury.

The Gastrointestinal-Acute Radiation Syndrome (GI-ARS) is a major lethal radiotoxicity
that involves destruction of crypt/villus units, resulting in mucosal denudation, loss of
nutrient adsorption and susceptibility to infection by resident bacterial flora. Clinically, the
GI-ARS presents with anorexia, vomiting, diarrhea, dehydration, systemic infection, and in
extreme cases, septic shock and death within days of exposure [5-7]. While the relevant
radiation target for the GI-ARS is considered the intestinal stem cell (ISC) compartment within
the crypt of Lieberkiihn [8-12], no effective MRC for GI-ARS lethality is currently available as
prophylaxis for ISC radiation injury. Our lab has provided evidence that in addition to direct
ISC damage, ceramide-mediated vascular injury is critical for evolution of this syndrome
due to formation of macrodomains on the endothelial cell surface termed ceramide-rich
platforms, which transmit an apoptotic signal [13-17]. Further, we recently reported that
anti-ceramide 6B5 single chain variable fragment (scFv) binds to and neutralizes the pro-
apoptotic lipid ceramide on the GI endothelial cell surface, preventing endothelial cell
CRP formation and abrogating apoptosis, which enhances Lgr5+ small intestinal stem cell
regeneration, protecting against GI-ARS pathophysiology and lethality [18].

During radiological/nuclear incidents, the role of first responders includes securing
the scene, decontaminating victims when needed, triaging and stabilizing patients, and
providing treatment where appropriate [19-21]. It is thus critical that first responders be
protected from radiation exposure during performance of these duties. However, numerous
challenges existin protecting firstresponders againstinadvertent radiation exposure as many
responders lack basic knowledge of mechanisms of radiation exposure and preventative
measures designed to reduce exposure, potentially leading to radiation “dread”, a potential
confounder of emergency response that may affect first responders’ willingness to work in
areas where radioactive contamination is present. Availability of medical countermeasure
prophylaxis might significantly mitigate impact of radiation dread, helping to maintain
adequate radiation safety among first responders and emergency personnel, and improve
their willingness to work during future radiological or nuclear events [22-24]. To date, no
agent has received US FDA approval for GI-ARS as a radioprotector or radiomitigator. The
current studies were designed to explore potential for anti-ceramide scFv prophylaxis of
first responders during a nuclear catastrophe. An scFv would appear ideally suited for use
in emergency scenarios as early evidence indicates it is available for administration by the
subcutaneous route, has minimal toxicity, and is highly effective against GI-ARS lethality
in well-established mouse models [18]. Here we explore in detail parameters of delivery
that provide important information regarding future steps necessary for development of
anti-ceramide 6B5 scFv (using a humanized version known as CX-01, a compound under
development by Ceramedix Inc., a company that has licensed this technology) as an effective
MRC of GI-ARS lethality.
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Materials and Methods

Materials. CX-01 (Lot # TP40533F), a humanized variant of anti-ceramide 6B5 [18], was provided by
Ceramedix Holdings LLC at a concentration of 5.5mg/ml in HEPES buffer.

Radiation source. Radiation was delivered to C57BL/6] mice (The Jackson Lab #000664) using a
Shepherd Mark-I unit (Model 68, SN643) operating a *’Cs source at a dose rate of 1.48 Gy/min. The dose
rate was established by Memorial Sloan-Kettering Cancer Center dedicated dosimetrists using a calibrated
A12 ion chamber placed at the center of the irradiator turntable. The exposure rate was converted to dose
rate to muscle in free space using the f-factor, 0.96 cGy/R. Output rates were adjusted for the decay of *’Cs
(half-life of 30 years), on a 6-monthly basis. Original measurements, made at the time of commissioning,
have been validated, most recently in 2015 and 2020. For prophylactic studies, pre-treatment with CX-01
was at 30 to 270 mins prior to irradiation, as indicated.

Survival of mice after whole body irradiation. Actuarial survival of irradiated 8-12-week-old mice
was calculated by the product limit Kaplan-Meier method [29]. Bone marrow cells obtained from male or
female mice, harvested from the femur and tibia of C57BL/6] littermates, were washed, resuspended in
culture medium, and at 20 hours post irradiation injected via tail vein (5x10° marrow cells/mouse) into
sex-matched animals. Terminally sick animals displaying an agonal breathing pattern were sacrificed by
hypercapnia asphyxiation. Note that commercial C57BL/6] male mice were subjected to the LD, dose of
15 Gy for the GI-ARS as published [18], whereas in most experiments female mice were subject to the LD
dose of 14.62 Gy.

Quantification of apoptosis. Endothelial cell apoptosis was quantified in vivo in the small intestinal
lamina propria following double staining with TUNEL, to detect apoptotic cells, and the endothelial cell
surface marker MECA-32, as published by us [16, 30]. Briefly, mice were sacrificed at the indicated times
postirradiation by CO,asphyxiationand proximal jejunum at 10 cm from the Ligament of Treitz was fixed in
4% paraformaldehyde, embedded in paraffin, and 5-pm circumferential sections were stained sequentially
with TUNEL assay and monoclonal antibody MECA-32. Apoptotic endothelial cells display a brown TUNEL
positive nuclear signal surrounded by a dark blue plasma membrane signal indicative of MECA-32 staining.
Data (mean * SD) are derived from 150-200 imaged fields (40x) across 5-10 mice per group collated from
2 independent experiments.

Statistical analysis: Statistical analyses of grouped data was performed using GraphPad Prism 8.0. For
endothelial apoptosis experiments, unpaired t-tests were employed to evaluate statistical significance of
differences, and 2-way ANOVA regression models were used to examine the difference between male and
female mice. For animal survival studies the Kaplan-Meier method was used to estimate survival rates, and
2-way ANOVA (when survival was evaluated as binary outcome within 90 days) or log-rank test (when
survival was evaluated as time-to-event data) was carried out for statistical comparison between sex or
among various groups in terms of dose or timing. We considered p-values of less than 0.05 to be statistically
significant and p > 0.05 not significant.

Results

Determination of the optimal anti-ceramide CX-01 prophylactic dose

Our previous data suggest that when irradiating 8-12-week-old C57BL/6] male mice
with 15 Gy, the 90% lethal dose (LD, for the GI-ARS in this mouse strain, the optimal
protective dose of CX-01 against GI-ARS lethality is approximately 100 pg CX-01/mouse [18].
Here we perform full dose profiling from 25-200 pg per 8-12-week-old male and female mice
administered in 25 pg increments to formally detail the optimal protective doses of CX-01,
examining endothelial cell apoptosis at 6 hours post 15 Gy and Kaplan Meier Survival, as
published [16]. For these initial studies, anti-ceramide CX-01 was delivered as prophylaxis
subcutaneously at 30 minutes prior to irradiation. Fig. 1 shows histologic sections thatdisplay
typical endothelial cell apoptosis in irradiated villi double stained with TUNEL and MECA-
32, respectively, and counterstained with hematoxylin. Apoptotic endothelial cells (arrows)
manifest a red-brown nuclear TUNEL signal surrounded by a blue-black membrane MECA-
32-stained perimeter. Apoptotic endothelial cells in male mice exhibit an inverse profile
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Fig. 1. CX-01 prophylaxis dose-dependently inhibits radiation-induced small intestinal endothelial cell
apoptosis. 8-10-week-old C57BL/6] male mice were administrated CX-01 via s.c. injection at 30 min prior
to 15Gy WBI with full dose profiling from 25-200 pug CX-01/mouse. At 6 h post irradiation mice were
sacrificed by CO, asphyxiation and proximal jejunal circumferences at 10 cm from the Ligament of Treitz
were prepared. Representative bright field images (40x) of 5-pum thick sections display villus endothelial
cells undergoing apoptosis as determined by double staining for the endothelial cell surface marker MECA-
32 (dark blue plasma membrane signal) and TUNEL (brown nuclear apoptotic signal), respectively. Normal
nuclei (purple) are counterstained using hematoxylin. Scale bar: 20 um.

relative to CX-01 concentration (Fig. 2A) with as little as 50 pg CX-01/mouse being effective,
and a maximal effect achieved with 125 pg CX-01/mouse. Transformation of data yields an
IC,,=61.7 £ 5.7 ug CX-01/mouse (Fig. 2C).

As preliminary data indicated female mice might be more resistant to CX-01
radioprotection than male mice, the dose range was extended to 50-225 pg per 8-12-week-
old female mice. Detailed dose range studies confirm that female mice display resistance
to the inhibitory effect of anti-ceramide CX-01 compared with male mice with a minimally
effective dose of 100 pg CX-01/female mouse and a maximal effect achieved with 150 pg
CX-01/female mouse (Fig. 2B). Transformation of data yields a higher IC, value for female
than male mice = 106.8 + 8.0 pg CX-01/female mouse (Fig. 2C; p<0.001 vs. male mice). Note,
8-12-week-old female mice weigh on average 20 g, whereas 8-12-week-old male mice weigh
on average 25 g. Hence, the dose range used here in females is 2.5 - 11.25 mg/kg while the
dose range in males is 1 - 8 mg/kg, and IC, values are 5.3 mg/kg for females and 2.5 mg/kg
for males, more than a 2-fold difference.
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Fig. 2. Quantitation of dose dependent CX-01
prophylaxis of radiation-induced small intestinal
endothelial apoptosis. (A) CX-01 was administered
to C57BL/6] male mice s.c. at 30 min prior to 15Gy
WBI with full CX-01 dose profiling from 25-200 pg
CX-01/mouse. Endothelial apoptosis was identified
at 6 h post irradiation by microscopic detection of
TUNEL/MECA-32 double-positive endothelial cells
as in Fig. 1. Data (mean * SD) represent apoptotic
endothelial cells/villus unit collated from 5 male
mice/group, analyzing approximately 150-200
imaged fields. Unpaired t-test was employed to
evaluate statistical significance of differences. (B) CX-
01 was administered to C57BL/6] female mice s.c. at
30 min prior to 14.62Gy WBI with full dose profiling
from 25-200 pg CX-01/mouse. Endothelial apoptosis
was identified as in (A). (C) Transformed data depict
female mice as more resistant to CX-01 prophylaxis
of radiation-induced apoptosis compared with age-
matched male mice. 2-way ANOVA was carried out
for statistical comparison of male and female ICs,
values.

Based on these differences in CX-01
dosing, we fine-detailed the dose-range for
Kaplan-Meier survival in female mice. We
determined that 8-12-week-old C57BL/6]
female mice were slightly more radiation
sensitive than males with an LD,, dose of
14.62 Gy, a dose used throughout the rest of
the studies reported here (Supplemental Fig.
1). Subsequent Kaplan Meier studies show,
similar to the endothelial cell apoptosis
data above, that female mice require higher
doses of CX-01 to prevent GI-ARS lethality
compared with male mice (Fig. 3A, B). As
compared with endothelial cell apoptosis
there was more variability in the protective
effect provided by CX-01 against GI-ARS
lethality for both sexes. Data transformation
(Fig. 3C) yielded IC, values for protection against GI-ARS lethality of 47.0 + 3.0 ug CX-01/8-
12-week-old male mice versus 159.1 + 17.4 ug CX-01/8-12-week-old female mice (p=0.0199).

Determination of the optimal anti-ceramide CX-01 prophylactic schedule

Preliminary data indicate that anti-ceramide CX-01 can be delivered effectively as
prophylaxis at any time within 1-hour preceding radiation exposure. Based on dose
dependence studies performed above, formal scheduling studies were performed using a
slightly more than maximally-effective dose of 150 pg for male mice and 200 pg for females,
delivering CX-01 in %2 hour increments in progressively longer intervals prior to irradiation,
evaluating the two GI-ARS assays described above. Fig. 4 shows that the optimal window of
time for administration of anti-ceramide CX-01 pre-treatment to provide maximal protection
from endothelial cell apoptosis in the small intestinal lamina propria of 8-12-week-old male
C57BL/6] mice is within 120 minutes preceding radiation exposure in both male and female
mice. Timing of CX-01 administration for achieving 50% protection in male mice is 156.2
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Fig. 3. Dose dependence of CX-01
radiation prophylaxis of Kaplan
Meier survival from GI-ARS lethality.
(A) CX-01 was administered s.c. at 30
min prior to 15Gy WBI with full dose
profiling from 50-200 pg CX-01/male
mouse. (B) CX-01 was administered at
30 min prior to 14.62Gy WBI with full
dose profiling from 50-225 pg CX-01/
female mouse. (C) Data transformation
revealed for male mice IC;, = 47.04
pg CX-01 and for female mice the ICy,
= 159.1 pg CX-01 (p = 0.0199). Mice
were monitored for survival for 90
days. Bone marrow cells (5x106 cells/
mouse) transplanted at 20 hours
post irradiation were injected via tail
vein into animals. 15 mice were used
in each study group. Kaplan-Meier
method was used to estimate survival
rates and 2-way ANOVA was carried
out for statistical comparison of male
and female ICg values.

minutes and in female mice is
128.79 minutes, a difference
that is statistically significant
(p=0.0309). Complementary
studies examining Kaplan
Meier survival (Fig. 5) show

the optimal window of time

for administration of anti-
ceramide CX-01 to provide maximal prophylaxis from GI-ARS lethality in 8-12-week-
old C57BL/6] mice is within 90 minutes in both male and female mice. Timing of CX-01
administration for achieving 50% survival in male mice is 128.2 minutes and in female mice
is 121.9 minutes (p=0.169).

Determination of the optimal anti-ceramide CX-01 route of administration

Preliminary investigations indicate that anti-ceramide CX-01 might be similarly effective
as prophylaxis when delivered by subcutaneous or intramuscular routes. Fig. 6 formally
shows that anti-ceramide CX-01, when delivered at 30 minutes prior to 15 Gy irradiation, is
equally effective by the intramuscular or subcutaneous route of administration in preventing
radiation-induced intestinal damage from endothelial cell apoptosis, examined at 6 hours
post radiation, in both male and female mice. Complementary studies examining Kaplan
Meier survival show 80% survival of mice with either the intramuscular or subcutaneous
route of administration. These latter survival data are thus highly consistent with the
endothelial apoptosis studies.

Determination of whether increasing CX-01 dose to supra-optimal levels will extend the

period of effectiveness

A study performed by the Radiation Countermeasures Program at NIAID was conducted
at SRI International to determine the safety of 6B5 scFv as a single dose administered
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Fig. 4. Time dependence of CX-01 prophylaxis of
radiation-induced endothelial cell apoptosis. (A)
CX-01 was administered in half-hour increments
preceding 15Gy (at -30 to -270 min) using the
optimal dose of 150 pg CX-01/male mouse.
Endothelial apoptosis was quantified at 6 h post-
irradiation by TUNEL/MECA-32 double staining
as in Fig. 2. Data (mean * SD) represent apoptotic
endothelial cells/villus unit collated from 5
male mice/group, analyzing approximately 150-
200 imaged fields. Unpaired t-test was employed
to evaluate statistical significance of differences.
(B) CX-01 was administered in half-hour
increments preceding 14.62Gy (at-30 to -270 min)
using the optimal dose of 200 pg CX-01/female
mouse. Endothelial apoptosis was quantified as in
(A). (C) Transformed data depict time-dependent
inhibition of radiation-induced endothelial
apoptosis in intestines by CX-01. Timing of CX-01
administration for achieving 50% protection in
male mice = 156.2 minutes and in females = 128.7
minutes (p = 0.0309). 2-way ANOVA was carried
out for statistical comparison of male and female
Ts, values.

subcutaneously to female C57BL/6] mice
(SRI  Study RO050-18). No test-article
related effects were observed for clinical
observations, body weights, clinical
pathology, macroscopic or microscopic
evaluations. Results from this study
showed that the maximum tolerated dose
(MTD) and the ‘no observed adverse effect
level (or NOAEL) is at least ~832 nug/8-
10-week-old female mouse (or 33.3 mg/
kg) for 6B5 scFv, which is >4X the optimal
dose of 200 pg/8-10-week-old female
mouse reported here. These findings are
consistent with the biology, which indicates
absent significant membrane stress, this
system is in the “off” state, and hence there

is almost no available ceramide antigen on the surface of an endothelial cell [14, 25-28].
Fig. 7A, C shows that delivery of 5X the maximally-effective CX-01 dose for each sex, as
described above, is most effective in preventing endothelial apoptosis when delivered at
-30 to -120 minutes preceding irradiation, and equally effective as the 1X dose (p=0.151 in
male, p=0.059 in female). We conclude that increasing the dose to supra-optimal 5X levels
likely only marginally improves outcome when compared to the 1X maximal dose in both
male and female mice. Complementary studies examining Kaplan Meier survival (Fig. 7B, D)
show very similar data for 1X and 5X doses of CX-01 in protecting against GI-ARS lethality in
both male and female mice (p=0.053 in male, p=0.346 in female), highly consistent with the

endothelial apoptosis studies.
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Discussion

The current study is the
first to detail the potential use
of anti-ceramide scFv CX-01 as a
radioprotectorforfirstresponders
to a nuclear catastrophe, and
demonstrates novel findings,
some of which are unanticipated.
Firstly, these studies show that
female and male mice display
similar levels of protection from
small intestinal endothelial cell
apoptosis, a critical mediator of
GI-ARS morbidity and mortality, as
well as similar levels of protection
from radiation-induced lethality.
Additionally, in both sexes
subcutaneous and intramuscular
routes of CX-01 administration
are effective, optimal timing of
CX-01 delivery is similar, and
increasing dose is ineffective in
prolonging radioprotection. While
capability of peripheral delivery
will ease drug administration
under mass casualty conditions,
human females may, based on
the current data set in rodents,
require significantly larger doses
of CX-01 compared with males
to obtain comparable protection
from endothelial cell apoptosis
and GI-ARS lethality. The reason
for this difference is currently
unknown. Fig. 8 displays an up-
to-date schema that provides a
rationale for use of CX-01 as an
MRC for first responders to a
nuclear catastrophe in the context
of GI-ARS pathophysiology, as we
now understand it.

While anti-ceramide 6B5,
the parental monoclonal Ab from
which CX-01 was derived, was
originally isolated as a murine
IgG, and thereafter humanized
and reduced in size to permit
access via the subcutaneous and
intramuscular routes, in so doing

Fig. 5. Time dependence of CX-01 radiation prophylaxis of
Kaplan Meier survival. (A) CX-01 was administered in half-
hour increments preceding 15Gy (at -30 to -270 min) using the
optimal dose of 150 pg CX-01/25 male mouse. (B) CX-01 was
administered in half-hour increments preceding 14.62Gy (at-30
to -270 min) using optimal dose 200 pg CX-01/female mouse.
(C) Transformed data show the time of CX-01 pre-treatment for
achieving 50% survival in male mice = 128.2 minutes and in
females = 121.9 minutes (p = 0.169). Mice were monitored for
90 days to determine survival. Bone marrow cells (5x106 cells/
mouse) transplanted at 20 hours post irradiation were injected
via tail vein into animals. 15 mice were used in each study group.
Kaplan-Meier method was used to estimate survival rates and
2-way ANOVA was carried out for statistical comparison of male
and female T;, values.

the half-life was shortened in mice from days to hours [18]. This property did not seem
to impinge on use of CX-01 as an effective mitigator of ongoing endothelial apoptosis and
ensuing GI-ARS lethality in the same C57BL/6] model used in the current study. However, the
short half-life might be an impediment for development of CX-01 as potential prophylaxis
for first responders, as shown in the current study. While it may be possible to use CX-01
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Fig. 6. Determination of CX-01
optimal route of administration.
(A) CX-01 was administered at
30 min via s.c. and i.m. routes,
respectively, prior to 15Gy WBI
using the optimal dose of 150
pg/male  mouse.  Endothelial
apoptosis was identified at 6 h
post irradiation by microscopic
detection of TUNEL/MECA-32
double-positive endothelial cells.
Data (mean * SD) represent
apoptotic endothelial cells/villus
unit collated from 5 male mice/
group, analyzing approximately
150-200 imaged fields. (B) Kaplan
Meier studies to determine CX-01
optimal route of administration in
male mice (15 mice per group) for
protection from GI-ARS lethality.
(C) CX-01 was administered at 30 min via s.c. and i.m. routes, respectively, prior to 14.62Gy WBI using the
optimal dose of 200 pg CX-01/female mouse. Endothelial apoptosis was quantified as in (A). Data (mean
+ SD) represent apoptotic endothelial cells/villus unit collated from 5 female male mice/group, analyzing
approximately 150-200 imaged fields. (D) Kaplan Meier studies to determine CX-01 optimal route of
administration in female mice (15 mice per group) for protection from GI-ARS lethality. Unpaired t-tests
were employed to evaluate statistical significance of differences in (4, C). Log-rank tests were carried out to
evaluate statistical significance in (B, D).

as it is currently designed with repeated injections, perhaps by using an auto-injector in
a mass casualty setting, a more reasonable approach to this problem might be to increase
half-life by increasing fragment size, while retaining complementarity-determining regions
necessary for antigen recognition. In this context, our studies using 2A2 anti-ceramide Ab
showed that a Fab fragment of 2A2 anti-ceramide Ab with a MW ~50 kDa (vs. 29 kDa for
CX-01), retained bioeffectiveness in C57BL/6 mice (Rotolo ] and Kolesnick R, unpublished).
Furthermore, preliminary data indicate that even CX-01, when re-engineered to contain a
full-length Fc, retains bioeffectiveness when delivered subcutaneously or intramuscularly
(Kumar, P and Kolesnick, R, unpublished). Hence, re-design of CX-01 to be more user friendly
in battlefield conditions might be warranted.

Apilotstudy funded by NIAID under a Nonclinical Evaluation Agreement with Ceramedix,
conducted by Stanford Research International (SRI) at Citox Labs (now Charles River
Laboratories) evaluated PK and efficacy of HIS-tagged CX-01 in non-human primates (rhesus
macaques), with and without irradiation. Our MSK laboratory was under sub-contract for
these studies. Data (R Kolesnick et al., unpublished) from the GI tract and lungs of these
animals showed the following findings: 1) The time course and magnitude of the endothelial
apoptotic response in the NHP GI tract after a GI-ARS LD, dose of 11.5 Gy with 5% partial
body irradiation are highly similar between mice and monkeys; 2) Allometrically scaled CX-
01 was effective as a protector and dose-dependently as a mitigator of GI endothelial cell
apoptosis; 3) Similar kinetics and CX-01 protection/mitigation of endothelial cell apoptosis
were detected in rhesus lungs when compared with GI tract; 4) There were no differences
between the sexes (although this study was limited to 1 male and female per time point).
These data, which are currently in process of being written up for publication, provide cross-
species validation of the rationale for pursuing development of CX-01 as an MRC and support
the notion of its redesign, based on information from the current studies, of CX-01 for use as
prophylaxis for first responders to a nuclear disaster.
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Fig. 7. Impact of 1X and 5X CX-
01 doses on time dependence
of radiation  prophylaxis.
(A) CX-01 was administered
s.c. in half-hour increments
preceding 15Gy (at -30 to -270
min) comparing the supra-
optimal dose of 5x150pug
CX-01/male mouse to the
maximally effective dose of 150
pg CX-01/male mouse. 5 male
mice were used in each study
group. Endothelial apoptosis
was quantified as in Figs. 1 and
2. Transformed data depict
highly similar dose-dependent
inhibitory profiles of radiation-
induced endothelial apoptosis
using 1X and 5X CX-01 doses.
(B) Kaplan Meier studies were
performed as in A monitoring
mice for 90 days. Timing of CX-
01 administration for achieving 50% survival after 1X dosing = 128.2 minutes and after 5X dosing = 180.8 minutes
(p = 0.43). 15 mice were used in each study group. (C) CX-01 was administered s.c. in half-hour increments
preceding 14.62Gy (at -30 to -270 min) comparing the supra-optimal dose of 5x200 pg CX-01/female mouse
to the maximally effective dose of 200 pg CX-01/female mouse. 5 female mice were used in each study group.
Endothelial apoptosis was analyzed as in A. Transformed data depict highly similar dose-dependent inhibition
of radiation-induced endothelial apoptosis in the small intestines of female mice by CX-01 1X and 5X doses. (D)
Kaplan Meier studies to determine time dependent CX-01 protection of female mice from GI-ARS lethality using
1X and 5X doses were performed as in C. Survival was monitored at 90 days. Timing of CX-01 administration for
achieving 50% survival after 1X dosing = 121.9 minutes and after 5X dosing = 123.9 minutes (p = 0.92). 15 mice
were used in each study group. 2-way ANOVA was carried out for statistical comparisons in these studies.

Fig. 8. Schematic mechanism of XRT-
induced intestinal damage. Ultra-high dose
ionizing radiation (XRT) simultaneously
injures epithelial cell DNA and endothelial
cell plasma membranes. Unrepaired
double strand breaks degenerate into
chromosomal aberrations which lead to
epithelial cell necrotic death. Endothelial
cells rapidly release large amounts of acid
sphingomyelinase (ASMase) that hydrolyzes
sphingomyelin preferentially concentrated
in the outer endothelial plasma membrane to
generate ceramide. Ceramide, due to unique
biophysical properties, rapidly self-associates
into a large macrodomain termed a ceramide-
rich platform (CRP), which transmits an
apoptotic signal. Concomitant epithelial
and endothelial injury act synthetically to
yield irreversible intestinal stem cell loss.
Delivery of an anti-ceramide antibody CX-01
to neutralize the pro-apoptotic lipid ceramide
on the GI endothelial cell surface can prevent
CRP formation, abrogating endothelial
apoptosis, protecting against crypt stem cell loss and GI-ARS lethality.
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