
Front. Biosci. (Landmark Ed) 2026; 31(7): 52437
https://doi.org/10.31083/FBL52437

Copyright: © 2026 The Author(s). Published by IMR Press.
This is an open access article under the CC BY 4.0 license.

Publisher’s Note: IMR Press stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Original Research

Nplate (Romiplostim) Restores Blood Counts and Accelerates Wound
Healing Following Radiation Combined Injury in Mice
Li Wang1,2,3,* , Bin Lin1,2, Min Zhai1,2, Wanchang Cui1,4, Lisa Hull1,2, Alex Zizzo1,
Georgetta Cannon1, Mang Xiao1, Juliann G. Kiang1,4,5,*
1Radiation Combined Injury Program, Armed Forces Radiobiology Research Institute, Uniformed Services University of the Health Sciences, Bethesda,
MD 20814, USA
2Henry M Jackson Foundation for the Advancement of Military Medicine, Inc., Bethesda, MD 20817, USA
3Department of Pathology, Uniformed Services University of the Health Sciences, Bethesda, MD 20814, USA
4Department of Pharmacology and Molecular Therapeutics, Uniformed Services University of the Health Sciences, Bethesda, MD 20814, USA
5Department of Medicine, Uniformed Services University of the Health Sciences, Bethesda, MD 20814, USA
*Correspondence: li.wang.ctr1@usuhs.edu (Li Wang); juliann.kiang@usuhs.edu (Juliann G. Kiang)
Academic Editor: Graham Pawelec
Submitted: 31 March 2026 Revised: 21 May 2026 Accepted: 17 June 2026 Published: 16 July 2026

Abstract

Background: Exposure to ionizing radiation (IR), particularly when combined with additional trauma such as skin wounding (referred
to as radiation combined injury, RCI), results in a synergistic pathology that significantly increases morbidity and mortality compared
to isolated radiation injury (RI). While Nplate (romiplostim), a thrombopoietin (TPO) receptor agonist, is a Food and Drug Adminis-
tration (FDA)-approved medical countermeasure for haematopoietic acute radiation syndrome (H-ARS), its efficacy on RCI is unclear.
This study evaluated the mitigative effects of Nplate on 30-day survival, wound healing, and haematopoietic recovery following RCI.
Methods: Fourteen-week-old female B6D2F1/J mice were exposed to 60Co γ-radiation (9.0 or 9.5 Gy at 0.4 Gy/min) followed by a
full-thickness skin wound within one to two h. A single dose of Nplate (30 µg/kg) or vehicle was administered subcutaneously 24 h
post-IR. Survival, body weight, and wound closure were monitored for 30 days. On day 30, survivors were euthanized for blood and
tissue analysis, including bone marrow histology, colony-forming unit (CFU) assays, complete blood count (CBC), and splenic assess-
ment. Results: Nplate significantly improved 30-day survival following 9.5 Gy RI, increasing survival from 30% to 75% (p = 0.0071).
In contrast, Nplate provided no significant survival improvement in the RCI groups, with 30-day survival rates of 65% at 9.0 Gy (p =
0.5485) and 15% at 9.5 Gy (p = 0.6044) compared to 75% and 20% in their respective vehicle controls. Despite the lack of survival im-
provement after RCI, Nplate significantly accelerated wound closure on day 14 after RCI at 9.5 Gy. During the acute phase (Days 1–14),
Nplate treatment significantly accelerated healing kinetics, increasing the linear wound healing rate by 54% from 0.124 mm/day to 0.192
mm/day (p = 0.0205). Histological analysis revealed that Nplate enhanced bone marrow cellularity, increased megakaryocyte counts,
and suppressed IR-induced adipocyte formation. Furthermore, Nplate treatment significantly strengthened functional haematopoiesis,
particularly after 9.0 Gy RCI, and stimulated recovery of the splenic lymphoid compartment after both RI and RCI at 9.5 Gy. Conclu-
sions: Nplate is a potent mitigator of H-ARS and a stimulator of multi-lineage haematopoietic and tissue regeneration. However, its
efficacy in improving survival is limited in RCI, potentially due to exacerbated systemic physiological stress. These results suggest that
while Nplate promotes haematopoietic recovery, managing RCI may require a multi-modal approach to address the unique complexities
of combined injury, including gastrointestinal (GI)-ARS, systemic inflammation and endothelial dysfunction.

Keywords: haematopoiesis; radiation combined injury; radiation injuries; radiation-mitigated agents; romiplostim; spleen; survival
analysis; wound healing

1. Introduction

Exposure to isolated radiation injury (RI) primarily in-
duces dose-dependent damage to the haematopoietic (H)
and gastrointestinal (GI) systems [1,2], but when combined
with a physical insult like skin wounding, it results in a
synergistic pathology that significantly increases morbidity
andmortality compared to either injury alone [3,4,5,6,7]. In
mouse models, radiation combined injury (RCI) is charac-
terized by a significant decrease in the lethal dose of radia-
tion expected to cause death in 50% of an exposed popula-
tion within 30 days (LD50/30). For example, the LD50/30 has

been observed to drop from approximately 9.47 Gy (9.31–
9.70 Gy) in isolated RI to 9.28 Gy (9.13–9.46 Gy) in RCI
groups [8]. RCI typically manifests as a lower survival
threshold, an earlier mortality onset, and a significantly de-
layed wound healing [4,5,8]. This exacerbated lethality is
driven by a complex interplay of severe systemic endothe-
lial dysfunction, prolonged systemic inflammation, and im-
paired granulation tissue formation during the skin wound
healing process [8] as well as excessive GI damage caused
by RCI [9]. Collectively, these factors hinder the body’s
ability to combat opportunistic infections from the skin and
gut, often leading to sepsis due to the compromised barri-
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ers and the suppressed immune response [10,11,12]. The
clinical relevance of these findings is underscored by hu-
man data from historical events and accidental exposures,
which suggest that RCI could account for up to 40–65%
of all injuries in mass-casualty nuclear detonation [3,7,13].
Affected victims typically experience shortened latent pe-
riods and prolonged, complicated recovery times compared
to those presenting with isolated RI [7,14,15].

Nplate, a thrombopoietin (TPO) receptor agonist, has
been extensively evaluated across multiple species as a po-
tent medical countermeasure (MCM) for haematopoietic
acute radiation syndrome (H-ARS) due to its ability to
stimulate the proliferation and differentiation of megakary-
ocytes and haematopoietic progenitor cells [16]. In mouse
models, Nplate administration (typically 30 µg/kg) signifi-
cantly enhanced survival, restored bone marrow cellularity,
and accelerated the recovery of functional haematopoietic
lineages, including megakaryocytes and myeloid progen-
itors [17,18]. Non-human primate (NHP) studies further
validated its efficacy, demonstrating that Nplate treatment
significantly reduced the duration and severity of radiation-
induced thrombocytopenia and neutropenia, thereby im-
proving overall survival when administered within 24 h
post-exposure [19]. In humans, while Nplate is Food and
Drug Administration (FDA)-approved for immune throm-
bocytopenia, its clinical application for RI is supported by
its ability to bypass the inhibitory effects of the RI-induced
myelosuppression, and it is currently stockpiled as a vi-
tal therapeutic for mass-casualty under nuclear incidents
[19,20].

General clinical observations of TPO agonists suggest
they provide a supportive systemic environment for tissue
repair, primarily by restoring platelet levels while also ex-
erting broader regenerative and immunomodulatory effects
[21,22,23]. Specifically, the kinetics of skin-wound healing
might be influenced by TPO agonists through the modula-
tion of local inflammatory responses, angiogenesis, and the
release of platelet-derived growth factor (PDGF) [24,25].
These factors were critical for promoting myofibroblast
differentiation and collagen deposition, which were essen-
tial components of the proliferative phase of healing [25].
While Nplate has been extensively studied in mousemodels
for accelerating platelet recovery, particularly following ra-
diation or chemotherapy, there is no widely published study
explicitly demonstrating that Nplate administration signifi-
cantly accelerates the skin-wound closure compared to con-
trols in mice.

While Nplate demonstrates a regenerative capacity at
the tissue and cellular levels following isolated RI or skin
wounding alone, its efficacy in improving overall survival
rates in a lethal-dose RCI remains limited. The objective of
this study was to evaluate themitigative effects of Nplate on
H-ARS and 30-day mortality following both RI and RCI, as
well as the delayed wound healing after RCI. We hypothe-
sized that Nplate would mitigate H-ARS and enhanced 30-

day survival after RI and RCI, while also accelerating the
skin wound healing process in RCI mice.

2. Materials and Methods

2.1 Animals

Ten-week-old female B6D2F1/J mice were obtained
from The Jackson Laboratory (Bar Harbor, ME, USA and
Sacramento, CA, USA). The animals were housed in an im-
munocompromised animal suite within an Association for
Assessment and Accreditation of Laboratory Animal Care
(AAALAC)-accredited facility overseen by the Department
of Laboratory Animal Resources (DLAR) at uniformed ser-
vices university of the health sciences (USUHS). Following
arrival, mice were provided with a three-day acclimation
period before the beginning of experimental procedures.
At fourteen-week-old, animals were randomly assigned to
experimental groups using a weight-stratified randomisa-
tion. This process ensured that the average body weight
per group was not significantly different prior to the initi-
ation of ionizing radiation or wounding (n = 10 for sham
and wound controls; n = 20 for RI and RCI groups). Due
to the distinct physical nature of the injuries (e.g., the pres-
ence of a visible skin wound in RCI groups compared to
RI groups) and the specific drug administration, investiga-
tors were not blinded during the outcome assessments. All
procedures were conducted in accordance with the Animal
Research: Reporting of In Vivo Experiments (ARRIVE)
guidelines (e.g. animal ethics, sample sizes, housing con-
ditions, humane endpoints). The study protocol was ap-
proved by the Institutional Animal Care andUseCommittee
(IACUC) [5,8,26,27].

2.2 Nplate Administration

Nplate (125 µg/0.25 mL single-dose vial, NDC
55513-223-01, Amgen, Thousand Oaks, CA, USA) was
procured through a non-clinical evaluation agreement
(NCEA) via the USUHS Pharmacy. The reagent was stored
at 4 °C and shielded from light until the time of use. Im-
mediately prior to administration, Nplate was diluted to the
target concentration using sterile 0.9% Sodium Chloride
(NDC 0990-7953-09, ICU Medical, Inc., Lake Forest, IL,
USA). A single dose of 30 μg/kg (0.1 mL per mouse) was
administered via subcutaneous (SC) injection 24 h post-
total body irradiation (TBI). Control groups received an
equivalent volume of sterile saline (Vehicle) following the
same route and schedule. The 30 μg/kg dosage was selected
based on established efficacy in prior preclinical models of
RI [17]. In addition, the 30 µg/kg mouse dose is approxi-
mately equivalent to a human dose of 2.44 µg/kg. The clin-
ically approved human dosing range is 1–10 µg/kg. This
confirmed that our experimental dose fell well within the
clinically relevant range utilized for treating human patients
with thrombocytopenia.
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2.3 TBI Procedure
TBI was conducted at the Armed Forces Radiobiology

Research Institute (AFRRI) 60Co γ-irradiation facility in ac-
cordance with previously established protocols. Mice re-
ceived a bilateral midline tissue dose of either 9.0 Gy or 9.5
Gy, delivered at a dose rate of approximately 0.4 Gy/min
[5,8,9,26,27].

2.4 Skin Wounding Procedure
Within 1–2 h following TBI, mice were subjected to

a skin wounding procedure performed in accordance with
a previously established protocol [5,8,9,27]. Briefly, the
wounding procedure consisted of two stages: depilation and
skin wounding. Both were under isoflurane (NDC 10019-
360-60, Baxter, Deerfield, IL, USA) anesthesia with 3–
5% mixed with 100% oxygen at 500–1000 cc/min in the
isoflurane chamber. In preparation for wounding, the dor-
sal fur was shaved using an electric hair clipper two to three
days prior to TBI. Within 1–2 h following sham irradia-
tion or TBI, a standardised circular wound (approximately
150–200 mm2) was created in the anterior-dorsal skin fold
of mice in the wound and RCI groups, respectively. The
wound was induced using a 70% ethanol (CAS# 64-17-
5, Decon Laboratories Inc, King of Prussia, PA, USA)-
sterilised stainless steel Arch Punch (9/16-inch/14.3 mm di-
ameter; C.S. Osborne, Harrison, NJ, USA). This approach
was employed to ensure consistent injury geometry across
all experimental groups. The average initial wound area
across all wounded and RCI groups was 187.65 ± 3.49 mm2

(Mean ± standard error of the mean (SEM), n = 100 mice),
as measured on Day 1 post-RCI.

2.5 Experimental Design
The experimental design for the 30-day survival study

is summarized in Table 1. A total of 160 mice were utilized,
with a sample size of n = 10–20 per group determined by
power analysis to ensure statistical significance. Animals
were allocated to experimental groups using randomisation
via body weight balancing to ensure baseline uniformity.
To minimize environmental bias, the spatial arrangement
of cages was maintained identically across all IR groups.
Throughout the study, including group allocation, experi-
mental procedures, outcome assessment, and data analysis,
investigators remained aware of group assignments.

Table 1. Experimental design for a 30-day survival study.
Groups 0.9% Sodium Chloride Nplate (30 μg/kg)

Sham n = 10 n = 10
Wound n = 10 n = 10
9.5 Gy RI n = 20 n = 20
9.0 Gy RCI n = 20 n = 20
9.5 Gy RCI n = 20 n = 20
Total n = 160
RI, radiation injury; RCI, radiation combined injury.

2.6 Thirty-Day Survival
Animal survival was monitored daily for 30 days after

TBI. Health assessments and intervention decisions were
guided by the IACUC rodent intervention scoresheet to en-
sure ethical standards and humane endpoints, as previously
described [5,8,9,26,27]. Euthanasia was achieved through
CO2 asphyxiation. The CO2 flow rate for euthanasia sys-
tems is to displace 30–70% of the cage volume/minute.
Death occurred within 1–2 min. Once there had been no
breath for one min, the animals were then immediately re-
moved from the cage and death was confirmed by cervical
dislocation.

2.7 Measurement of Body Weight and Wound Area
Body weight was recorded throughout the study pe-

riod in accordance with previously established protocols
[5,8,27]. To assess wound healing, the wound site was
imaged on days 1, 3, 7, 10, 14, 17, 21, 24, and 28 post-
TBI using a digital camera (Canon PowerShot G9 X Mark
II, Tokyo, Japan). Wound areas were subsequently quanti-
fied using Adobe Photoshop (version 27.4.0, San Jose, CA,
USA). The percentage of wound closure was calculated us-
ing the following formula:

%Wound Closure = 100%×
[
1−

(
Wound Area on DayX
Wound Area on Day1

)]

In this equation, “Wound Area on DayX” represents
measurements taken at specified time points post-TBI. The
wound area on Day 1 was used as the baseline, because
these measurements were recorded just before Nplate treat-
ment to fully evaluate its impact on wound healing. The av-
erage initial wound area on Day 1 was 187.65 ± 3.49 mm2

(Mean ± SEM, n = 100 mice). A value of 100% indicates
complete wound closure.

In addition, to control potential variations in the base-
line size and geometry of the initial injuries, the linear
shrinkage of wound margins toward the center was quanti-
fied. The linear wound healing rate (WHR) was determined
using Gilman’s equation [28,29]:

Linear wound healing rate (mm/day) = ∆A

Average perimeter ∗∆t

ΔA: Change in the wound area between specified time
points (mm2);

Average perimeter: Mean perimeter calculated from
the initial and final wound measurements (mm);

Δt: Change in time (day).
This approach provides a normalized assessment of

healing kinetics regardless of differences in initial wound
shapes.

2.8 Blood and Tissue Collection
On day 30 post-TBI, peripheral blood andmultiple tis-

sues, including the sternum, femur, and spleen, were har-
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vested from surviving mice in accordance with previously
established protocols [5,8,26,27]. Peripheral bloodwas col-
lected for complete blood count (CBC) analysis, while the
sternum and femur were preserved for histological evalu-
ation of bone marrow cellularity and functional progenitor
assays, respectively. The spleen was extracted to determine
its weight, splenocyte counts, and assess the recovery of the
splenic lymphoid compartment.

2.9 Histological Examination of the Sternum

Histological evaluation of the sternum was conducted
following previously established protocols [5,26,27].
Megakaryocytes were quantified by counting cells across
three distinct fields of view (approximately 130,000 µm2

each) per animal at 400× magnification. These data are
expressed as the mean number of megakaryocytes per
defined area. Adipocyte formation was assessed by mea-
suring the total adipocyte area within the same three fields
(approximately 130,000 µm2 each) at 400× magnification.
These results are presented as the mean percentage of
adipocyte area relative to the total marrow area.

2.10 Clonogenicity Assay

The clonogenic potential of mouse haematopoietic
stem and progenitor cells was evaluated using a colony-
forming unit (CFU) assay in accordance with previously
established protocols [27,30]. Briefly, on day 30 post-
irradiation, we isolated bone marrow (BM) cells from the
pooled femurs of surviving mice. Total BM cell viability
was determined via trypan blue staining. For the clono-
genicity assay, we plated BM cells in triplicate (1 × 104
cells/dish) in 35-mm culture dishes (BD Biosciences, San
Jose, CA, USA) using 1 mL of MethoCult™ GF+ medium
(Catalog #03444, Stemcell Technologies, Cambridge, MA,
USA) containing stem cell factor (SCF), interleukin (IL)-3,
IL-6, and erythropoietin. Plates were scored for colonies
with one colony consisting of fifty or more cells after 8–
10 days of incubation (37 °C, 5% CO2). We scored the
CFUs for erythroid (CFU-E), granulocyte-monocyte (CFU-
GM), and colony-forming unit—granulocyte, erythroid,
macrophage, megakaryocyte (CFU-GEMM) lineages fol-
lowing the manufacturer’s instruction. CFU-Total was cal-
culated as the sum of all three lineages.

2.11 CBC

To quantify peripheral blood cell populations, whole
blood samples (minimum volume of 15 µL) were collected
into ethylenediaminetetraacetic acid (EDTA)-coated mi-
crotubes (Cat# 365974, Becton, Dickinson and Company,
Franklin Lakes, NJ, USA) to prevent coagulation. Samples
were analyzed using an automated clinical hematoanalyzer
(Element HT5; Heska, Loveland, CO, USA) in accordance
with the manufacturer’s instructions and previously estab-
lished protocols [5,8,26,27].

2.12 Spleen Weight and Splenocyte Quantification

Excised spleens were weighed and splenocytes were
quantified in accordance with previously established proto-
cols [26,27]. Splenocyte density, representing the cellular
concentration within the splenic tissue, was calculated us-
ing the following formula:

Splenocyte Density =
Total Splenocyte Count per Spleen

Spleen Weight (mg)

Splenocyte density was utilized to evaluate the recov-
ery of the splenic lymphoid compartment and to normalize
cell counts across varying organ masses following TBI and
Nplate treatment.

2.13 Statistical Analysis

Statistical analyses were performed using GraphPad
Prism (version 10.6.1; GraphPad Software, La Jolla, CA,
USA). Quantitative data are expressed as the mean ± SEM.
We used the Shapiro-Wilk test to assess normality and the
Brown-Forsythe test to assess homogeneity of variance.
Survival distribution was estimated using Kaplan–Meier
curves, with statistical differences between treatment co-
horts evaluated via the log-rank (Mantel–Cox) test. For
comparisons involving multiple experimental groups at a
single time point (Day 30), a one-way analysis of variance
(ANOVA) followed by Tukey’s post hoc test was utilized to
identify specific group differences. For data involving mul-
tiple time points, a two-way ANOVA followed by Šídák’s
multiple comparisons test or Fisher’s least significant dif-
ference (LSD) was employed. For all analyses, statistical
significance was predefined as p < 0.05 [5,8,26,27].

3. Results
3.1 Nplate Mitigates Lethality Following RI but not RCI

We evaluated the therapeutic efficacy of Nplate on
30-day survival improvement following either RI or RCI.
The Log-rank analysis demonstrated a marked difference in
Nplate efficacy between the two injuries. In the RI group at
9.5 Gy, administration of Nplate (30 µg/kg) provided a sig-
nificant survival improvement, increasing the 30-day sur-
vival rate from 30% in the vehicle control group to 75% in
the Nplate-treated group (p = 0.0071; Fig. 1A). In contrast,
this therapeutic effect did not extend to the RCI. Following
RCI at 9.0 Gy, survival was 75% in the vehicle group com-
pared to 65% in the Nplate group (p = 0.5485; Fig. 1B).
Similarly, after RCI at 9.5 Gy, the vehicle group reached
20% survival on day 30, while the Nplate-treated group
leveled off at 15% (p = 0.6044; Fig. 1B). These findings
demonstrate that Nplate treatment resulted in no significant
difference in 30-day survival compared to vehicle controls
at either radiation dose when combined with skin wound-
ing.
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Fig. 1. Nplate improves 30-day survival after RI but fails to provide a therapeutic efficacy after RCI. Kaplan-Meier survival curves
of mice (N = 20 per group) following exposure to 9.5 Gy RI or 9.0 Gy/9.5 Gy RCI. (A) RI groups: Mice were exposed to 9.5 Gy RI.
Administration of Nplate (30 µg/kg) at 24 h post-RI provided a significant survival improvement, increasing 30-day survival from 30%
in the vehicle group (light green) to 75% in the Nplate-treated group (dark green). Statistical significance was determined by Log-rank
test (**p = 0.0071). (B) RCI groups: Mice were exposed to RCI at either 9.0 Gy or 9.5 Gy. At 9.0 Gy, survival was 75% for the vehicle
group (light purple) and 65% for the Nplate group (dark purple). At 9.5 Gy, survival was 20% for the vehicle group (light red) and 15%
for the Nplate group (dark red). Nplate failed to provide any survival increase compared to vehicle controls. Veh, Vehicle, sterile saline.

3.2 Nplate Treatment Potentiates Weight Loss Specifically
After RCI

To evaluate the physiological impact of treatment,
body weight changes were monitored across all experimen-
tal groups over a 28-day period. The results indicate that
Nplate treatment significantly potentiated body weight loss
specifically in RCI groups. In the absence of TBI, Nplate
had no adverse effects on body weight. Both the Sham
(Fig. 2A) and Wound-only (Fig. 2C) groups treated with
Nplate followed growth trajectories nearly identical to their
respective vehicle controls. In the RI group at 9.5 Gy (Fig.
2B), Nplate-treated mice showed a similar, if not slightly
improved, recovery pattern compared to the vehicle group.
However, in the 9.0 GyRCI group (Fig. 2D), Nplate-treated
mice experienced significantly greater weight loss on Day
14 post-TBI compared to vehicle controls (p = 0.0211).
This effect was even more pronounced in the RCI group
at 9.5 Gy (Fig. 2E), where Nplate treatment led to a sig-
nificantly deeper and more prolonged weight nadir on Day
17 (p = 0.0036). While vehicle-treated RCI mice began re-
covering their body weight after Day 14, the Nplate group
remained significantly suppressed till Day 17.

3.3 Nplate Treatment Accelerates Wound Closure After
RCI at 9.5 Gy

We monitored the rate of wound closure over a 28-
day period after RCI (Fig. 3). The representative wound
images are shown in Fig. 3A. In mice subjected to wound
alone or RCI at 9.0 Gy, Nplate treatment did not signifi-
cantly alter the rate of closure compared to vehicle control

(Fig. 3B,C). However, following exposure to RCI at 9.5
Gy, Nplate-treated mice exhibited a significantly faster rate
of closure on day 14 post-TBI (p = 0.0097), compared to
vehicle-treated controls (Fig. 3D). Furthermore, as illus-
trated in Fig. 3E, Nplate administration significantly en-
hanced wound repair kinetics in the RCI group at 9.5 Gy.
Specifically, during the acute healing phase between Day 1
and Day 14, Nplate-treated RCI mice at 9.5 Gy exhibited a
54% increase from 0.124 mm/day to 0.192 mm/day in the
linear wound healing rate compared to vehicle-treated con-
trols (p = 0.0205). In contrast, during the late remodeling
phase between Day 14 and Day 28, the linear wound heal-
ing rate showed no significant differences between Nplate
and vehicle treatments across the wound-only, 9.0 Gy RCI,
or 9.5 Gy RCI groups (Fig. 3F).

3.4 Nplate Treatment Enhances Bone Marrow Cellularity
on Day 30 After RI and RCI

Histological and quantitative analysis of sternum bone
marrow on Day 30 post-TBI revealed that while radiation
(9.5 Gy RI and 9.0/9.5 Gy RCI) significantly decreased
megakaryocyte counts and increased adipocyte formation
compared to Sham and/or Wound-only controls, Nplate
treatment (30 µg/kg) effectively promoted haematopoietic
regeneration after RI and RCI (Fig. 4). Representative
Hematoxylin and Eosin (H&E) staining demonstrated that
Nplate-treated mice in both 9.5 Gy RI and 9.0 Gy RCI
groups possessed significantly dense haematopoietic clus-
ters and reduced fatty cells compared to their respective
vehicle controls (Fig. 4A). Quantitative assessment of
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Fig. 2. Nplate exacerbates body weight loss after RCI. Body weight was monitored over 28 days and is expressed as a percentage of
basal weight (Day 0, immediately after total body irradiation (TBI)) for vehicle-treated (black) and Nplate-treated (red) groups. (A,C)
Non-irradiated controls: In Sham (A) and Wound-only (C) groups, Nplate treatment (30 µg/kg) had no adverse effects on body weight
trajectories. (B) 9.5 Gy RI groups: After RI at 9.5 Gy, Nplate-treated mice exhibited a weight loss and recovery pattern similar to the
vehicle control. (D) RCI groups at 9.0 Gy: Nplate treatment resulted in significantly greater body weight loss on Day 14 compared to
the vehicle control (*p = 0.0211). (E) RCI groups at 9.5 Gy: The exacerbation of weight loss by Nplate was most pronounced on Day
17 (**p = 0.0036). Data are presented as mean ± standard error of the mean (SEM) (N = 3–20 per group with n = 3 in the RCI 9.5 Gy
+ Nplate group on day 28). Statistical significance between vehicle and Nplate groups was determined by two-way analysis of variance
(ANOVA) followed by Šídák’s multiple comparisons test.

megakaryocyte counts (Fig. 4B) and the percentage of
adipocyte area (Fig. 4C) confirmed these findings. Specif-
ically, Nplate treatment significantly suppressed adipocyte
accumulation in the 9.5 Gy RI group (p = 0.0065). Further-
more, megakaryocyte counts in the 9.0 Gy RCI + Nplate
group recovered to levels that were not significantly differ-
ent from the Sham + Nplate or Wound + Nplate groups. It
is worth noting that, within the vehicle treated groups, RI
at 9.5 Gy induced significantly more adipocyte formation
than RCI at 9.0 Gy (p = 0.0164) and at 9.5 Gy (p = 0.0013).

3.5 Nplate Treatment Enhances Haematopoietic Function
on Day 30 After RCI at 9.0 Gy

To evaluate the impact of Nplate on functional
haematopoietic recovery, we assessed the clonogenic po-
tential of bone marrow cells on Day 30 post-TBI using CFU
assay. As shown in Fig. 5, RI and RCI significantly sup-
pressed the number of functional progenitor cells compared
to Sham and Wound controls. However, Nplate treatment
(30 µg/kg) significantly enhanced the recovery of multi-
ple haematopoietic lineages across Sham, Wound-only and
RCI groups. In the 9.0 Gy RCI group, Nplate-treated mice
exhibited a significant increase in CFU-E (erythroid, Fig.
5B) and CFU-Total colony numbers (Fig. 5D) compared

to their vehicle counterparts. This robust recovery was also
shown in the Sham andWound groups, where Nplate signif-
icantly bolstered colony formation across CFU-GM (Gran-
ulocyte, Macrophage, Fig. 5A), CFU-E (Fig. 5B), CFU-
GEMM (Granulocyte, Erythroid, Macrophage, Megakary-
ocyte, Fig. 5C), or CFU-Total (Fig. 5D). While Nplate
showed some positive trends in the 9.5 Gy RI and 9.5 Gy
RCI group, the recovery was less pronounced and did not
reach statistical significance in these groups. Collectively,
these findings demonstrate that Nplate effectively promotes
functional haematopoietic following RCI at 9.0 Gy.

3.6 Nplate Treatment Increases Peripheral Blood Cell
Counts on Day 30 After RI at 9.5 Gy

To evaluate the impact of Nplate on systemic hema-
tological recovery, peripheral blood cell counts were ana-
lyzed on Day 30 post-TBI across all experimental groups.
As shown in Fig. 6, in the 9.5 Gy RI groups, Nplate
treatment (30 µg/kg) significantly enhanced the recovery
of leukocyte subsets, a significant increase in neutrophil
(NEU) counts (Fig. 6B) compared to vehicle-treated RI
controls (p = 0.0287). While total white blood cell (WBC,
Fig. 6A), monocyte (MONO, Fig. 6D), and red blood
cell (RBC, Fig. 6E) counts showed moderate trends to-
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Fig. 3. Accelerated wound healing in RCI mice treated with Nplate after 9.5 Gy. Wound closure was monitored over 28 days
and is expressed as a percentage of basal wound area (Day 1 post-TBI) for vehicle-treated (black) and Nplate-treated (red) groups. (A)
Representative wound images from all wounded and RCI groups. Scale bar: 5 mm. (B) Wound groups and (C) RCI groups at 9.0 Gy:
Mice in both groups showed no significant differences in healing rates between Nplate and vehicle treatments. (D) 9.5 Gy RCI groups:
Nplate treatment significantly increased the wound closure on Day 14 (**p = 0.0097), compared to vehicle-treated controls. (E) Between
Day 1 and Day 14, mice exposed to RCI at 9.5 Gy and treated with Nplate exhibited a significantly higher linear wound healing rate
compared to vehicle-treated controls (*p = 0.0205). (F) Between Day 14 and Day 28, the linear wound healing rate showed no significant
difference between Nplate and vehicle treatments across the Wound-only, 9.0 Gy RCI, and 9.5 Gy RCI groups. Data are presented as
mean ± SEM (N = 3–20 per group with n = 3 in the RCI 9.5 Gy + Nplate group on day 28). Statistical analysis was performed using
two-way ANOVA followed by Fisher’s Least Significant Difference (LSD). Veh, vehicle; RCI, radiation combined injury.
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Fig. 4. Effects of Nplate on bone marrow hypocellularity after RI and RCI. Sternum bone marrow was harvested on Day 30
post-TBI for histological and quantitative analysis. (A) Representative Hematoxylin and Eosin (H&E) staining images: Top rows show
low-magnification images (scale bar = 500 µm) with yellow insets indicating regions selected for high-magnification images (bottom
rows, scale bar = 100 µm, area is approximately 130,000 µm2). RI and RCI induced significant hypocellularity and adipocyte formation
in vehicle-treated groups; conversely, Nplate treatment (30 µg/kg) resulted in denser haematopoietic clusters and reduced fatty marrow
formation in both 9.5 Gy RI and 9.0 Gy RCI groups. (B) Megakaryocyte Counts: Quantitative assessment per 400× field revealed
that radiation significantly reduced megakaryocyte counts in vehicle-treated groups. However, megakaryocyte counts in the 9.0 Gy
RCI+Nplate group recovered to levels comparable to non-irradiated controls. (C) Percentage of Adipocyte Area: Measurement per 400×
field showed that 9.5 Gy RI+Veh induced the highest adipocytes compared to Sham+Veh (p = 0.001), 9.0 Gy RCI+Veh (p = 0.0164),
and 9.5 Gy RCI+Veh (p = 0.0013). Nplate significantly suppressed the percentage of adipocyte area in the 9.5 Gy RI group compared to
its respective vehicle (p = 0.0065). Data are presented as mean ± SEM (N = 3–6 per group). Statistical significance was determined by
one-way ANOVA followed by Tukey’s multiple comparisons test. Veh, vehicle.
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Fig. 5. Effect of Nplate on functional haematopoietic recovery after RI and RCI. Femurs were harvested on Day 30 post-TBI to
assess the clonogenic potential of haematopoietic progenitor cells via CFU assays. (A) Colony forming unit–granulocyte, macrophage
(CFU-GM): Nplate treatment (30 µg/kg) significantly increased the number of myeloid progenitors in Sham (p = 0.0261) and Wound (p
= 0.0261) groups compared to their respective vehicle controls. (B) Colony-forming unit-erythroid (CFU-E): A significant increase in
erythroid colonies was observed following Nplate administration in Sham (p = 0.0465), Wound (p = 0.0042), and 9.0 Gy RCI (p < 0.0001)
groups. (C) Colony-forming unit—granulocyte, erythroid, macrophage, megakaryocyte (CFU-GEMM): Nplate significantly bolstered
multipotent progenitor recovery in Sham (p < 0.0001) group only. (D) CFU-Total: Total colony counts were significantly higher in
Nplate-treated mice across Sham (p < 0.0001), Wound (p = 0.0074), and 9.0 Gy RCI (p = 0.025) groups. Data are expressed as mean ±
SEM (N = 6 per group). Statistical significance was determined by one-way ANOVA followed by Tukey’s multiple comparisons test.

ward improvement in the RI + Nplate group, these mea-
sures did not reach statistical significance at this time point.
In 9.0/9.5 Gy RCI, no significant differences were detected
between Nplate- and vehicle-treated groups for any blood
cell parameters. Lymphocyte (LYM) counts remained sig-
nificantly suppressed across all irradiated groups compared
to either Sham or Wound controls on day 30, regardless of
treatment (Fig. 6C). Interestingly, a significant reduction in
platelet (PLT) was observed in the Wound + Nplate group
compared to the Wound + Vehicle group (p = 0.0014, Fig.
6F). Although the results showed a decrease in PLT counts
in the sham group treated with Nplate and an increase in
the RCI group at 9.5 Gy treated with Nplate, the data did not
reach statistical significance (Fig. 6F). Supplementary Ta-
ble 1 listed the dataset ofWBC, NEU, LYM,MONO, RBC.
and PLT.

3.7 Nplate Stimulates the Recovery of the Splenic
Lymphoid Compartment Following RI or RCI at 9.5 Gy

To evaluate the impact of Nplate on splenic recovery,
we assessed spleen weight (Fig. 7B), splenocyte counts
(Fig. 7C), and splenocyte density (Fig. 7D) 30 days post-
TBI, with representative spleen images displayed in Fig.
7A. The RI-induced splenomegaly was displayed on the
2nd image of the vehicle group (Fig. 7A), but Nplate-
treated RI group still showed splenomegaly (6th image of
Fig. 7A). While RI and RCI significantly reduced total
splenocyte counts and normalized splenocyte density com-
pared to Sham and Wound controls, Nplate treatment (30
µg/kg) demonstrated a capacity to bolster lymphoid regen-
eration. In the RI group at 9.5 Gy, Nplate administration

resulted in a 64% increase in splenocyte density compared
to the vehicle-treated mice, and a similar restorative trend
was observed following RCI at 9.5 Gy, which showed a
33% increase in normalized splenocyte density (Fig. 7D).
However, these increases in density following RI and RCI
at 9.5 Gy did not reach statistical significance, likely due to
individual variations in response to radiation. Notably, the
9.0 Gy RCI + Vehicle group displayed significantly lower
spleen weight compared to the 9.5 Gy RI + Vehicle group
(Fig. 7B). Furthermore, Nplate treatment had no significant
impact on spleen weight, splenocyte counts, or splenocyte
density after RCI at 9.0 Gy (Fig. 7B–D). Supplementary
Table 2 listed splenic recovery data.

4. Discussion
This study demonstrated a divergence in the survival

efficacy of Nplate when comparing RI to RCI.While Nplate
served as a robust mitigator for RI, increasing 30-day sur-
vival by 45%, this therapeutic efficacy was completely
abolished in the RCI groups, where the treatment appeared
to exacerbate bodyweight loss. This finding aligns with our
previous observations that certain established radiomitiga-
tors, such as pegylated granulocyte colony-stimulating fac-
tor (PEG-G-CSF), can be effective against RI but lose their
survival-enhancing capabilities when radiation was com-
binedwith other traumas like burns or wounds [31]. Despite
the absence of a survival improvement in the combined in-
jury cohorts, Nplate provided significant regenerative ad-
vantages across multiple tissue compartments. Nplate treat-
ment significantly accelerated acute wound healing, in-
creasing the healing rate by 54% between Day 1 and Day
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Fig. 6. Effect of Nplate on peripheral blood counts on Day 30 after RI and RCI. Peripheral blood was collected on day 30 post-TBI
to evaluate systemic hematological recovery. (A) White Blood Cell (WBC) Counts: Radiation exposure induced a significant decrease
in total WBCs compared to Sham and Wound-only controls. (B) Neutrophil (NEU) Counts: Nplate treatment (30 µg/kg) significantly
enhanced neutrophil recovery in the RI group at 9.5 Gy compared to vehicle controls (p = 0.0287). (C) Lymphocyte (LYM) Counts:
Significant lymphopenia persisted across all irradiated groups (RI and RCI) compared to Sham and Wound-only controls. (D) Monocyte
(MONO) Counts: No significant differences were observed between treatment groups on Day 30 post-exposure. (E) Red Blood Cell
(RBC) Counts: RBC levels remained stable across groups, with no significant impacts from radiation or Nplate treatment at this time
point. (F) Platelet (PLT) Counts: Nplate treatment in the Wound + Nplate group resulted in a significant reduction in circulating platelets
compared to the Wound + Vehicle group (p = 0.0014). Data are expressed as mean ± SEM (N = 3–10 per group). Statistical significance
was determined by one-way ANOVA followed by Tukey’s multiple comparisons test.

14. This local tissue repair was reflected by systemic
improvements in the haematopoietic niche. Furthermore,
Nplate demonstrated a positive trend toward lymphoid re-
generation, increasing splenocyte density in the high-dose
RI and RCI groups. While it may appear contradictory that
Nplate promotes haematopoietic recovery without improv-
ing survival, this phenomenon is recognized as the “syner-
gistic lethality” found in RCI. In RI, mortality is primar-
ily driven by haematopoietic failure; thus, restoring cell
counts typically rescues the animal. However, in RCI, the
addition of a skin wound significantly alters the biologi-

cal landscape: (i) While Nplate begins to reorganize the
bone marrow and increase cell counts, the peak mortality
window (Days 10–15) in RCI is also characterised by sys-
temic inflammatory response exacerbated by the wound.
Haematopoietic recovery alone may not be sufficient to
overcome this systemic failure; (ii) The skin wound pro-
vides a portal for infection, and radiation-induced GI dam-
age allows for bacterial translocation. Even if platelets and
neutrophils are beginning to recover, they may be insuffi-
cient in number or function to prevent sepsis-driven mor-
tality during that critical window.
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Fig. 7. Effects of Nplate on spleen weights, splenocyte counts, and splenocyte density after RI and RCI. Spleen was harvested on
Day 30 post-TBI to evaluate splenic recovery across all experimental groups. (A) Representative Spleen Images: Visual comparison of
spleen size across treatment groups: (1) Sham + Veh; (2) Sham + Nplate; (3) Wound + Veh; (4) Wound + Nplate; (5-1 and 5-2) RI 9.5
Gy + Veh; (6) RI 9.5 Gy + Nplate; (7) RCI 9.0 Gy + Veh; (8) RCI 9.0 Gy + Nplate; (9) RCI 9.5 Gy + Veh; 10) RCI 9.5 Gy + Nplate. (B)
Spleen Weight: Quantification of total spleen mass (mg) on day 30. Radiation exposure generally increases spleen weight on day 30,
with the 9.0 Gy RCI + Vehicle group displaying significantly lower weight compared to the 9.5 Gy RI + Vehicle group (p = 0.0238). (C)
Splenocyte Counts: Total number of splenocytes (×106 per spleen). RI and RCI significantly decreased total splenocyte counts compared
to Sham andWound-only controls. (D) Splenocyte Density: Normalized splenocyte counts per mg of spleen tissue (×106 per mg). Nplate
treatment (30 µg/kg) demonstrated a capacity to bolster regeneration, resulting in a 64% increase in density in the 9.5 Gy RI group and
a 33% increase in the 9.5 Gy RCI group compared to their respective vehicle controls. However, these trends did not reach statistical
significance. Data are expressed as mean ± SEM (N = 3–6 per group). Statistical significance was determined by one-way ANOVA
followed by Tukey’s multiple comparisons test.

The result that Nplate treatment significantly accel-
erated acute wound healing in the 9.5 Gy RCI group be-
tween Day 1 and Day 14 was particularly critical during
the initial inflammatory and proliferative phases of repair,
as evidenced by a significant increase in the percentage of
wound closure on Day 14 compared to vehicle-treated con-
trols. The magnitude of this effect may depend on the radia-
tion dose and the severity of the underlying haematopoietic
suppression. We attribute the difference in results between
9.0 Gy RCI and 9.5 Gy RCI to the following factors: (i)
At 9.0 Gy RCI, the baseline physiological damage was less
severe than at 9.5 Gy. The natural healing capacity of the
9.0 Gy group was relatively robust, leaving a smaller win-

dow for therapeutic improvement. In contrast, the 9.5 Gy
dose induced more profound haematopoietic depletion and
systemic stress, which significantly hindered natural wound
closure. It was in this extreme environment that the mit-
igative effect of Nplate became statistically evident and bi-
ologically significant; (ii) The 0.5 Gy difference between
9.0 and 9.5 Gy represented a critical threshold in the RCI
mouse model, moving from a lethal to a highly lethal in-
jury. Our results demonstrate that Nplate may be particu-
larly effective as a “rescue” agent under scenarios of ex-
treme radiation stress. In contrast, a previous study using
the TPO receptor agonist Alxn4100TPO reported a starkly
different outcome, stating that the agent lacks the capabil-
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ity to accelerate wound healing [31]. In that study, RCI at
9.5 Gy delayed healing by approximately 14 days, and the
administration of Alxn4100TPO alone actually resulted in
RCI wounds taking longer than 28 days to fully heal. This
delay was further compounded when Alxn4100TPO was
combinedwith other treatments like peg-G-CSF, which also
failed to accelerate the wound-healing rate [31]. The diver-
gent results observed between this study using Nplate and
the research involving Alxn4100TPO highlighted signifi-
cant pharmacological and structural nuances in how these
agonists modulate the RCI manifestation. Nplate consists
of TPO-binding peptides fused to an IgG1 Fc domain [32].
This specific structure may facilitate more efficient local-
ized delivery or trigger a more robust signaling cascade
that activates the early “angiogenic switch” and myofibrob-
last activity necessary for acute wound contraction. Con-
versely, Alxn4100TPO is characterized as a short-chain
peptide incorporated into both the light and heavy chains of
human IgG [33]. Despite its potency in the haematopoietic
compartment, it lacks the capability to accelerate cutaneous
wound healing [31]. This suggests that Alxn4100TPO sig-
naling may be more sequestered within the bone marrow
and spleen, whereas Nplate may exert a more profound
influence on the paracrine environment of the cutaneous
wound, potentially by mobilizing growth factors or progen-
itor cells essential for dermal repair. Nevertheless, Nplate-
induced accelerated kinetic in wound healing was phase-
specific. While Nplate-treated mice closed their wounds
much faster during the first two weeks, there were no sig-
nificant differences in the linear healing rate during the late
remodeling phase. However, Nplate treatment did not im-
prove the survival of RCI mice while Alxn4100TPO did
[34], suggesting that survival improvement after RCI needs
multi-organ participation in repairs other than wound heal-
ing acceleration.

Consistent with previous studies [17,18,19,35], the
role of Nplate in haematopoietic recovery was supported by
both structural and functional data from this study, demon-
strating its ability to reorganize and revitalize the bone
marrow niche following lethal-dose RI and RCI. We ac-
knowledged that the recovery patterns varied across radi-
ation doses in the RCI setting. However, the collective data
support the conclusion that Nplate promotes haematopoi-
etic recovery in RCI mice for the following reasons: (i) In
9.0 Gy RCI mice, we observed a significant depletion of
megakaryocyte counts in the “RCI 9.0 Gy + Veh” group
compared to “Wound + Veh” controls. Notably, this signif-
icant difference was abolished in the Nplate-treated groups;
megakaryocyte counts in “RCI 9.0 Gy + Nplate” were sta-
tistically indistinguishable from “Wound +Nplate” controls
(Fig. 4B). This indicated that Nplate restored themegakary-
ocyte population to near-normal levels despite the RCI; (ii)
The functional improvement is further evidenced by the sig-
nificant increase in CFU-E (Fig. 5B) and CFU-Total (Fig.
5D) colony numbers in the Nplate-treated RCI group at 9.0

Gy compared to its respective vehicle control. This demon-
strated that Nplate directly enhanced the proliferative ca-
pacity of surviving progenitor cells in the RCI environment;
(iii) It was important to note that all haematological and
bone marrow data were collected from surviving animals
on Day 30. In the 9.5 Gy RCI groups, survival was ex-
tremely low (~15–20%). This high mortality created a “sur-
vival bias” where the few remaining animals in the vehicle
group were those with the highest natural resilience, mak-
ing it statistically difficult to show a further “increase” in
peripheral blood counts at that specific time point. Rep-
resentative H&E staining demonstrated that Nplate-treated
mice in the 9.5 Gy RI group possessed significantly denser
haematopoietic clusters compared to their respective vehi-
cle controls. Nplate treatment significantly suppressed the
percentage of adipocyte area in this group. This functional
boost was further reflected in the peripheral blood of sur-
vivors after 9.5 Gy RI, where Nplate administration led to
a significant increase in NEU counts. Beyond its primary
myeloid and erythroid effects, Nplate demonstrated a no-
table capacity for lymphoid regeneration, characterized by
a 64% increase in splenocyte density in the 9.5 Gy RI group
and a 33% increase in the 9.5 Gy RCI group. While these
density improvements did not reach statistical significance,
likely due to high individual variation in radiation response,
the consistent upward trend depicted in both the 9.5 Gy RI
and RCI groups suggests a broader immunomodulatory role
of Nplate playing in the recovery of lymphoid organs.

These findings align with previous reports using
the thrombopoietin receptor agonist Alxn4100TPO, which
similarly increased megakaryocyte counts and significantly
reduced fat cell counts in the bone marrow of both RI and
RCI groups [31]. Furthermore, our observation that Nplate
increased CFU-E and CFU-Total numbers in the RCI mice
after 9.0 Gy is consistent with reports that Alxn4100TPO
treatment can fully recover RBC counts, hemoglobin lev-
els, and hematocrit readings [31]. The significant increase
inNEU counts observed in the RI group after 9.5Gy follow-
ing Nplate treatment is also consistent with established data
showing that TPO receptor agonists alleviated severe neu-
tropenia and promoted multi-lineage haematopoietic recov-
ery [31,36,37]. Interestingly, peripheral blood analysis re-
vealed a paradoxical reduction in circulating platelets in the
Wound + Nplate group compared to the Wound + Vehicle
controls. This phenomenon likely reflected a complex feed-
backmechanismwhere, in the absence of radiation-induced
bone marrow depletion, platelets were rapidly sequestered
or utilized at the wound site to facilitate the wound heal-
ing [38,39]. Our observation in lymphoid recovery aligns
with previous findings, which established that TPO receptor
agonists like Alxn4100TPO can effectively alleviate lym-
phopenia and enhance the recovery of immune-related bone
marrow cells. Specifically, Alxn4100TPO has been shown
to significantly mitigate lymphocyte depletion in peripheral
blood following 9.5 Gy irradiation, providing critical sup-
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port for the restoration of the systemic immune compart-
ment [31]. Furthermore, the reported ability of TPO re-
ceptor activation to alleviate neutropenia and promote the
recovery of immature bone marrow cells suggests that the
lymphoid recovery observed with Nplate may be part of
a coordinated, multi-lineage reconstitution of the immune
system following high-dose radiation exposure [31].

Collectively, these findings demonstrate that Nplate
acts as a potent stimulator of multi-lineage haematopoietic
and lymphoid recovery after RI and RCI. However, the fail-
ure to translate these demonstrable cellular and organ-level
improvements into a significant survival enhancement from
RCI remains a critical conundrum and suggests that the
lethal synergy of RCI is driven by complex pathophysiolog-
ical factors that extendwell beyond primary haematopoietic
failure. The exacerbated morbidity observed in the RCI
groups, characterized by more pronounced body weight
loss and accelerated mortality, is highly likely influenced
by a cascade of severe systemic inflammation, profound
endothelial dysfunction, and a compromised intestinal bar-
rier [3,5,8,26,27]. Recent study in a murine RCI model
(RCI + burn) have demonstrated a profoundly dysregulated
inflammatory response, characterized by significantly ele-
vated levels of pro-inflammatory cytokines such as IL-6 and
altered tumor necrosis factor-alpha (TNF-α) signaling [40].
This systemic turmoil can lead to rapid-onset sepsis and
multiple organ dysfunction syndrome, which, as observed
in our results and the previous work, may not be fully mit-
igated by haematopoietic recovery alone [7,31,41]. Conse-
quently, future therapeutic strategies for RCI may require a
multi-modal approach, potentially combining Nplate with
additional agents that specifically target inflammation, vas-
cular integrity and/or gut barrier function to overcome the
synergistic lethality of RCI.

5. Limitations
While this study provides significant insights into the

regenerative potential of Nplate following RCI, several
limitations must be acknowledged. First, the experimen-
tal group consisted exclusively of female mice. Given
known sex-dependent differences in radiation sensitivity
[42,43], future studies should include male mice to de-
termine if these findings are sexually dimorphic. Sec-
ond, this study evaluated only a single dose of Nplate (30
µg/kg) administered at a single time point (24 hours post-
IR). While this dose proved effective for RI, it remains un-
clear whether a higher dose or a repeated-dosing regimen
would be required to overcome the synergistic lethality of
RCI. The pharmacokinetics of Nplate may be altered by
the systemic stress associated with RCI, necessitating fur-
ther dose-optimization studies. Third, our analysis was re-
stricted to acute outcomes (30-day survival and recovery).
While Nplate successfully stimulated early haematopoietic
regeneration and wound healing, long-term studies will
be needed to assess delayed effects, such as tissue fibro-

sis. Fourth, this study was primarily designed as a 30-day
survival and mitigation efficacy study. Per the approved
experimental protocol and IACUC requirements for sur-
vival studies, tissue collection was restricted to the final
study endpoint on Day 30. By Day 30, most wounds in
all groups had achieved full or near-full closure, reaching
the remodeling phase. Therefore, histological analysis or
molecular marker quantification at this stage would not ac-
curately capture the dynamic inflammatory and prolifera-
tive changes that drove the 54% acceleration observed dur-
ing the acute phase (Days 1–14). While we agree that ear-
lier time-point skin tissue collection (e.g., Day 7 or Day
14) would provide valuable mechanistic insights, the orig-
inal study design was focused on non-invasive longitudi-
nal measurements to avoid the possible interference with
the 30-day survival study. Finally, the inability of Nplate
to improve survival in the RCI mice, despite its cellular
improvement, suggests that targeting the haematopoietic
system alone may be insufficient. Future research should
explore multi-modal therapeutic approaches, combining
Nplate with other medical countermeasures, such as an-
tibiotics to manage secondary infections, or GI-protective
agents, to address the multi-organ failure characteristic of
RCI.

6. Conclusions
This study demonstrates that while Nplate is a highly

effective medical countermeasure for H-ARS, its ability to
improve 30-day survival is abolished in the presence of
a skin wound. Although Nplate treatment failed to mit-
igate the synergistic lethality of RCI, it provided signifi-
cant local and systemic improvement, including accelerated
acute wound closure and enhanced bone marrow cellular-
ity. Furthermore, Nplate effectively promoted functional
haematopoietic and increased the recovery of the splenic
lymphoid compartment following both RI and RCI. These
findings suggest that Nplate is a potent stimulator of multi-
organ regeneration. However, for the effective treatment
of RCI, it may need to be integrated into a multi-modal
therapeutic regimen. Such a strategy should concurrently
address the severe systemic inflammation, endothelial dys-
function, and intestinal barrier disruption that characterize
the complex pathophysiology of RCI.
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