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Background: Radiation pneumonitis (RP) is a common complication of
thoracic radiation which affects patients’ ability to breathe, limits the
deliverable intensity of radiotherapy and impairs clinical outcomes, indicating
the need for timely diagnosis and management. The purpose of this study
was to determine the predictive capability of two peripheral inflammatory
cells for RP. Materials and Methods: A murine RP model was established
using SD rats that received a single dose of 20 Gy thoracic radiation. At 2 and
4 weeks post-radiation, mice were processed to harvest lungs for hematoxylin
-eosin (HE) staining and collect blood for flow cytometry analysis. Results: By
2 weeks post-radiation, histopathological changes had occurred in the lungs
indicating the onset of RP. Peripheral CD45+HIS48+ granulocytes were
significantly increased by the radiation treatment at both the early and later
time points (P<0.05). However, we did not observe a statistically significant
increase of CD45+CD11b/c+HIS48- monocytes/macrophages. Conclusion: Our
study highlights the possibility that increased levels of peripheral CD45+HIS48+
granulocytes could serve as a predictive indicator of RP. Early detection
provides the opportunity for early intervention and therefore, a reduction in
the rate and extent of RP.
Keywords: Radiation
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INTRODUCTION
Radiation pneumonitis (RP), an acute
immune inflammation, is a common and
clinically significant toxicity associated with
thoracic irradiation (1). It develops in 15-40% of
patients within 6 to 12 weeks of irradiation (2-6),
with the main symptom being fever, cough,
respiratory dysfunction, chest pain and, rarely,
mortality. Without timely interventions such as
high-dose glucocorticoid therapy (7,8) and
radiation dose adjustment, RP will eventually
progress into pulmonary fibrosis and further
worsen the patient’s health. Therefore, early
detection and intervention for RP is extremely
important. Currently, diagnosis of RP is mainly
(9-11),
symptom-dependent
meaning
that
treatment is only available for patients whose

pneumonitis,

granulocytes,

monocytes/macrophages,

RP has already progressed enough for them to
become symptomatic. The identification of
individuals who are at high risk for developing
RP through the use of an effective early
predictor will be critical to reduce the incidence
and extent of RP.
Based on the molecular and cellular changes
that occur during the pathogenesis of RP (12,13), a
few molecules have been proposed as potential
predictors for RP, such as inflammatory
cytokines (14,15) and serum surfactant protein D
(SP-D) (1), in addition to others. However, further
research is required to determine the clinical
value of these molecular predictors (16). In
addition, although the ways in which certain
inflammatory cells that are polarized in
irradiated lungs contribute to the pathology of
RP have been well studied, it remains unclear if
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these cells have any predictive value for RP.
Neutrophils, a subset of granulocytes, are
recognized as one of the major cell types
involved in acute inflammation (14,17-19). The
increased
number
of
neutrophils
in
bronchoalveolar lavage (BAL) fluid plays a
critical role in the development of RP, which is
due, in part, to the tissue damage caused by
specific neutrophil degranulation products such
as neutrophil elastase (NE) (20, 21). Additionally,
monocytes and macrophages present in BAL
fluid also contribute to the progression of RP (14),
likely due to the increased production of tumor
necrosis factor-alpha (TNF-α) (22), reactive
oxygen species (ROS) and nitric oxide (NO)
(23-25), in addition to other products. Accordingly,
it is reasonable to hypothesize that
inflammatory CD45+HIS48+ granulocytes (26,27)
and
CD45+CD11b/c+HIS48monocytes/
macrophages (28-32) could serve as potential
predictive indicators of RP. The markers on
these cells include CD45, which is a leukocyte
common antigen (L-CA) expressed on all classic
immune cells (33, 34) and HIS48 and CD11b/c,
which are markers of inflammation-associated
granulocytes and monocytes/macrophages,
respectively.
Unfortunately, the procedure for collecting
BAL fluid is complicated and has a poor patient
compliance. Accordingly, it would be difficult to
achieve widespread clinical application if
granulocytes and monocytes/macrophages
obtained from BAL fluid were used as indicators.
Since blood collection and subsequent testing is
more convenient for both healthcare providers
and patients, we sought to analyze changes in
circulating granulocytes and monocytes/
macrophages after radiation as well as their
correlation with RP, and to explore their
feasibility as RP predictors. The work presented
here will be useful for determining an optimal
early RP predictor, which will benefit patients
and has the potential for widespread clinical use.

-1, FITC Mouse Anti-Rat Granulocytes Clone
HIS48 and Lysing Buffer were obtained from BD
Bioscience (US). Anti-CD11b/c antibody [OX42]
(ab1211) was obtained from Abcam (UK).
Sodium pentobarbital and ethylenediaminetetraacetic acid (EDTA) dipotassium salt were
purchased from Sigma (US). All other reagents
were
purchased
from
China
National
Pharmaceutical Group Corporation (China).
SD rats (male, 10-11 weeks old, ~180 g) were
obtained from the Laboratory Animal Center of
Qingdao Institute (China) and housed under specific pathogen-free conditions. All animal studies
were conducted in accordance with guidelines
from the Laboratory Animal Management and
Welfare Ethics Committee [Approval Reference
NO. F2016001].
Establishment of the RP rat model
A total of 24 SD rats were randomly assigned
into the control and RP groups. For the RP
group, RP was developed via chest radiation.
Briefly, rats were fasted for 8 h and
anaesthetized through intraperitoneal injection
of 2% sodium pentobarbital at a dose of 40 mg/
kg prior to radiation. Selective irradiation of the
thoracic region was performed at a dose of 20 Gy
(35-39) using a Varian Clinac 21EX accelerator
(US) at a dose-rate of 400 MU/min. At 2 and 4
weeks post-radiation, rats were processed to
harvest blood samples from the abdominal aorta
for flow cytometry and lungs for HE staining.

MATERIALS AND METHODS

Flow cytometry
100 μL of blood samples were stained for 30
minutes at 4°C with fluorescent antibodies. Red
blood cells were lysed with 2 mL Lysing Buffer
for 10 minutes at room temperature. Cells were
then washed during a 5-minute centrifugation at
2000 rpm, resuspended in 200 μL of PBS (pH
7.4) and filtered using a 100-mm strainer before
analysis using a FACSAria II flow cytometer (BD
Biosciences, US). Samples that had not been
stained were used as the blank control. HIS48+
and CD11b/c+HIS48- populations were gated on
the basis of the CD45+ cells. Data analysis was
performed using Flowjo7.6.1.

Materials and animals
Alexa Fluor® 647 Mouse Anti-Rat CD45 Clone OX

Statistical analysis
A Student’s t-test was used to compare two
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groups when normality and homogeneity of
variance assumptions were satisfied. Otherwise,
a non-parametric test was applied. Statistical
tests were performed using SPSS17.0. A P value
of 0.05 was used as the threshold for statistical
significance.
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RESULTS
Successful establishment of the RP model
A number of studies have shown that rat RP
models can be successfully built using a
radiation dosage of 20 Gy (35-39). Consistent with
these reports, rats in radiation groups developed
RP, and no accidental deaths occurred
throughout the course of the experiment.
Histopathological changes in the lungs could be
observed using HE staining (figure 1). At 2
weeks post-radiation we observed an increase in
the infiltration of neutrophils, macrophages and
lymphocytes, thickening of alveolar and vascular
endothelium, edema and erythrocytic and
fibrinous inflammatory exudates, all of which
are clear signs of inflammation and are
indicative of the development of RP (figure 1, c).
Although the inflammation appeared to subside
to some extent by week 4 (figure 1, d),
significant pathological changes were still
visible. In contrast, the control group displayed
normal lung histology throughout the course of
the experiment (figure 1, a & b).
Radiation induces an increase in CD45+HIS48+
granulocytes in rat peripheral blood
Because animal models have been shown to
be in the early stage of RP around 2-4 weeks

after irradiation (40, 41), we investigated changes
in circulating inflammatory cells in rats at 2 and
4 weeks post-radiation. Using flow cytometry,
leukocytes stained with anti-CD45 were first
gated from total blood cells. Based on this, the
two
inflammation-associated
subsets,
granulocytes expressing HIS48 and monocytes/
macrophages expressing CD11b/c were gated
and analyzed.
Analysis of the CD45+HIS48+ population
(figure 2 a-d, quantified in figure 2 e) showed
that at 2 weeks post-radiation, 31.01±1.90% and
53.88±7.80% of the CD45+ cells were HIS48+
granulocytes in the blood of control and RP rats,
respectively. This result indicates that thoracic
radiation led to a significant increase in the
amount of peripheral granulocytes in the blood
within two weeks (P<0.05). Notably, the level of
CD45+HIS48+ granulocytes seemed to have
plateaued by week 2 in RP rats, as the cell count
at week 4 (58.62±8.60% CD45+HIS48+ cells)
showed only a minor increase which did not
reach statistical significance (P>0.05).
Analysis of CD45+CD11b/c+HIS48- monocytes/
macrophages in rat peripheral blood
The second predictive indicator investigated
was
CD45+CD11b/c+HIS48monocytes/
macrophages. However, as shown in figure 3,
unlike granulocytes, radiation did not induce an
increase of CD45+CD11b/c+HIS48- cells at week
2 (figure 3, a, b and e) or week 4 (figure 3, c, d
and e). The levels of CD45+CD11b/c+HIS48- cells
were approximately 5% in each group, with no
statistically significant difference found between
the control and RP groups ( P>0.05).

Figure 1. HE staining of lung tissues. (a, b) HE staining of lung
sections obtained from the control group at week 2 (a) and
week 4 (b). (c, d) HE staining revealing lung inflammation in
irradiated rats (RP group) at week 2 (c) and week 4 (d)
following radiation. Arrows indicate areas of inflammation.
Magnification: ×400, scale bars: 100 µm.
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Figure 2. Determination of CD45+HIS48+ granulocytes in rat peripheral blood at 2 and 4 weeks post-radiation. (a-d)
Representative flow cytograms demonstrating changes in the number of CD45+HIS48+ cells at week 2 (a, b) and week 4 (c, d).
Arrows indicate HIS48+ granulocytes gated from pre-gated CD45+ single cells. (e) Quantification of the percentage of CD45+HIS48+
granulocytes in pre-gated CD45+ leukocytes in each group at the indicated time points. For each group, n=6, NS: P>0.05, *P<0.05,
**P<0.01.

Figure 3. Determination of CD45+CD11b/
c+HIS48- monocytes/macrophages in rat
peripheral blood at 2 and 4 weeks postradiation. (a-d) Representative flow cytograms
demonstrating changes in the number of
CD45+CD11b/c+HIS48- cells at week 2 (a, b)
and week 4 (c, d) Arrows indicate the CD11b/
c+HIS48- monocytes/macrophages gated from
CD45+ single cells. (e) Quantification of the
percentage of CD11b/c+HIS48- monocytes/
macrophages/CD45+ leukocytes in each group
at the indicated time points. For each group,
n=6, NS: P>0.05.
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DISCUSSION
It is well known that the increase of BAL
fluid granulocytes, one of the biological
responses induced by radiation, promotes the
progression of RP (42-44). However, our
understanding of the correlation between
peripheral granulocytes and RP is limited. Here,
we show that radiation in rats led to an increase
in peripheral granulocytes within two weeks
(the early stage of RP). This finding is consistent
with a previous report which showed that
peripheral neutrophil counts increased over
time in patients who ultimately experienced RP
(45), indicating that peripheral CD45+HIS48+
granulocytes may be clinically relevant and
could serve as a valuable potential predictor of
RP. However, the ways in which peripheral
granulocytes contribute to the development of
RP requires further exploration.
Prior studies also have established the
importance of monocytes/macrophages in RP
development (44, 46, 47). Monocytes/macrophages
induce toxic effects through the secretion of
cytokines, interleukins, interferons, and NO (48)
and the polarization of macrophages in lung
tissue has been observed in RP samples (1, 49).
However, our work indicates that significant,
systemic changes of macrophages does not
occur during RP development. It is possible that
this
is
because
inflammation-associated
macrophages were recruited and function
locally, leading to a relatively minor change in
peripheral blood. An investigation conducted in
patients noted an increase in alveolar
macrophages in bronchoalveolar lavage fluid,
not serum, providing support for this possibility
(1). Moreover, as revealed by our work, under
normal physiological conditions, monocytes/
macrophages only account for ~5% of
peripheral CD45+ cells analyzed, whereas
granulocytes represent ~30%. The possible
insensitivity of flow cytometry when analyzing
this small cell population may mask minor
changes in macrophage content.
Taken together, this article provides evidence
supporting the potential use of peripheral
CD45+HIS48+ granulocytes as an early predictor
of RP. The proposed indicator can easily be
Int. J. Radiat. Res., Vol. 19 No. 2, April 2021

tested in clinics, requiring only two simple processes: a routine blood sample collection and
flow cytometry analysis.

CONCLUSION
A significant increase in peripheral
CD45+HIS48+ granulocytes was observed at the
early-stage of RP in rats, suggesting the potential
value of these cells in predicting the development of RP. This potential predictor can be detected in the blood, which facilitates sample collection for both patients and doctors, and therefore offers significant promise for widespread
clinical application.
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