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ABSTRACT
Background: Burn patients are prone to infection as well as immunosuppression,
which is a significant cause of death. Currently, there is a lack of prognostic
biomarkers for immunosuppression in burn patients. This study was conducted to
identify immune-related genes that are prognosis biomarkers in post-burn
immunosuppression and potential targets for immunotherapy.
Methods:We downloaded the gene expression profiles and clinical data of 213 burn
patients and 79 healthy samples from the Gene Expression Omnibus (GEO)
database. Immune infiltration analysis was used to identify the proportion of
circulating immune cells. Functional enrichment analyses were carried out to identify
immune-related genes that were used to build miRNA-mRNA networks to screen
key genes. Next, we carried out correlation analysis between immune cells and key
genes that were then used to construct logistic regression models in GSE77791 and
were validated in GSE19743. Finally, we determined the expression of key genes in
burn patients using quantitative reverse transcription polymerase chain reaction
(qRT-PCR).
Results: A total of 745 differently expressed genes were screened out: 299 were
up-regulated and 446 were down-regulated. The number of Th-cells (CD4+)
decreased while neutrophils increased in burn patients. The enrichment analysis
showed that down-regulated genes were enriched in the T-cell activation pathway,
while up-regulated genes were enriched in neutrophil activation response in burn
patients. We screened out key genes (NFATC2, RORA, and CAMK4) that could be
regulated by miRNA. The expression of key genes was related to the proportion
of Th-cells (CD4+) and survival, and was an excellent predictor of prognosis in burns
with an area under the curve (AUC) value of 0.945. Finally, we determined that
NFATC2, RORA, and CAMK4 were down-regulated in burn patients.
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Conclusion: We found that NFATC2, RORA, and CAMK4 were likely prognostic
biomarkers in post-burn immunosuppression and potential immunotherapeutic
targets to convert Th-cell dysfunction.

Subjects Bioinformatics, Molecular Biology, Dermatology, Immunology, Medical Genetics
Keywords Post-burn immunosuppression, Prognostic biomarkers, Targets of immunotherapy,
Immune-related cell, miRNA

INTRODUCTION
According to the World Health Organization (WHO), an estimated 11 million burns and
180,000 resulting deaths occur worldwide each year. Although some attempts have been
made to use white blood cells, platelets, cytokines, burn areas, score scales, and other
methods to evaluate the prognosis of these incidents, the accuracy is unsatisfactory and the
application has been subjective (Osuka et al., 2019; Kraft et al., 2012; Prasad, Thode &
Singer, 2020; Hur et al., 2015). Although changes at the gene level are subtle and precise
and have been used to predict the prognosis of many diseases (Chang et al., 2020; Li et al.,
2020), few studies have explored the exact relationship between immune-related genes
(IRGs) and burn deaths. Furthermore, previous research has shown that >60% of deaths
are related to infection-related complications in burn patients, mainly because of antibiotic
resistance (Jeschke et al., 2020; Burns, 2020; Mofazzal Jahromi et al., 2018; Vinaik et al.,
2019; Lachiewicz et al., 2017). Immune dysfunction after burn injury is an important cause
of infection. Immunotherapy that activates T-cells by targeting T-cell factors can
effectively improve immune function (O’Sullivan et al., 1995; Kinoshita et al., 2013;
Kinoshita et al., 2011; Toliver-Kinsky et al., 2003). However, relatively few studies have
researched how to identify the key molecules of systematic immunosuppression after
burns. Therefore, identifying RNA changes in post-burn patients is important when
exploring prognostic biomarkers and potential immunotherapy targets.

In vivo, proteins are translated from mRNA that can be regulated by miRNAs through
exosomes that are secreted by stem cells (Hu et al., 2019; Mori et al., 2019). After burn
injury, exosomes containing miR-181c that is secreted from mesenchymal stem cells can
ameliorate the excessive inflammatory response by suppressing the TLR4 signaling
pathway through the down-regulation of NF-κB and p-p65 protein expression (Li et al.,
2016). Additionally, miRNAs can regulate the pathophysiological process of infection
in burn patients by destroying or protecting the intestinal mucosal barrier. MiR-320
prevents the apoptosis of intestinal cells by down-regulating the target gene, PTEN (Ke
et al., 2019). Conversely, miR-150 can regulate IL-6 and KC protein expression levels and
cause damage to the intestinal mucosal barrier after burns, leading to mucosal immune
destruction and thereby inducing infection (Morris et al., 2017). Previous studies suggest
that mRNAs could be regulated by miRNAs to regulate systemic immune homeostasis
and modulate anti-infective effects after burns through exosomes secreted by stem cells.
IRGs have a clear association with infection, which is the leading cause of burn-related
death. Furthermore, the interaction between mRNA and miRNA has proved to play a vital
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role in a variety of diseases and has reliable prognostic predictive ability (Chang et al., 2020;
Li et al., 2020). However, to our knowledge, no study has yet revealed a relationship
between immune-related genes and prognosis. Other studies have identified the
differential expression of miRNAs (DEMs) in thermal-stimulated epidermal stem cells, but
did not determine the target gene of miRNAs or whether those RNA were associated with
prognosis.

In order to identify prognosis biomarkers and potential immunotherapy RNAs, we
first screened the differentially expressed genes (DEGs) in the RNA sequence of blood
samples from 213 burn patients and 79 healthy adults using bioinformatics methods.
We investigated the changes in circulating immune cells (CICs) and the functions of DEGs
in burn patients. We then identified key genes related to the proportion and prognosis of
CICs that may be potential biomarkers for immunotherapy and prognosis in post-burn
immunosuppression. A graphical summary is presented in Fig. 1.

METHODS
Acquisition of RNA data
We downloaded two microarray expression profiles of human whole blood samples from
burn patients GSE19743 and GSE37069 from the Gene Expression Omnibus (GEO)
database (http://www.ncbi.nlm.nih.gov/geo/). Patients >18 years or <55 years with a
sampling time between 280 and 705 h were included (Table 1). We selected 28 and 81
burn patients with control groups of 25 and 37 healthy controls for the GSE19743 and
GSE37069 data sets (screening DEGs), respectively. Next, we used the expression profiles
and clinical data (survival and non-survival) from the GSE19743 and GSE77791 gene sets
(training and validating prognostic models), with 161 blood samples that included 81
survival and 23 non-survival (clinical data are shown in Table 2). We also selected data on

Figure 1 A graphical summary of the research design. Full-size DOI: 10.7717/peerj.12680/fig-1
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the DEMs in epidermal stem cells after thermal stimulation from a previously published
article (Rong & Liu, 2020) in PubMed. Given that all data were available from public
databases, there was no need for patient consent or ethical approval.

Data processing
Using the R software package “Affy”, we performed the background correction of
expression value and normalization of expression profile data, as well as conversion of the
original data format, supplementation of missing values, background correction, and data
standardization by the quantile method. We used “LIMMA” package in R software
(version 4.0.5) to analyze common DEGs in the GSE19743 and GSE37069 data sets
(FDR < 0.05, |logFC| > 1.5) and divided the common DEGs into two groups: the common
up DEGs and the common down DEGs.

Immune infiltration analysis
“CIBERSORT” is a machine learning algorithm that can analyze the proportion of
immune cells using RNA-seq (Newman et al., 2015). We downloaded the GSE19743
expression profile, selected 28 burn patients and 25 healthy controls, and performed
immune infiltration analysis using the “CIBERSORT” package in R software.
We considered cells with p < 0.05 as CICs for further analysis. Next, we used the “ggplot2”
package in R software to visualize the different proportion of CICs between burn
patients and healthy controls.

Enrichment analysis
We used the DAVID 6.8 online tool (https://david.ncifcrf.gov) to perform enrichment
analysis with the Kyoto Encyclopedia of Genes and Genomes (KEGG) and Gene Ontology

Table 1 Clinical data from burn patients in GSE37069 and GSE19743 (datasets utilized to screen
differentially expressed genes).

Group (burn) Sex Age Time of sampling

N Male Female

GSE19743 28 24 4 37.61 ± 7.98 439.28 ± 117.86

GSE37069 81 57 24 37.41 ± 10.45 411.92 ± 124.76

p 0.109 0.271 0.311

Table 2 Clinical data from burn patients in GSE37069 and GSE19743 (datasets utilized to screen
differentially expressed genes).

Group Sex Age TBSA Time of sampling
(GSE19743)

N Male Female Severe (30–49) Major (49–100)

Death 23 19 4 40.73 ± 7.67 3 20 422.24 ± 122.32

Survival 81 70 11 40.67 ± 10.74 21 60 393.33 ± 113.19

p 0.147 0.974 0.001 0.544
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(GO) on the two groups of DEGs. The “ggplot2” package in R software was used to draw a
bubble chart. ClueGo is a Cytoscape plug-in that can be used to perform enrichment
analysis and visualize the results. We uploaded the common up DEGs as Cluster 1 and the
common down DEGs as Cluster 2, and we performed biology process enrichment analysis
in ClueGO. Finally, we constructed the interaction network between the enrichment
results (FDR < 0.05).

Construction of immune-related gene sets
Gene set enrichment analysis (GSEA) was utilized to detect whether the preset gene
sets were enriched at the top or bottom of the sequencing table in order to identify the
function of DEGs. We selected the microarray expression profiles of 28 burn patients and
25 healthy adults in the GSE19743 gene set and used the “GeoTcgaData” package in
R software to convert the names of the gene probes to construct a gene expression matrix.
The matrix was uploaded to the GSEA software for enrichment analysis. Finally, we
selected immune-related genes (IRGs) in the biology process enrichment analysis in GO,
KEGG, and GSEA to construct an IRG set for subsequent analysis.

Constructing an miRNA–mRNA network and common expression
analysis between key genes and key CICs
We obtained DEMs from epidermal stem cells under thermal stimulation referencing
Rong & Liu (2020) and using the mirwalk online prediction tool (http://mirwalk.umm.uni-
heidelberg.de/) to predict target miRNA genes. We simultaneously selected the target
genes predicted by the three databases (miRWalk, Targetscan, and miRDB), among
which the interactions between miRNA and mRNA in the Targetscan database were
verified by experiments, for further research. We took the intersection of the predicted
miRNA target genes and IRGs and performed correlation analysis between the genes and
CICs to select key genes.

Constructing a survival-related risk regression model and validating
across different gene sets
We compared the differences in the expression profiles of key genes between the survival
group and the nonsurival group in order to explore the correlation between the key genes
and survival. SPSS software was utilized to draw the receiver operating characteristic
(ROC) curve between the expression of key genes and survival status, and we calculated the
AUC value to investigate the prognostic ability of key genes. Next, we validated the
expression level of key genes and repeated the ROC curve results in the GSE77791 dataset.
Then, we selected related genes to construct a logistic regression model and draw a
nomogram using the training cohort GSE77791 (the logistic regression results are shown
in Tables 3 and 4). Calibration curves and ROC curves were carried out to estimate the
accuracy and discrimination of the nomogram. Finally, we validated the model using the
external validation cohort GSE19743.
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Quantitative reverse transcription polymerase chain reaction
(qRT-PCR)
Blood samples were collected from six burn cases and six healthy controls from the
Department of Burns and Plastic & Wound Repair Surgery, Xiang’an Hospital of Xiamen
University between December 1, 2019 and December 1, 2020. This experiment was
conducted in accordance with the Declaration of Helsinki and with the approval of the
Medical Ethics Committee of Xiang’an Hospital Affiliated with Xiamen University
(xmuxayyky-2019-121) and informed patient consent in writing. Peripheral blood
mononuclear cells (PBMC) were isolated from blood using Ficoll sodium diatrizoate
gradient centrifugation (Sigma-Aldrich, St. Louis, MO, USA) and were dissolved in TRIzol
reagent (Invitrogen, Carlsbad, CA, USA). The total RNA was extracted using a RNeasy
kit (Qiagen, Hilden, Germany) and stored at −80 �C. Quantitative real time-PCR
(qRT-PCR) was used to determine the quantitative expression of key genes in the burn
patients. Reverse transcription was conducted using a 1st Strand cDNA Synthesis Kit
(Takara Kusatsu, Shiga, Japan) at 42 �C for 60 min, followed by 95 �C for 5 min.
A LightCycler� 480 II real-time PCR system (Roche, Basel, Switzerland) with a SYBR�
Premix Ex TaqTM Kit (Takara) was used to perform PCR at 95 �C for 2 min, followed
by 38 cycles at 95 �C for 30 s, 53 �C for 30 s, and 72 �C for 30 s. The results were
normalized to U6. The relative number of genes normalized to control was calculated
using the equation 2–ΔΔCT. The primer sequences are shown in Table 5.

Table 3 Univariate logistic regression analysis.

Factors β p OR 95% CI

NFATC2 −5.161 1.235E−07 0.006 [0.001–0.039]

RORA −0.851 7.000E−06 0.427 [0.295–0.618]

CAMK4 −5.268 6.053E−09 0.004 [0.001–0.024]

CAMK2D −1.278 9.600E−05 0.276 [0.145–0.527]

TBSA (50%) 1.483 0.008 4.407 [1.466–13.254]

Sex (1 = Female) 0.434 0.278 0.648 [0.296–1.419]

Age 0.011 0.270 1.011 [0.991–1.032]

Table 4 Multivariate logistic regression analysis.

Factors β p OR 95% CI

NFATC2 −4.714 4.100E−05 0.006 [0.001–0.085]

RORA −0.896 4.000E−03 0.427 [0.223–0.748]

CAMK4 −2.799 8.000E−03 0.004 [0.008–0.488]

CAMK2D 0.077 0.781 – –

TBSA (>50%) 1.332 0.248 – –
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RESULTS
Identification of DEGs
A total of 2,315 DEGs (605 up- and 1,710 down-regulated) in GSE19743 (Fig. 2A) and 961
DEGs (438 up- and 523 down-regulated) in GSE37069 (Fig. 2B) were screened out.
In the two gene sets, 745 DEGs were common expressed, 299 of which were common up
genes (Fig. 2C) and 446 were common down genes (Fig. 2D).

Immune infiltration analysis
In the blood of burn patients, CD4+ cells (Th) (naive, memory resting, and memory-
activated), T cells gamma delta, M2, B (naive), and NK (resting) cells decreased, while M0
macrophages, plasma cells, and neutrophils increased significantly (p < 0.05). Eosinophils,
monocytes, M1 and resting mast cells showed no significance (p > 0.05) (Fig. 3).

GO, KEGG pathway enrichment analysis, and GSEA of DEGs
GO enrichment analysis
According to our DAVID online analysis, the biological process in GO enrichment
analysis showed that in the common up genes, there was a total of 11 enrichment terms
(FDR < 0.05) that were mainly related to neutrophil activation. We visualized seven of
them below (Fig 4A). However, in the common down genes, there were a total of seven
enrichment terms (FDR < 0.05) that were mainly related to the proliferation and
differentiation of T lymphocytes (Fig. 4B).

KEGG pathway analysis
There were 15 pathways, including the T-cell receptor (TCR) signaling pathway
(FDR < 0.05), in the common down DEGs. The bubble chart shows the top seven
statistically significant results (Fig. 4C) (FDR < 0.05).

Table 5 List of primers used in reverse transcription-quantitative PCR.

Gene name Real-time quantitative PCR primer (5′to 3′)

NFATC2 F: 5′-CGATTCGGAGAGCCGGATAG-3′
R: 5′-TGGGACGGAGTGATCTCGAT-3′

RORA F: 5′-AAAAACATGGAGTCAGCTCCG-3′
R: 5′-AGTGTTGGCAGCGGTTTCTA-3′

CAMK4 F: 5′-ACA GAT GCA AAC AGA AGG GGA-3′
R: 5′-TTG GAT GTG AGA GGC GAA GAA-3′

CAMK2D F: 5′-CTC TTG TTT TGC TGT TGG GCT-3′
R: 5′-TGC TGA GAC ATT TGA GTC CGA-3′

GAPDH F: 5′-CCAGGTGGTCTCCTCTGA-3′
R: 5′-GCTGTAGCCAAATCGTTGT-3′

miR-212-3p F: 5′-CGCGAGATCAGAAGGTGATT-3′
R: 5′-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAGCCAC-3′
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GSEA
The GSEA analysis results showed that the GSE19743 gene matrix was mainly enriched in
immune-related pathways (Figs. 4D–4G).

We successfully repeated the results of enrichment analysis using the ClueGO plug-in
of CytoScape (Fig. 4H), confirming that the genes in Cluster 1 (common up DEGs)
(Fig. 4I) were primarily related to the response to bacterial infection and neutrophil
activation while genes in Cluster 2 (common down DEGs) (Fig. 4J) were primarily related
to adaptive immune pathways, particularly T-cell activation pathways.

Constructing IGR sets
We selected 168 IRGs from the GO, KEGG, and GSEA immune-related pathways for
further analysis (Table 6).

Figure 2 Results of different analyses in GSE19743 and GSE37069. Up-regulated DEGs are red while
down-regulated DEGs are blue (|logFC| ≥ 1.5, p < 0.05). (A) GSE19743 had a total of 2,315 DEGs (605
up- and 1,710 down-regulated). (B) GSE37069 had a total of 961 DEGs (438 up- and 523 down-regu-
lated). (C) Two hundred ninety-nine common up DEGs. (D) Four hundred forty-six common down
DEGs. Full-size DOI: 10.7717/peerj.12680/fig-2
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Figure 3 Results of immune infiltration analysis. Compared with the control group, burn patients had significantly decreased Th-cells (CD4+)
(naive, memory resting, and memory-activated), T cells gamma delta, M2, B cells naïve, and NK cells resting, significantly higher M0 macrophages,
plasma cells and neutrophils, and no difference in resting mast cells, M1, monocytes and eosinophils. Full-size DOI: 10.7717/peerj.12680/fig-3

Wang et al. (2022), PeerJ, DOI 10.7717/peerj.12680 9/31

http://dx.doi.org/10.7717/peerj.12680/fig-3
http://dx.doi.org/10.7717/peerj.12680
https://peerj.com/


Figure 4 GO, GSEA, and KEGG results. The abscissa is the ratio of the number of genes in the pathway to the total genes. The redder the color, the
smaller the FDR, and the larger the circle, the more enriched the genes. (A, B) Biological process in GO enrichment analysis showed that common up
genes were mainly enriched in the innate immune responses such as neutrophil activation, while common down genes were mainly enriched in
adapted immune responses such as the T-cell receptor signaling pathway. (C) The T cell receptor signaling pathway was also a result from the KEGG
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Predicting miRNA-targeted genes and constructing miRNA–mRNA
and common expression networks between key genes and key cycle
immune cells
Of the DEMs we selected from thermal-stimulated epidermal stem cells, 34 were
up-regulated and 13 were down-regulated (Table 7) (Rong & Liu, 2020) and there was
a predicted total of 321 miRNA target genes. When looking at the intersection between
IRGs and miRNA target genes, we identified four immune-related genes (key genes)
(Figs. 5A and 5B) that may be regulated by miRNAs: NFATC2, RORA, CAMK4, and
CAMK2D (Fig. 5C). Additionally, NFATC2, RORA, and CAMK4 expression were related
to the proportion of CD4-naive T cells (Fig. 6A) in burn patients. The expression profiles
of key genes NFATC2, RORA, and CAMK4 were correlated with CD4-naive T cells
(Figs. 6B–6D).

Validating key genes in different gene sets
The key genes showed a significant difference in survival and non-survival patients in
GSE19743 (Fig. 7). In GSE77791, the gene profile expression was significantly different
between burn patients and healthy controls (Fig. 8A), and the expression of NFATC2,
RORA, CAMK4, and CAMK2D also differed significantly between patients who survived
and those who died (p < 0.05) (Figs. 8B–8E). In GSE19743, the area under the curve
(AUC) values of the ROC curves in NFATC2, RORA, CAMK4, and CAMK2D were 0.783,
0.772, 0.755, and 0.705, respectively (p < 0.05), indicating a better predictor of prognosis
(Fig. 9A). In GSE77791, the AUC values of NFATC2, RORA, and CAMK4 were 0.712,
0.768, and 0.671, respectively (p < 0.05), which also suggests a better prognostic predictor
(Fig. 9B).

Constructing a survival related risk regression model
We constructed a logistic regression model using 104 burn samples (81 survival and
23 non-survival), as well as a nomogram (Fig. 9C) and calibration curves (Fig. 9D).
The AUC value of the ROC curves of the regression model was 0.945 (p < 0.05) (Fig. 9E).
We measured the model’s prognostic prediction ability in the external cohort (GSE19743)
and the AUC value indicated excellent prediction abilities (AUC: 0.920) (p < 0.05)
(Fig. 9F).

Figure 4 (continued)
enrichment analysis in common down genes. (D) T-cell receptor signaling pathway. (E) Graft versus host disease. (F) Autoimmune thyroid disease.
(G) Allograft rejection. (H, I) The network diagram of the interactions between the DEGs in the biological process enrichment analysis using the
ClueGo plug-in of Cytoscape. (H) Each circle represents a pathway, and circles with similar functions form a module. The multiple colors in the same
circle represent that this pathway participated in multiple modules. Module names are either red (meaning that the modules were mainly enriched
with common up genes), blue (the modules were mainly enriched with common down genes), or black (the genes enriched in the modules did not
have significant differences between the two groups). Genes in pathways related to the activation of T cells, especially Th-cells, were downregulated,
while genes in pathways related to the innate immune response, such as neutrophil activation, were up-regulated. (I) The pie chart represents the
proportion of genes in each pathway from the total number of Cluster 1 (common up genes) and (J) Cluster 2 (common down genes) genes.

Full-size DOI: 10.7717/peerj.12680/fig-4
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Table 6 Immune-related genes in GO, KEGG, and GESA enrichment analysis.

ID Term FDR Genes

GO:0045087 innate immune response 1.72E−06 IGHM, CRISP3, IGHV3-23, GATA3, LY9, CLU, MALT1, LILRA5, IGKC, KLRC4-KLRK1,
CLEC5A, S100A12, IGLC1, FYN, DEFA1B, PGLYRP1, JAK3, IGHA2, CAMP, AKIRIN2,
FCER1G, CR1, KLRC2, DEFA4, SH2D1A, BMX, SRPK1, IGLL5, AIM2, VNN1, SLPI,
LCK, LCN2, IGHD, LOC101060521, TLR7, PTX3, KLRD1, PADI4, TLR5, S100A8,
NAIP, APOBEC3B

GO:0006911 phagocytosis, engulfment 1.09E−05 IGHM, IGLL5, FCER1G, IGKC, IGHV3-23, IGHD, IGLC1, IGHA2

GO:0050871 positive regulation of B cell
activation

2.69E−05 IGHM, IGLL5, IGKC, IGHV3-23, IGHD, IGLC1, IGHA2

GO:0042742 defense response to
bacterium

3.54E−05 FCER1G, ANXA3, IGHV3-23, HP, MPO, IGLL5, IGKC, IGHD, S100A12, IGLC1, TLR5,
ELANE, CAMP

GO:0006910 phagocytosis, recognition 4.29E−05 IGHM, IGLL5, IGKC, IGHV3-23, IGHD, IGLC1, IGHA2

GO:0006955 immune response 4.30E−05 PTGER4, IL1RN, CXCL8, TCF7, IGHV3-23, LY75, CST7, LTB4R, FCAR, HLA-DMB,
IGKC, ATP6V0A2, IGLC1, CTSG, DEFA1B, PGLYRP1, IGHA2, HLA-DPA1, CD96,
IL1R2, GZMA, OSM, SERPINB9, GZMH, TGFBR3, CHIT1, AIM2, SLPI, CD8A,
GPR183, IGHD, HLA-DPB1, HLA-DRA, CEACAM8, IL7R, IL18R1, HLA-DQB1

GO:0050853 B cell receptor signaling
pathway

4.38E−05 IGHM, IGLL5, MEF2C, IGKC, PLEKHA1, LCK, IGHV3-23, BCL2, IGHD, NFATC2,
IGLC1, IGHA2

GO:0019731 antibacterial humoral
response

5.51E−05 IGHM, SLPI, DEFA4, RNASE3, DEFA1B, IGHA2, CAMP, LTF

GO:0031295 T cell costimulation 7.04E−05 LCK, TRAC, KLRC4-KLRK1, HLA-DPB1, CD28, HLA-DRA, CD3G, FYN, CD3D, HLA-
DPA1, HLA-DQB1

GO:0050870 positive regulation of T cell
activation

3.20E−04 LCK, HLA-DPB1, PRKCQ, CD47, MALT1, HLA-DPA1

GO:0050852 T cell receptor signaling
pathway

4.33E−04 BTN3A1, TRAT1, TXK, TRAC, CD3G, GATA3, CD3D, MALT1, PSMA5, LCK, PSME4,
HLA-DPB1, CD28, HLA-DRA, FYN, PRKCQ, HLA-DPA1, HLA-DQB1

GO:0050900 leukocyte migration 5.50E−04 FCER1G, ITGA4, ITGB3, MMP9, CD2, SLC7A6, CEACAM1, CEACAM6, LCK, OLR1,
SIRPA, FYN, CEACAM8, CD47, CD44, CD177

hsa05320 Autoimmune thyroid
disease

8.48E−04 HLA-DMB, HLA-DPB1, CD28, PRF1, HLA-DRA, GZMB, HLA-DPA1, HLA-DQB1,

GO:0006355 regulation of transcription,
DNA-templated

8.75E−04 ZNF573, ZNF571, HP1BP3, RORA, AFF3, CCAR1, NR3C2, RPS6KA5, SCML1, LBH,
ZNF805, ZNF83, ZNF529, ZXDB, ZNF207, ZNF567, ZNF600, PDE8A, MYBL1, ZNF320,
MEF2C, RALGAPA1, ZFP3, ZNF160, SFMBT2, EBF1, RHOH, PAX5, ZNF92, EEF1D,
RFX7, ZNF439, PRKCQ, ZNF677, ABCG1, ZNF432, ZNF550, SATB1, ZNF23, ZNF709,
ZNF827, ZNF286B, STAT4, ZNF107, ZNF302, SCAI, ZNF420, ZFHX3, MTERF3,
ZNF260, ZBTB10, NFATC2, NR1D2, ZNF736, ESF1, TARDBP,

GO:0002250 adaptive immune response 9.56E−04 EOMES, ERAP2, BTN3A1, TRAT1, TXK, SH2D1A, ERAP1, CRTAM, RNF125, CAMK4,
GPR183, KLRC4-KLRK1, FYN,

hsa04660 T cell receptor signaling
pathway

1.31E−03 NFATC2, CD3G, MAPK14, RASGRP1, CD3D, MALT1, DLG1, PPP3CC, LCK, CD8A,
AKT3, CD28, FYN, PRKCQ

GO:0050776 regulation of immune
response

1.43E−03 CD96, KLRB1, ITGA4, CD160, SH2D1A, TRAC, CRTAM, CD3G, CD3D, CD8A, KLRC4-
KLRK1, KLRF1, KLRD1, CLEC2D,

hsa05166 HTLV-I infection 1.44E−03 STAT5B, IL1R2, NFATC2, ADCY3, RRAS2, CD3G, CD3D, ETS2, ELK4, DLG1, HLA-
DMB, PPP3CC, LCK, IL2RB, AKT3, HLA-DPB1, TSPO, HLA-DRA, ANAPC5, JAK3,
PRKACB, ATR, HLA-DPA1, HLA-DQB1

hsa04612 Antigen processing and
presentation

1.56E−03 HLA-DMB, KLRC2, CD8A, KLRC3, HLA-DPB1, HLA-DRA, KLRD1, HLA-DPA1, HLA-
DQB1,

GO:0001816 cytokine production 1.75E−03 MAF, TXK, NFATC2IP, NFATC2, RASGRP1, S100A8,
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Expression level of key genes and their miRNA
The results showed that the expression of NFATC2, CAMK4, RORA, CAMK2D, and
miR-494-3p decreased in burn patients’ blood (p < 0.05). However, miR-212-3p expression
increased (p < 0.05) and t miR-3064-5p and miR-129-5p expression showed no significant
differences between burn and normal patients (p > 0.05). NFATC2, CAMK4, RORA,
and miR-212-3p expression was consistent with data from RNA-seq (Fig. 10).

DISCUSSION
Although previous studies explored the changes in a specific subtype of immune cells
after burns, none of them, to our knowledge, used IRGs to predict prognosis. Severe burns
are further complicated by a reduced numbers of T cells and dysregulated differentiations
of Th-cells in the blood and spleen (O’Sullivan et al., 1995; Tschöp et al., 2009; Zhang
et al., 2017; Deveci et al., 2000). In this study, we found that the number of neutrophils,
plasma, and M0 macrophages increased, but T cells gamma delta, M2, B cells naive, NK
cells resting and Th (CD4+) (naive, memory resting, and memory activated) cells, which
are effector cells of the adaptive immune response, significantly decreased in burn patients.
This persisted for a considerable period of time after the burn injury (Tschöp et al., 2009).
Previous studies also showed that this immune-cell disorder, characterized by an
overpowering inflammatory response and a state of adaptive immunosuppression, was an
important factor for compromised immunity following burn injury (Samonte et al., 2004).
Thrombopenia, burn-severity models, and immune cells have been used to predict
prognosis, but they are insufficient. We determined that the IRGs NFATC2, RORA, and
CAMK4 were significantly associated with prognosis, and performed better than white
blood cells, platelets, cytokines, burn areas, and score scales. Immunotherapy can improve
the function of immune cells and reduce deaths caused by infection, but available targets

Table 6 (continued)

ID Term FDR Genes

GO:0006958 complement activation,
classical pathway

1.81E−03 IGHM, IGLL5, CR1, IGKC, IGHV3-23, IGHD, IGLC1, IGHA2, CLU

hsa05332 Graft-vs-host disease 2.36E−03 HLA-DMB, HLA-DPB1, CD28, PRF1, HLA-DRA, GZMB, HLA-DPA1, HLA-DQB1

hsa04672 Intestinal immune network
for IgA production

3.72E−03 HLA-DMB, ITGA4, HLA-DPB1, CD28, HLA-DRA, HLA-DPA1, HLA-DQB1,

hsa05330 Allograft rejection 4.97E−03 HLA-DMB, HLA-DPB1, CD28, PRF1, HLA-DRA, GZMB, HLA-DPA1, HLA-DQB1

hsa05321 Inflammatory bowel
disease (IBD)

8.00E−03 HLA-DMB, MAF, STAT4, HLA-DPB1, HLA-DRA, RORA, TLR5, IL18R1, HLA-DPA1,
HLA-DQB1

hsa04940 Type I diabetes mellitus 0.001100442 HLA-DMB, HLA-DPB1, CD28, PRF1, HLA-DRA, GZMB, HLA-DPA1, HLA-DQB1

hsa05152 Tuberculosis 0.001517592 CAMK2D, CR1, FCER1G, MAPK14, MALT1, HLA-DMB, PPP3CC, LAMP1, AKT3, HLA-
DPB1, BCL2, ATP6V0A2, HLA-DRA, CTSD, CAMP, HLA-DPA1, HLA-DQB1

hsa05416 Viral myocarditis 0.00157646 HLA-DMB, RAC2, HLA-DPB1, CD28, PRF1, HLA-DRA, FYN, HLA-DPA1, HLA-DQB1

hsa05323 Rheumatoid arthritis 0.002170232 HLA-DMB, CXCL8, ATP6V0A2, HLA-DPB1, CD28, HLA-DRA, HLA-DPA1, HLA-
DQB1,

hsa04650 Natural killer cell mediated
cytotoxicity

0.003601034 PPP3CC, LCK, SH2D1A, KLRC4-KLRK1, PRF1, NFATC2, GZMB, KLRD1, FYN,
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Table 7 DEMs between thermal-stimulated epidermal stem cells and controls.

miRNA ID log2 (fold change) Adj. p. val

Up-regulated miRNA

hsa-miR-4485-3p 4.2279 1.2 × 10−7

hsa-miR-1973 6.9388 2.1 × 10−4

hsa-miR-548j-5p 6.6339 7.2 × 10−4

hsa-miR-212-3p 6.6339 7.2 × 10−4

hsa-miR-4461 6.6339 7.2 × 10−4

hsa-miR-4510 6.5464 1.0 × 10−3

hsa-miR-3128 6.5464 1.0 × 10−3

hsa-miR-549a 6.4534 1.4 × 10−3

hsa-miR-494-3p 6.3539 1.9 × 10−3

hsa-miR-7641 6.3539 1.9 × 10−3

hsa-miR-1976 6.3539 1.9 × 10−3

hsa-miR-6868-3p 6.3539 1.9 × 10−3

hsa-miR-548u 6.3539 1.9 × 10−3

hsa-miR-2116-3p 6.2470 2.8 × 10−3

hsa-miR-3614-5p 6.2470 2.8 × 10−3

hsa-miR-744-3p 6.2470 2.8 × 10−3

hsa-miR-1287-5p 6.2470 2.8 × 10−3

hsa-miR-3064-5p 6.2470 2.8 × 10−3

hsa-miR-181b-2-3p 6.2470 2.8 × 10−3

hsa-miR-3176 6.1313 4.1 × 10−3

hsa-miR-516b-5p 6.0058 6.1 × 10−3

hsa-miR-338-5p 6.0058 6.1 × 10−3

hsa-miR-4746-5p 6.0058 6.1 × 10−3

hsa-miR-20a-3p 6.0058 6.1 × 10−3

hsa-miR-3688-3p 6.0058 6.1 × 10−3

hsa-miR-3179 6.0058 6.1 × 10−3

hsa-miR-6514-3p 5.8684 9.2 × 10−3

hsa-miR-1237-3p 5.8684 9.2 × 10−3

hsa-miR-431-5p 5.8684 9.2 × 10−3

hsa-miR-382-3p 5.8684 9.2 × 10−3

hsa-miR-134-5p 5.8684 9.2 × 10−3

hsa-miR-4659a-3p 5.8684 9.2 × 10−3

hsa-miR-409-5p 5.8684 9.2 × 10−3

Down-regulated miRNA

hsa-miR-4520-5p −6.8054 2.9 × 10−4

hsa-miR-4661-5p −6.4835 1.0 × 10−3

hsa-miR-191-3p −6.3904 1.4 × 10−3

hsa-miR-129-5p −6.3904 1.4 × 10−3

hsa-miR-147b −6.2908 1.9 × 10−3

hsa-miR-6868-3p −6.2908 1.9 × 10−3
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are still few (Toliver-Kinsky et al., 2003; Williams et al., 2009). In our research, we found
that NFATC2, RORA, and CAMK4 were co-expressed with Th cells in burn patients.
Th-cells are associated with important the adaptive immune response, which is mainly
involved in adaptive immune disorders after burns (Patenaude et al., 2005). This also
means that these genes are potential targets for immunotherapy and a meaningful
direction for future research.

In GO terms, common up DEGs were mainly enriched in innate immune response,
which is characterized by the activation of neutrophils, while common down DEGs were in
the TCR signaling pathway that controls the development of T cells. In KEGG analysis,
common down DEGs were mainly enriched in the TCR signaling pathway (FDR < 0.05)
and other T-cell activation-related pathways. Additionally, we repeated the results of
enrichment analysis using ClueGo. Biological process enrichment analysis via ClueGo
showed that the common up DEGs were mainly enriched in the neutrophil-mediated
inflammatory response and antimicrobial response pathways. The common down
DEGs were mainly enriched in pathways related to lymphocyte (particularly T-cell)
activation and proliferation, such as the TCR signaling pathway, lymphocyte activation,
and antigen receptor presentation. These results are consistent with previous experiments
that showed an excessive inflammatory response and suppression of the adaptive
immune response in humans and mice following burn injury (Zhang et al., 2017).
However, in this study, we explored the possible mechanism from the level of the pathway
and molecular mechanisms.

Our immune infiltration analysis determined that in burn patients, the changes in the
proportion of 14 types of circulating immune cells, especially Th cells, neutrophils, and
macrophages, were probably relevant to immune dysfunction. Th is a key adaptive

Table 7 (continued)

miRNA ID log2 (fold change) Adj. p. val

hsa-miR-323a-3p −6.1839 2.8 × 10−3

hsa-miR-6515-5p −6.1839 2.8 × 10−3

hsa-miR-1295a −6.1839 2.8 × 10−3

hsa-miR-1248 −6.1839 2.8 × 10−3

hsa-miR-193a-3p −6.0685 4.1 × 10−3

hsa-miR-1294 −6.0685 4.1 × 10−3

hsa-miR-149-3p −6.0685 4.1 × 10−3

hsa-miR-6887-3p −5.9430 6.1 × 10−3

hsa-miR-510-5p −5.9430 6.1 × 10−3

hsa-miR-486-5p −1.7053 7.4 × 10−3

hsa-miR-2277-5p −5.8053 9.2 × 10−3

hsa-miR-6806-3p −5.8053 9.2 × 10−3

hsa-miR-4683 −5.8053 9.2 × 10−3

hsa-miR-4504 −5.8053 9.2 × 10−3

hsa-miR-29b-2-5p −5.8053 9.2 × 10−3
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Figure 5 Network of miRNA and mRNA. (A) A total of 11 miRNAs were predicted using three databases at the same time, which are represented by
circles in the network. The 11 differently expressed miRNAs had a total of 321 targeted mRNAs, which are represented by squares in the network.
The red modules in the network were also immune-related genes, and the blue modules were not included in the immune-related genes. (B) There are
168 immune-related genes and 321 miRNA target genes. (C) There are four intersections among them. Full-size DOI: 10.7717/peerj.12680/fig-5
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Figure 6 Relationship between key gene and CIC expression. (A) Common expression relationship
between key genes and CICs. (B) Correlation between NFATC2 and CD4-naive T cells. (C) Correlation
between RORA and CD4-naive T cells. (D) Correlation between CAMK4 and CD4-naive T cells.
(E) Correlation between CAMK2D and CD4-naive T cells. Full-size DOI: 10.7717/peerj.12680/fig-6
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immune cell according to characteristic cytokines and lineage transcription factors,
Th-cells (CD4+) are classified as Th1 (IFN-γ and T-bet), Th2 (IL-4/IL-5/IL-13 and
GATA3), Th17 (IL-17/IL-22 and RORγt), or Treg (IL-10/TGF-β/IL-35 and Foxp3).
Th1 secretes IFN-γ and IL12, which mainly plays a pro-inflammatory role. Th2 secretes
IL-4, IL-5, and IL-13 (Gurram & Zhu, 2019), which can play an anti-inflammatory role.
Th17 secretes IL-17A, which plays a crucial role in the mucosal antibacterial response

Figure 7 Differences in the expression profiles of key genes between surviving and non-surviving patients.
Full-size DOI: 10.7717/peerj.12680/fig-7

Wang et al. (2022), PeerJ, DOI 10.7717/peerj.12680 18/31

http://dx.doi.org/10.7717/peerj.12680/fig-7
http://dx.doi.org/10.7717/peerj.12680
https://peerj.com/


Figure 8 Different expression profiles between burn patients and health controls in GSE77791. (A) Heat map of GSE77791 (Top 100). (B–E)
Key genes were significantly different between survival and non-survival patients. Full-size DOI: 10.7717/peerj.12680/fig-8

Wang et al. (2022), PeerJ, DOI 10.7717/peerj.12680 19/31

http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE77791
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE77791
http://dx.doi.org/10.7717/peerj.12680/fig-8
http://dx.doi.org/10.7717/peerj.12680
https://peerj.com/


Figure 9 Results of the regression model. (A, B) ROC curve of key genes in burn patients in GSE19743 and GSE77791. (C) The nomogram of the
multivariate logistic regression, (D) calibration, and (E) ROC curves in GSE77791. (F) Validation results of logistic regression model in GSE19743
(p < 0.05). Full-size DOI: 10.7717/peerj.12680/fig-9
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(Annunziato, Romagnani & Romagnani, 2015; Park et al., 2005). Treg secretes IL-10,
TGFβ, and IL-35, which can suppress other immune cells (Shevach, 2009) and inhibit the
antigen-presenting function of dendritic cells (DCs) (Shevach & Thornton, 2014). Th-cell
proliferation and differentiation disorders, such as suppressed Th1 differentiation,
increased Th2 differentiation, and an augmented number of Th17 and Treg cells, are
thought to play an important role in adaptive immunosuppression following burn injury
(O’Sullivan et al., 1995; Valvis et al., 2015; MacConmara et al., 2011; Hunt et al., 1998;
Rendon & Choudhry, 2012). Furthermore, burns induce the apoptosis of T cells, leading
to a decrease in the number of T cells (Zhang et al., 2018). Finally, burns lead to the
impaired secretion of Th cytokines, for example, a decrease in pro-inflammatory cytokines
IFN-γ, IL-2, and IL-12, which can induce the differentiation of Th1 cells. Meanwhile,
anti-inflammatory cytokines IL-4, IL-10, and IL-1 increased. IL-4 can induce Th2 which
produces IL-10, through which Th2 cells can inhibit antigen presentation via APCs and
induce reduction of inflammation (O’Sullivan et al., 1995; Beckmann et al., 2020).
These cytokine alterations eventually lead to immune dysfunction characterized by

Figure 10 The results of qRT-PCR regarding NFATC2, RORA, CAMK4, CAMK2D, mir-212-3p,
miR-3064-5p, miR-494-3p, and miR-129-5p. “�” means (p < 0.05), “��” means (p < 0.01), “���”
means (p < 0.001), and “ns” means no difference. Full-size DOI: 10.7717/peerj.12680/fig-10
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Th1/Th2 and Th17/Treg alterations (Zhang et al., 2018). Neutrophils and macrophages
are also important effector cells in the inflammatory response. In burn patients,
neutrophils and macrophages are activated and mediate the inflammatory response to
clear necrotic tissue and exert anti-infective effects (Schwacha, 2003; von Müller et al.,
2020). However, the adaptive immune response is diminished in burn patients, and it is
known that neutrophils and immature neutrophils in tumors can suppress Th-cell
activity and recruit Treg cells to promote immunosuppression, which may be the same
mechanism in burn patients (Kinoshita et al., 2011; Aarts et al., 2019; Hampson et al.,
2017). At the same time, excessive macrophages can inhibit the function of Th-cells in
burn patients (Schwacha, 2003; Luo et al., 2005). We speculated that the overactivation of
inflammatory cells in burn patients may lead to the imbalance of immune cells, which
may be an important factor of post-burn immunosuppression. However, recent studies
on these immune cell abnormalities have mainly focused on cells and cytokines, and there
are few studies at the gene level, which are the main causes of pathological changes.
The results of this analysis were consistent with previous experiments at the cellular level,
but we revealed more pathways and molecular abnormalities at the gene level, which will
be helpful for future experimental studies.

NFATC2, RORA, CAMK4, and CAMK2D were immune-related DEGs and also target
genes of miRNAs that were differentially expressed in thermal-stimulated epidermal stem
cells. We identified four mRNA-miRNA pairs: NFATC2 and miR-212-3p, RORA and
miR-3064-5p, RORA and miR-129-5p, and CAMK2D and miR-494-3p. Our correlation
analysis showed that NFATC2, RORA, and CAMK4 were positively correlated with the
proportion of naive CD4+ T cells, all of which were downregulated.

NFATC2 is a member of the NFAT family, and a decrease of NFAT, caused by
events such as the reduction of IL-2, can affect the production of cytokines in the Th-cells
of burn patients (Choudhry et al., 2002).NFATC2 is expressed in Th1, Th2, Th17, and Treg
cells as a downstream signaling molecule of the TCR signaling pathway and interacts
with multiple Th-cell developmental transcription factors such as AP1, FOXP3, and BATF
to regulate cytokine production (Mehta et al., 2005;Wu et al., 2006).NFATC2 increases the
expression of IL17-A and IL21, thereby enhancing Th17 cell-mediated inflammatory
response (Kaminuma et al., 2012; El‐Said et al., 2019). Defects in NFATC2 lead to a
decreased thymocyte count, impaired T-cell proliferation, and decrease of cytokines such
as IL-4 and IL-17A that are characteristic of Th2 and Th17 in mice (Gomez-Rodriguez
et al., 2009). However, when Treg cells and their characteristic cytokines, IL-10 and TGF-β,
are increased, this enhances immunosuppression (Rathod et al., 2020). Additionally,
NFATC2 deficiency showed the same trend of change in IL-21 as miR-320c (El‐Said et al.,
2019). In this study, NFATC2 significantly decreased in burn patients and was common
expressed with naive CD4+ T cells. However, to our knowledge, no one has yet conducted
an in-depth study on NFATC2 and its targeted miRNA, which may be a key gene or
target of immunotherapy for Th-cell dysfunction in post-burn patients. Therefore,
NFATC2merits further investigation with respect to immunosuppression in burn patients.

Both RORA and RORγt belong to the retinoid acid receptor-related orphan receptor
family. RORγt is an important transcription factor that regulates Th17 differentiation.
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RORA can synergize with RORγt to promote differentiation and the function of Th17 cells.
A combined lack of RORγt and RORA can completely eliminate IL-17 expression
(Yang et al., 2008). IL-17 is a characteristic cytokine of Th17 cells that exerts mucosal
immunity. Impaired immune barriers in the intestinal and respiratory mucosa played a key
role in bacterial translocation after burn injury (Grimes et al., 2016). In this study, RORA
was significantly downregulated in burn patients. RORA may be a key molecule or
biomarker for this pathological process.

CAMK4 and CAMK2D are both calcium/calmodulin-dependent kinases that are
members of the CAMK family. This family is a downstream molecule of the second
messenger, Ca2+, which plays an important role in the activation of T cells. CAMK4 is
highly expressed in CD4+ T cells (Hanissian et al., 1993). When the TCR signaling pathway
is activated, the concentration of Ca2+ rises, activating CAMK4 downstream, promoting
the activation of downstream pathways, and amplifying downstream signals for T-cell
activation (Hanissian et al., 1993; Hook & Means, 2001). CAMK4 can negatively regulate
IL-2 transcription to promote IL-17 transcription in Th17 cells. Mice lacking CAMK4
inhibit IL-17 production through the Akt/mTOR/IL-17A axis, which impacts the
development of Th17 cells (Anderson &Means, 2002; Koga et al., 2014; Koga & Kawakami,
2018). In addition, CAMK4 activates the phosphorylation of CREB to regulate NFAT
transcriptional activity (Yu, Shih & Lai, 2001; Sato et al., 2006) and regulates the activity of
transcription factor ROR via the CAMKK/CAMK4 cascade response (Kim & Leonard,
2007). In adults, silencing of the CAMK4 gene reduces the mRNA levels of IL-17, IL-22,
and RORγ and inhibits Th17 differentiation. CAMK4 function-deficient mice showed
enhanced Treg cell activity (Koga et al., 2014; Zhan et al., 2020; Koga et al., 2014; Koga
et al., 2012), which disrupted the balance of Th17 and Treg cells, leading to a disturbed
balance between mucosal immunity and immunosuppression. Apparently, CAMK4 is
essential to promote the function of Th17 cells and suppress Treg cells. In this study,
CAMK4 expression was found to be significantly downregulated, which may be an
important mechanism and target of immunotherapy in burn patients with
immunosuppression.

The AUC values of the ROC curves revealed that NFATC2, RORA, CAMK4, and
CAMK2D showed a good predictive ability for patient survival status in GSE19743.
However, in the logistic hazards model (GSE77791), only NFATC2, RORA, and CAMK4
had a superb ability to predict prognosis (AUC:0.945). Therefore, CAMK2D (p = 0.781)
was excluded from the ROC curves in GSE77791. Furthermore, there were significant
differences in the expression levels of NFATC2, RORA, and CAMK4 between the survival
and non-survival groups (p < 0.05). Sex (p = 0.278), age (p = 0.270), and TBSA (p = 0.248)
were excluded in the logistics hazards model, which means that NFATC2 (p < 0.05,
OR = 0.006), RORA (p < 0.05, OR = 0.427), and CAMK4 (p < 0.05, OR = 0.004) are
independent factors for predicting prognosis. A nomogram was established to predict the
survival probability of burn patients in GSE19743, and ROC and calibration curves showed
that the model performed outstandingly in predicting prognosis (AUC:0.920) in a
validation cohort. The above studies convincingly showed that that NFATC2, RORA,
and CAMK4 are all important genes that were related with the development and
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proliferation of T cells and can be used as biomarkers to predict prognosis. However, the
specific role of these genes in burn injury has not been thoroughly studied. Additionally,
the above genes may be regulated by miR-212-3p (NFATC2), miR-3064-5p (RORA),
miR-129-5p (RORA, CAMK4), and miR-494-3p (CAMK2D), and we found that the
expression of NFATC2, CAMK4 and RORA were down-regulated and miR-212-3p was
up-regulated in burn patients. Although some miRNAs were not differentially expressed in
burn patients, the interaction network between miRNA and mRNA was only a process
of narrowing the gene range and the mRNAs were down regulated in 213 burn patients
and verified by PCR. This does not affect the fact that mRNA is differentially expressed in
vivo nor its ability as a prognostic biomarker. This finding will guide subsequent research
that will explore immunotherapy targets. For example, some miRNAs may need only a
small amount to play a role, or there are other regulatory networks to be further explored.
In all, NFATC2, RORA, and CAMK4 can predict prognosis and have the potential to
restore immune function.

There have been previous bioinformatic studies on burns. In the GSE7404 gene set, the
authors studied DEG changes after burns (Gao et al., 2016) and found that DEGs were
related to immune dysfunction. However, this study was conducted on mice, hence it
was difficult to apply these findings to human subjects. Others studied the sequencing
data of burn patients in GSE77791 and also believed that the immune function of burn
patients was suppressed (Fang et al., 2020). In addition, Li et al. (2016) studied the
GSE19743 data and found DEGs were enriched in immune-related pathways. However,
these two studies neither analyzed the interaction and activation status in the pathways nor
revealed the correlation between key genes and prognosis, and the relationship between
DEGs and cell phenotypic changes remains unknown. Some scholars have tried to build a
prognostic model using a pattern of immune cells, such as red blood cells (RBCs),
WBCs including neutrophils, monocytes, and lymphocytes, and platelets. However, they
are only limited to a few types of cells, and sensitivity and specificity of the model did not
perform very well (Osuka et al., 2019). There were also scholars who have studied the
relationship between cytokines, Baux score, burn area, complications, and prognosis, but
those predictors were not able to accurately predict the prognosis of burn patients and
are highly subjective in practical application (Kraft et al., 2012; Prasad, Thode & Singer,
2020; Hur et al., 2015).

To our knowledge, ours is the first study in which three gene sets, including a total of
213 burn patients, were analyzed using bioinformatics. We described the overall pattern of
immune cells in the blood of patients following burns. We found that the functional
annotation of DEGs was related to dysfunction in the Th-cells and activated an
inflammation response. We also identified the key genes that were associated with the
decrease of Th-cells and performed well during the predicting prognosis. According to
qRT-PCR, the expression of NFATC2, CAMK4, RORA, and miR-212-3p were consistent
with the data from RNA-seq. Therefore, we hypothesized that these genes are likely to be
prognostic biomarkers and are beneficial for subsequent research that will explore
immunotherapy targets to improve the immune function of post-burn patients.
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Our study had some limitations. The clinical data in this study was insufficient.
We need more clinical data on shock vs non-shock, treatment methods, and survival times
to give our model strength and credibility, and we need more prognostic markers to
comprehensively assess the prognosis of burn patients. Further, the number of patients
for the analysis of correlation between mRNA and clinical outcomes was not large
enough and there was also a lack of clinical data to explore the relationship between
miRNA expression and prognosis. More molecular biology, cell, and animal experiments
are required to further confirm the interaction between mRNA and miRNA and the
value of key genes as immunotherapy targets and prognostic biomarkers. We hope these
results can improve prognosis, guide future studies with larger sample sizes and detailed
clinical data to confirm the prognostic ability of key genes, and guide the next
experiment that will explore immunotherapy biomarkers in post-burn
immunosuppression.

CONCLUSION
Using the bioinformatics approach, we identified the key cell, Th-cell, that likely
functions in immunosuppression in burn patients. Based on the mRNA-miRNA network,
we found key genes and constructed logistic hazard regression that performed well in
predicting the survival in burn patients. In this study, we also found that the trends in the
expression levels of NFATC2, RORA, and CAMK4 were the same as the proportion of
Th-cells in the blood of burn patients and the lower expression of those genes were
correlated with death in burn patients. Therefore, we hypothesized that these genes
are potential immunotherapy targets and prognostic biomarkers in post-burn
immunosuppression.

ABBREVIATIONS
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KEGG Kyoto Encyclopedia of Genes and Genomes

IRGs Immune-related genes
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ROC receiver operating characteristic

ACKNOWLEDGEMENTS
We would like to thank the staff at the Department of Burns and Plastic & Wound Repair
Surgery, Xiang’an Hospital of Xiamen University for their help in this study, as well as Yi
Liao for her help in statistics.

Wang et al. (2022), PeerJ, DOI 10.7717/peerj.12680 25/31

http://dx.doi.org/10.7717/peerj.12680
https://peerj.com/


ADDITIONAL INFORMATION AND DECLARATIONS

Funding
The project was supported by the Natural Science Foundation of Fujian Province of China
(No. 2019J01011); Opening Project of Fujian Key Laboratory (No. XHZDSYS202004,
No. XHZDSYS202005); Starting Package of Xiang’an Hospital of Xiamen University
(No. PM201809170010). The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Natural Science Foundation of Fujian Province of China: 2019J01011.
Fujian Key Laboratory: XHZDSYS202004, XHZDSYS202005.
Xiang’an Hospital of Xiamen University: PM201809170010.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
� Peng Wang conceived and designed the experiments, authored or reviewed drafts of the
paper, and approved the final draft.

� Zexin Zhang conceived and designed the experiments, analyzed the data, prepared
figures and/or tables, and approved the final draft.

� Bin Yin performed the experiments, prepared figures and/or tables, and approved the
final draft.

� Jiayuan Li performed the experiments, analyzed the data, prepared figures and/or tables,
authored or reviewed drafts of the paper, and approved the final draft.

� Cheng Xialin performed the experiments, prepared figures and/or tables, and approved
the final draft.

� Wenqin Lian analyzed the data, prepared figures and/or tables, and approved the final
draft.

� Yingjun Su performed the experiments, authored or reviewed drafts of the paper, and
approved the final draft.

� Chiyu Jia conceived and designed the experiments, authored or reviewed drafts of the
paper, and approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

This experiment was conducted in accordance with the Declaration of Helsinki, with the
approval by Ethics Committee of Medical Department of Xiamen University (xmuxayyky-
2019-121) and informed consent of the patients.

Wang et al. (2022), PeerJ, DOI 10.7717/peerj.12680 26/31

http://dx.doi.org/10.7717/peerj.12680
https://peerj.com/


Data Availability
The following information was supplied regarding data availability:

The code is available in the Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.12680#supplemental-information.

REFERENCES
Aarts CEM, Hiemstra IH, Tool ATJ, van den Berg TK, Mul E, van Bruggen R, Kuijpers TW.

2019. Neutrophils as suppressors of T cell proliferation: does age matter? Frontiers in
Immunology 10:2144 DOI 10.3389/fimmu.2019.02144.

Anderson KA, Means AR. 2002. Defective signaling in a subpopulation of CD4(+) T cells in the
absence of Ca(2+)/calmodulin-dependent protein kinase IV. Molecular and Cellular Biology
22(1):23–29 DOI 10.1128/mcb.22.1.23-29.2002.

Annunziato F, Romagnani C, Romagnani S. 2015. The 3 major types of innate and adaptive
cell-mediated effector immunity. The Journal of Allergy and Clinical Immunology
135(3):626–635 DOI 10.1016/j.jaci.2014.11.001.

Beckmann N, Huber F, Hanschen M, St. Pierre Schneider B, Nomellini V, Caldwell CC. 2020.
Scald injury-induced T cell dysfunction can be mitigated by Gr1(+) cell depletion and blockage
of CD47/CD172a signaling. Frontiers in Immunology 11:876 DOI 10.3389/fimmu.2020.00876.

Burns WHO. 2020. Journal of immunology (Baltimore, Md : 1950). 2016. Available at https://
www.who.int/news-room/fact-sheets/detail/burns.

Chang Z, Huang R, Fu W, Li J, Ji G, Huang J, Shi W, Yin H, Wang W, Meng T, Huang Z,
Wei Q, Qin H. 2020. The construction and analysis of ceRNA network and patterns of immune
infiltration in colon adenocarcinoma metastasis. Frontiers in Cell and Developmental Biology
8:688 DOI 10.3389/fcell.2020.00688.

Choudhry MA, Mao H, Haque F, Khan M, Fazal N, Sayeed MM. 2002. Role of NFAT and AP-1
in PGE2-mediated T cell suppression in burn injury. Shock 18(3):212–216
DOI 10.1097/00024382-200209000-00002.

Deveci M, Sengezer M, Bozkurt M, Eski M, Inal A. 2000. Comparison of lymphocyte populations
in cutaneous and electrical burn patients: a clinical study. Burns : Journal of the International
Society for Burn Injuries 26(3):229–232 DOI 10.1016/S0305-4179(99)00124-2.

El‐Said H, Fayyad‐Kazan M, Aoun R, Borghol N, SkafiN, Rouas R, Vanhamme L, Mourtada M,
Ezzeddine M, Burny A, Fayyad‐Kazan H, Badran B. 2019. MiR302c, Sp1, and NFATc2
regulate interleukin-21 expression in human CD4+CD45RO+ T lymphocytes. Journal of
Cellular Physiology 234(5):5998–6011 DOI 10.1002/jcp.27151.

Fang X, Duan S-F, Gong Y-Z, Wang F, Chen X-L. 2020. Identification of key genes associated
with changes in the host response to severe burn shock: a bioinformatics analysis with data from
the gene expression omnibus (GEO) Database. Journal of Inflammation Research 13:1029–1041
DOI 10.2147/JIR.S282722.

Gao Y, Nai W, Yang L, Lu Z, Shi P, Jin H, Wen H, Wang G. 2016. Construction of an
immunorelated protein-protein interaction network for clarifying the mechanism of burn. Burns
: Journal of the International Society for Burn Injuries 42(2):405–413
DOI 10.1016/j.burns.2015.06.015.

Wang et al. (2022), PeerJ, DOI 10.7717/peerj.12680 27/31

http://dx.doi.org/10.7717/peerj.12680#supplemental-information
http://dx.doi.org/10.7717/peerj.12680#supplemental-information
http://dx.doi.org/10.7717/peerj.12680#supplemental-information
http://dx.doi.org/10.3389/fimmu.2019.02144
http://dx.doi.org/10.1128/mcb.22.1.23-29.2002
http://dx.doi.org/10.1016/j.jaci.2014.11.001
http://dx.doi.org/10.3389/fimmu.2020.00876
https://www.who.int/news-room/fact-sheets/detail/burns
https://www.who.int/news-room/fact-sheets/detail/burns
http://dx.doi.org/10.3389/fcell.2020.00688
http://dx.doi.org/10.1097/00024382-200209000-00002
http://dx.doi.org/10.1016/S0305-4179(99)00124-2
http://dx.doi.org/10.1002/jcp.27151
http://dx.doi.org/10.2147/JIR.S282722
http://dx.doi.org/10.1016/j.burns.2015.06.015
http://dx.doi.org/10.7717/peerj.12680
https://peerj.com/


Gomez-Rodriguez J, Sahu N, Handon R, Davidson TS, Anderson SM, Kirby MR, August A,
Schwartzberg PL. 2009. Differential expression of interleukin-17A and -17F is coupled to T cell
receptor signaling via inducible T cell kinase. Immunity 31(4):587–597
DOI 10.1016/j.immuni.2009.07.009.

Grimes L, Doyle A, Miller AL, Pyles RB, Olah G, Szabo C, Hoskins S, Eaves-Pyles T. 2016.
Intraluminal flagellin differentially contributes to gut dysbiosis and systemic inflammation
following burn injury. PLOS ONE 11(12):e0166770 DOI 10.1371/journal.pone.0166770.

Gurram RK, Zhu J. 2019. Orchestration between ILC2s and Th2 cells in shaping type 2 immune
responses. Cellular & Molecular Immunology 16(3):225–235 DOI 10.1038/s41423-019-0210-8.

Hampson P, Dinsdale RJ, Wearn CM, Bamford AL, Bishop JRB, Hazeldine J, Moiemen NS,
Harrison P, Lord JM. 2017.Neutrophil dysfunction, immature granulocytes, and cell-free DNA
are early biomarkers of sepsis in burn-injured patients: a prospective observational cohort study.
Annals of Surgery 265(6):1241–1249 DOI 10.1097/SLA.0000000000001807.

Hanissian SH, Frangakis M, Bland MM, Jawahar S, Chatila TA. 1993. Expression of a Ca2+/
calmodulin-dependent protein kinase, CaM kinase-Gr, in human T lymphocytes. Regulation of
kinase activity by T cell receptor signaling. The Journal of Biological Chemistry
268(27):20055–20063.

Hook SS, Means AR. 2001. Ca(2+)/CaM-dependent kinases: from activation to function. Annual
Review of Pharmacology and Toxicology 41:471–505 DOI 10.1146/annurev.pharmtox.41.1.471.

Hu P, Yang Q, Wang Q, Shi C, Wang D, Armato U, Prà ID, Chiarini A. 2019. Mesenchymal
stromal cells-exosomes: a promising cell-free therapeutic tool for wound healing and cutaneous
regeneration. Burns & Trauma 7:38 DOI 10.1186/s41038-019-0178-8.

Hunt JP, Hunter CT, Brownstein MR, Giannopoulos A, Hultman CS, deSerres S, Bracey L,
Frelinger J, Meyer AA. 1998. The effector component of the cytotoxic T-lymphocyte response
has a biphasic pattern after burn injury. The Journal of Surgical Research 80(2):243–251
DOI 10.1006/jsre.1998.5488.

Hur J, Yang HT, Chun W, Kim J-H, Shin S-H, Kang HJ, Kim HS. 2015. Inflammatory cytokines
and their prognostic ability in cases of major burn injury. Annals of Laboratory Medicine
35(1):105–110 DOI 10.3343/alm.2015.35.1.105.

Jeschke MG, van Baar ME, Choudhry MA, Chung KK, Gibran NS, Logsetty S. 2020. Burn injury.
Nature Reviews Disease Primers 6(1):11 DOI 10.1038/s41572-020-0145-5.

Kaminuma O, Kitamura N, Mori A, Tatsumi H, Nemoto S, Hiroi T. 2012. NFAT1 and NFAT2
differentially regulate IL-17A expression in human T cells. International Archives of Allergy and
Immunology 158(Suppl 1):30–34 DOI 10.1159/000337757.

Ke J, Bian X, Liu H, Li B, Huo R. 2019. Edaravone reduces oxidative stress and intestinal cell
apoptosis after burn through up-regulating miR-320 expression. Molecular Medicine 25(1):54
DOI 10.1186/s10020-019-0122-1.

Kim HP, Leonard WJ. 2007. CREB/ATF-dependent T cell receptor-induced FoxP3 gene
expression: a role for DNA methylation. The Journal of Experimental Medicine
204(7):1543–1551 DOI 10.1084/jem.20070109.

Kinoshita M, Miyazaki H, Ono S, Inatsu A, Nakashima H, Tsujimoto H, Shinomiya N,
Saitoh D, Seki S, Weiser JN. 2011. Enhancement of neutrophil function by interleukin-18
therapy protects burn-injured mice from methicillin-resistant Staphylococcus aureus. Infection
and Immunity 79(7):2670–2680 DOI 10.1128/IAI.01298-10.

Kinoshita M, Miyazaki H, Ono S, Seki S. 2013. Immunoenhancing therapy with interleukin-18
against bacterial infection in immunocompromised hosts after severe surgical stress. Journal of
Leukocyte Biology 93(5):689–698 DOI 10.1189/jlb.1012502.

Wang et al. (2022), PeerJ, DOI 10.7717/peerj.12680 28/31

http://dx.doi.org/10.1016/j.immuni.2009.07.009
http://dx.doi.org/10.1371/journal.pone.0166770
http://dx.doi.org/10.1038/s41423-019-0210-8
http://dx.doi.org/10.1097/SLA.0000000000001807
http://dx.doi.org/10.1146/annurev.pharmtox.41.1.471
http://dx.doi.org/10.1186/s41038-019-0178-8
http://dx.doi.org/10.1006/jsre.1998.5488
http://dx.doi.org/10.3343/alm.2015.35.1.105
http://dx.doi.org/10.1038/s41572-020-0145-5
http://dx.doi.org/10.1159/000337757
http://dx.doi.org/10.1186/s10020-019-0122-1
http://dx.doi.org/10.1084/jem.20070109
http://dx.doi.org/10.1128/IAI.01298-10
http://dx.doi.org/10.1189/jlb.1012502
http://dx.doi.org/10.7717/peerj.12680
https://peerj.com/


Koga T, Hedrich CM, Mizui M, Yoshida N, Otomo K, Lieberman LA, Rauen T, Crispín JC,
Tsokos GC. 2014. CaMK4-dependent activation of AKT/mTOR and CREM-a underlies
autoimmunity-associated Th17 imbalance. The Journal of Clinical Investigation
124(5):2234–2245 DOI 10.1172/jci73411.

Koga T, Ichinose K, Mizui M, Crispín JC, Tsokos GC. 2012. Calcium/calmodulin-dependent
protein kinase IV suppresses IL-2 production and regulatory T cell activity in lupus. Journal of
Immunology 189(7):3490–3496 DOI 10.4049/jimmunol.1201785.

Koga T, Kawakami A. 2018. The role of CaMK4 in immune responses. Modern Rheumatology
28(2):211–214 DOI 10.1080/14397595.2017.1413964.

Koga T, Mizui M, Yoshida N, Otomo K, Lieberman LA, Crispín Jé C, Tsokos GC. 2014. KN-93,
an inhibitor of calcium/calmodulin-dependent protein kinase IV, promotes generation and
function of Foxp3+ regulatory T cells in MRL/lpr mice. Autoimmunity 47(7):445–450
DOI 10.3109/08916934.2014.915954.

Kraft R, Herndon DN, Al-Mousawi AM, Williams FN, Finnerty CC, Jeschke MG. 2012. Burn
size and survival probability in paediatric patients in modern burn care: a prospective
observational cohort study. Lancet 379(9820):1013–1021 DOI 10.1016/S0140-6736(11)61345-7.

Lachiewicz AM, Hauck CG, Weber DJ, Cairns BA, van Duin D. 2017. Bacterial infections after
burn injuries: impact of multidrug resistance. Clinical Infectious Diseases : An Official
Publication of the Infectious Diseases Society of America 65(12):2130–2136
DOI 10.1093/cid/cix682.

Li X, Liu L, Yang J, Yu Y, Chai J, Wang L, Ma L, Yin H. 2016. Exosome derived from human
umbilical cord mesenchymal stem cell mediates MiR-181c attenuating burn-induced excessive
inflammation. EBioMedicine 8(Suppl. 12):72–82 DOI 10.1016/j.ebiom.2016.04.030.

Li Z, Wang Q, Yu H, Zou K, Xi Y, MiW, Ma Y. 2016. Screening of key genes in severe burn injury
at different stages via analyzing gene expression data. Journal of Burn Care & Research : Official
Publication of the American Burn Association 37(3):e254–e262
DOI 10.1097/BCR.0000000000000179.

Li X, Wen D, Li X, Yao C, Chong W, Chen H. 2020. Identification of an immune signature
predicting prognosis risk and lymphocyte infiltration in colon cancer. Frontiers in Immunology
11:1678 DOI 10.3389/fimmu.2020.01678.

Luo G, Peng D, Zheng J, Chen X, Wu J, Elster E, Tadaki D. 2005. The role of NO in macrophage
dysfunction at early stage after burn injury. Burns : Journal of the International Society for Burn
Injuries 31(2):138–144 DOI 10.1016/j.burns.2004.09.009.

MacConmara MP, Tajima G, O’Leary F, Delisle AJ, McKenna AM, Stallwood CG, Mannick JA,
Lederer JA. 2011. Regulatory T cells suppress antigen-driven CD4 T cell reactivity following
injury. Journal of Leukocyte Biology 89(1):137–147 DOI 10.1189/jlb.0210082.

Mehta DS, Wurster AL, Weinmann AS, Grusby MJ. 2005. NFATc2 and T-bet contribute to
T-helper-cell-subset-specific regulation of IL-21 expression. Proceedings of the National
Academy of Sciences of the United States of America 102(6):2016–2021
DOI 10.1073/pnas.0409512102.

Mofazzal Jahromi MA, Sahandi Zangabad P, Moosavi Basri SM, Sahandi Zangabad K,
Ghamarypour A, Aref AR, Karimi M, Hamblin MR. 2018. Nanomedicine and advanced
technologies for burns: preventing infection and facilitating wound healing. Advanced Drug
Delivery Reviews 123(5):33–64 DOI 10.1016/j.addr.2017.08.001.

Mori MA, Ludwig RG, Garcia-Martin R, Brandão BB, Kahn CR. 2019. Extracellular miRNAs:
from biomarkers to mediators of physiology and disease. Cell Metabolism 30(4):656–673
DOI 10.1016/j.cmet.2019.07.011.

Wang et al. (2022), PeerJ, DOI 10.7717/peerj.12680 29/31

http://dx.doi.org/10.1172/jci73411
http://dx.doi.org/10.4049/jimmunol.1201785
http://dx.doi.org/10.1080/14397595.2017.1413964
http://dx.doi.org/10.3109/08916934.2014.915954
http://dx.doi.org/10.1016/S0140-6736(11)61345-7
http://dx.doi.org/10.1093/cid/cix682
http://dx.doi.org/10.1016/j.ebiom.2016.04.030
http://dx.doi.org/10.1097/BCR.0000000000000179
http://dx.doi.org/10.3389/fimmu.2020.01678
http://dx.doi.org/10.1016/j.burns.2004.09.009
http://dx.doi.org/10.1189/jlb.0210082
http://dx.doi.org/10.1073/pnas.0409512102
http://dx.doi.org/10.1016/j.addr.2017.08.001
http://dx.doi.org/10.1016/j.cmet.2019.07.011
http://dx.doi.org/10.7717/peerj.12680
https://peerj.com/


Morris NL, Hammer AM, Cannon AR, Gagnon RC, Li X, Choudhry MA. 2017.Dysregulation of
microRNA biogenesis in the small intestine after ethanol and burn injury. Biochimica et
Biophysica Acta Molecular Basis of Disease 1863(10 Pt B):2645–2653
DOI 10.1016/j.bbadis.2017.03.025.

Newman AM, Liu CL, Green MR, Gentles AJ, Feng W, Xu Y, Hoang CD, Diehn M,
Alizadeh AA. 2015. Robust enumeration of cell subsets from tissue expression profiles. Nature
Methods 12(5):453–457 DOI 10.1038/nmeth.3337.

Osuka A, Ishihara T, Shimizu K, Shintani A, Ogura H, Ueyama M. 2019. Natural kinetics of
blood cells following major burn: Impact of early decreases in white blood cells and platelets as
prognostic markers of mortality. Burns: Journal of the International Society for Burn Injuries
45(8):1901–1907 DOI 10.1016/j.burns.2019.07.014.

O’Sullivan ST, Lederer JA, Horgan AF, Chin DHL, Mannick JA, Rodrick ML. 1995. Major
injury leads to predominance of the T helper-2 lymphocyte phenotype and diminished
interleukin-12 production associated with decreased resistance to infection. Annals of surgery
222(4):482–490 DOI 10.1097/00000658-199522240-00006.

Park H, Li Z, Yang XO, Chang SH, Nurieva R, Wang Y-H, Wang Y, Hood L, Zhu Z, Tian Q,
Dong C. 2005. A distinct lineage of CD4 T cells regulates tissue inflammation by producing
interleukin 17. Nature Immunology 6(11):1133–1141 DOI 10.1038/ni1261.

Patenaude J, D’Elia M, Hamelin C, Garrel D, Bernier J. 2005. Burn injury induces a change in T
cell homeostasis affecting preferentially CD4+ T cells. Journal of Leukocyte Biology
77(2):141–150 DOI 10.1189/jlb.0703314.

Prasad A, Thode HC Jr, Singer AJ. 2020. Predictive value of quick SOFA and revised Baux scores
in burn patients. Burns: Journal of the International Society for Burn Injuries 46(2):347–351
DOI 10.1016/j.burns.2019.03.006.

Rathod S, Ramsey M, Finkelman FD, Fernandez CA. 2020. Genetic inhibition of NFATC2
attenuates asparaginase hypersensitivity in mice. Blood Advances 4(18):4406–4416
DOI 10.1182/bloodadvances.2020002478.

Rendon JL, Choudhry MA. 2012. Th17 cells: critical mediators of host responses to burn injury
and sepsis. Journal of Leukocyte Biology 92(3):529–538 DOI 10.1189/jlb.0212083.

Rong HT, Liu DW. 2020. Identification of differentially expressed miRNAs associated with
thermal injury in epidermal stem cells based on RNA-sequencing. Experimental and Therapeutic
Medicine 19(3):2218–2228 DOI 10.3892/etm.2020.8448.

Samonte VA, Goto M, Ravindranath TM, Fazal N, Holloway VM, Goyal A, Gamelli RL,
Sayeed MM. 2004. Exacerbation of intestinal permeability in rats after a two-hit injury: burn
and Enterococcus faecalis infection. Critical Care Medicine 32(11):2267–2273
DOI 10.1097/01.CCM.0000145579.66001.05.

Sato K, Suematsu A, Nakashima T, Takemoto-Kimura S, Aoki K, Morishita Y, Asahara H,
Ohya K, Yamaguchi A, Takai T, Kodama T, Chatila TA, Bito H, Takayanagi H. 2006.
Regulation of osteoclast differentiation and function by the CaMK-CREB pathway. Nature
Medicine 12(12):1410–1416 DOI 10.1038/nm1515.

Schwacha MG. 2003. Macrophages and post-burn immune dysfunction. Burns : Journal of the
International Society for Burn Injuries 29(1):1–14 DOI 10.1016/S0305-4179(02)00187-0.

Shevach EM. 2009. Mechanisms of foxp3+ T regulatory cell-mediated suppression. Immunity
30(5):636–645 DOI 10.1016/j.immuni.2009.04.010.

Shevach EM, Thornton AM. 2014. tTregs, pTregs, and iTregs: similarities and differences.
Immunological Reviews 259(1):88–102 DOI 10.1111/imr.12160.

Wang et al. (2022), PeerJ, DOI 10.7717/peerj.12680 30/31

http://dx.doi.org/10.1016/j.bbadis.2017.03.025
http://dx.doi.org/10.1038/nmeth.3337
http://dx.doi.org/10.1016/j.burns.2019.07.014
http://dx.doi.org/10.1097/00000658-199522240-00006
http://dx.doi.org/10.1038/ni1261
http://dx.doi.org/10.1189/jlb.0703314
http://dx.doi.org/10.1016/j.burns.2019.03.006
http://dx.doi.org/10.1182/bloodadvances.2020002478
http://dx.doi.org/10.1189/jlb.0212083
http://dx.doi.org/10.3892/etm.2020.8448
http://dx.doi.org/10.1097/01.CCM.0000145579.66001.05
http://dx.doi.org/10.1038/nm1515
http://dx.doi.org/10.1016/S0305-4179(02)00187-0
http://dx.doi.org/10.1016/j.immuni.2009.04.010
http://dx.doi.org/10.1111/imr.12160
https://peerj.com/
http://dx.doi.org/10.7717/peerj.12680


Toliver-Kinsky TE, Lin CY, Herndon DN, Sherwood ER. 2003. Stimulation of hematopoiesis by
the Fms-like tyrosine kinase 3 ligand restores bacterial induction of Th1 cytokines in thermally
injured mice. Infection and Immunity 71(6):3058–3067 DOI 10.1128/IAI.71.6.3058-3067.2003.

Tschöp J, Martignoni Aé, Reid MD, Adediran SG, Gardner J, Noel GJ, Ogle CK, Neely AN,
Caldwell CC. 2009. Differential immunological phenotypes are exhibited after scald and flame
burns. Shock 31(2):157–163 DOI 10.1097/SHK.0b013e31817fbf4d.

Valvis SM, Waithman J, Wood FM, Fear MW, Fear VS. 2015. The immune response to skin
trauma is dependent on the etiology of injury in a mouse model of burn and excision. The
Journal of Investigative Dermatology 135(8):2119–2128 DOI 10.1038/jid.2015.123.

Vinaik R, Barayan D, Shahrokhi S, Jeschke MG. 2019. Management and prevention of drug
resistant infections in burn patients. Expert Review of Anti-Infective Therapy 17(8):607–619
DOI 10.1080/14787210.2019.1648208.

von Müller C, Bulman F, Wagner L, Rosenberger D, Marolda A, Kurzai O, Eißmann P,
Jacobsen ID, Perner B, Hemmerich P, Vylkova S. 2020. Active neutrophil responses
counteract Candida albicans burn wound infection of ex vivo human skin explants. Scientific
Reports 10(1):21818 DOI 10.1038/s41598-020-78387-y.

Williams FN, Herndon DN, Hawkins HK, Lee JO, Cox RA, Kulp GA, Finnerty CC, Chinkes DL,
Jeschke MG. 2009. The leading causes of death after burn injury in a single pediatric burn
center. Critical Care 13(6):R183 DOI 10.1186/cc8170.

Wu Y, Borde M, Heissmeyer V, Feuerer M, Lapan AD, Stroud JC, Bates DL, Guo L, Han A,
Ziegler SF, Mathis D, Benoist C, Chen L, Rao A. 2006. FOXP3 controls regulatory T cell
function through cooperation with NFAT. Cell 126(2):375–387 DOI 10.1016/j.cell.2006.05.042.

Yang XO, Pappu BP, Nurieva R, Akimzhanov A, Kang HS, Chung Y, Ma L, Shah B,
Panopoulos AD, Schluns KS, Watowich SS, Tian Q, Jetten AM, Dong C. 2008. T helper 17
lineage differentiation is programmed by orphan nuclear receptors ROR alpha and ROR gamma.
Immunity 28(1):29–39 DOI 10.1016/j.immuni.2007.11.016.

Yu CT, Shih HM, Lai MZ. 2001. Multiple signals required for cyclic AMP-responsive element
binding protein (CREB) binding protein interaction induced by CD3/CD28 costimulation.
Journal of Immunology 166(1):284–292 DOI 10.4049/jimmunol.166.1.284.

Zhan C‐S, Chen J, Chen J, Zhang L‐G, Liu Y, Du H‐X, Wang H, Zheng M‐J, Yu Z‐Q, Chen X‐G,
Zhang L, Liang C‐Z. 2020. CaMK4-dependent phosphorylation of Akt/mTOR underlies Th17
excessive activation in experimental autoimmune prostatitis. FASEB Journal : Official
Publication of the Federation of American Societies for Experimental Biology
34(10):14006–14023 DOI 10.1096/fj.201902910RRR.

Zhang ZJ, Ding LT, Zou J, Lyu GZ. 2018. Changes of helper T lymphocytes 17 and regulatory T
lymphocytes in peripheral blood of patients with extensive burn at early stage in August 2nd
Kunshan factory aluminum dust explosion accident and the significance. Zhonghua Shao Shang
Za Zhi = Zhonghua Shaoshang Zazhi = Chinese Journal of Burns 34(6):360–364
DOI 10.3760/cma.j.issn.1009-2587.2018.06.009.

Zhang F, Qiu X-C, Wang J-J, Hong X-D, Wang G-Y, Xia Z-F. 2017. Burn-related dysregulation
of inflammation and immunity in experimental and clinical studies. Journal of Burn Care &
Research : Official Publication of the American Burn Association 38(6):e892–e899
DOI 10.1097/BCR.0000000000000511.

Wang et al. (2022), PeerJ, DOI 10.7717/peerj.12680 31/31

http://dx.doi.org/10.1128/IAI.71.6.3058-3067.2003
http://dx.doi.org/10.1097/SHK.0b013e31817fbf4d
http://dx.doi.org/10.1038/jid.2015.123
http://dx.doi.org/10.1080/14787210.2019.1648208
http://dx.doi.org/10.1038/s41598-020-78387-y
http://dx.doi.org/10.1186/cc8170
http://dx.doi.org/10.1016/j.cell.2006.05.042
http://dx.doi.org/10.1016/j.immuni.2007.11.016
http://dx.doi.org/10.4049/jimmunol.166.1.284
http://dx.doi.org/10.1096/fj.201902910RRR
http://dx.doi.org/10.3760/cma.j.issn.1009-2587.2018.06.009
http://dx.doi.org/10.1097/BCR.0000000000000511
https://peerj.com/
http://dx.doi.org/10.7717/peerj.12680

	Identifying changes in immune cells and constructing prognostic models using immune-related genes in post-burn immunosuppression ...
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Abbreviations
	flink7
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


