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Abstract. In Taiwan, the use of radiocontrast medium for 
clinical image diagnosis recently surpassed one million 
times and the overall prevalence of radiocontrast hypersen‑
sitivity was ~7%. A microRNA (miRNA/miRs) is a small 
non‑coding RNA molecule that mostly plays a suppressor 
role in cells. However, the roles of miRNA expression in 
radiocontrast‑induced mast cells activation remains to be 
elucidated. The aim of the present study was to investigate the 
role of miRNA on radiocontrast‑induced mast cell activation. 
Computed tomography radiocontrast, ultravist and mouse mast 
cell line, P815, were used in the present study. Cell viability 
was detected by CCK‑8 experiment. Levels of histamine 
and β‑hexosaminidase were measured by ELISA. miRNA 
expression was detected by miRNA sequencing and reverse 
transcription‑quantitative PCR. The results showed that ultra‑
vist could increase histamine release and reduce intracellular 
β‑hexosaminidase levels of mast cells. A total of 102 miRNAs 

could be significantly upregulated by ultravist stimulation. 
Selected candidate miRNAs for the validation included 
miR‑19a‑3p and miR‑362‑3p which were also increased 
expression following stimulation with ultravist. In conclusion, 
ultravist could induce mast cell activation through upregula‑
tion of miR‑19a‑3p and miR‑362‑3p. Thus, miR‑19a‑3p and 
miR‑362‑3p could be promising candidates for development 
as novel targets for preventing radiocontrast‑induced allergy 
in the future.

Introduction

The development of imaging medicine has seen a steady 
increase in the use of computerized tomography (CT) tech‑
nology in the diagnosis of diseases. The application of CT 
technology requires the use of contrast medium to enhance 
image quality and output (1). The most commonly used contrast 
medium in clinical practice is iodinated contrast medium. 
Although iodinated contrast medium provides a clear image 
of the body, adverse effects following use of this agent have 
been reported (2). The most common adverse effect was type I 
hypersensitivity caused by iodinated contrast medium‑induced 
mast cell activation and histamine release (3). Type I hyper‑
sensitivity is often triggered by allergen‑specific IgE‑mediated 
immune cell activation, such as mast cell and basophil (4). 
When mast cells or basophils have been activated, they 
release histamine and other mediators to cause inflammatory 
responses such as itching, urticaria and skin rash, and anaphy‑
laxis in severe cases (5). This allergic reaction is regulated 
by the FcεRI downstream signaling pathway (6). Allergens 
are recognized by the IgE Fab site and signal transduction is 
initiated, which first involves activation of tyrosine kinase, 
providing a docking site for syk kinase. After syk kinase is 
phosphorylated, downstream adaptors, such as LAT1 and 
Grb2, are subsequently phosphorylated by syk kinase, leading 
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to type I hypersensitivity (7). As well as cell membrane‑local‑
ized signal transduction, intracellular signaling pathways, such 
as PI3K, ERK, JNK, and Akt play a role in histamine release 
and expression of proinflammatory cytokines by mast cells (8).

In recent years, microRNAs (miRNAs/miRs) have been 
reported to play an important role in mast cell activation (9). 
miRNAs are short, single‑stranded RNAs consisting of only 
19‑25 nucleotides, which can bind to target RNA and serve 
as a negative or positive regulator. For example, when mast 
cells have been activated, intracellular signal pathways are 
activated, leading to the release of proinflammatory cytokines 
and histamines and miR126 has been demonstrated to increase 
the degranulation of mast cells by enhancing PI3K, Akt, and 
Ca++ influx (10). miR 302e can reduce mast cell activation by 
binding to the 3'‑UTR of RelA mRNA (11). However, the role 
of miRNA in contrast‑medium‑induced mast cell activation 
remains unclear and needs further clarification.

The present study aimed to investigate the expression 
of miRNA in mast cells following stimulation with contrast 
medium in clinical practice. The results showed that miR 
19a‑3p and miR 362‑3p were associated with contrast 
medium‑induced mast cell activation and histamine release.

Materials and methods

Cell culture. The mouse mast cell cell line, P815 (Elabscience 
Biotechnology, Inc.), was cultured in RPMI1640 medium 
(Gibco; Thermo Fisher Scientific, Inc.) supplemented with 
10% FBS (Cytiva) and 1% penicillin and streptomycin (Gibco; 
Thermo Fisher Scientific, Inc.) at 37˚C incubator with 5% CO2.

Cell viability. P815 cells were incubated at 37˚C with different 
doses of ultravist (Bayer AG) for 24 h and cell viability was 
measured by Cell Counting Kit 8 (MilliporeSigma) according 
to the manufacturer's protocol. Cells were seeded in 96‑well 
culture plates at a density of 1x104 cells per well for 24 h 
and then incubated with different concentrations of ultravist 
for 24 h. Then, 10 µl of CCK‑8 solution was added to each 
well and incubated for 1 h at 37˚C. Absorbance was measured 
at 450 nm by a multi‑well plate reader (Sunrise; Tecan Group 
Ltd.).

β‑hexosaminidase measurement. P815 cells were incubated 
at 37˚C with different doses of ultravist (Bayer AG) for 24 h 
and cells were lysed by RIPA buffer. Cell lysates were centri‑
fuged at 12,902 x g for 10 min at 4˚C and supernatant was 
collected for measuring the level of β‑hexosaminidase. Briefly, 
the concentration of β‑hexosaminidase was detected by the 
sandwich ELISA method according to the manufacturer's 
protocol (Fine Test; Wuhan Fine Biotech Co., Ltd.). Optical 
density at 450 nm was detected by ELISA reader (Sunrise; 
Tecan Group Ltd.).

Histamine measurement. P815 cells were incubated at 37˚C 
with different doses of ultravist (Bayer AG) for 24 h and 
culture supernatant was centrifuged at 193 x g for 5 min at 4˚C 
to remove cells and then the concentration of histamine was 
measured. All procedures of histamine measurement were 
conducted according to the manufacturer's protocol (Abcam) 
Briefly, samples were incubated on an antibody‑coated ELISA 

plate for 1 h at room temperature. The plate was washed 3 
times and incubated with HRP‑conjugated detection antibody 
for 30 min at room temperature. The ELISA plate was washed 
3 times and incubated with TMB substrate for 30 min at room 
temperature. H2SO4 was used to stop the reaction and optical 
density at 450 nm was detected by an ELISA reader (Sunrise; 
Tecan Group Ltd.).

RNA extraction, library preparation and sequencing. P815 
cells were stimulated with ultravist (Bayer AG) at 37˚C for 
24 h and total RNA was extracted using a Genezol TriRNA 
pure kit (Geneaid Biotech Ltd.) according to the manufac‑
turer's protocol. A total of 100 ng total RNA was used as input 
material for the small RNA sample preparations. Sequencing 
libraries were generated using QIAseq® miRNA Library Kit 
(Qiagen GmbH) following the manufacturer's recommenda‑
tions. Briefly, 3' and 5' adaptors were directly and specifically 
ligated to the 3' and 5' ends of small RNA, respectively. Then 
first‑strand cDNA was synthesized using QIAseq miRNA 
NGS RT Enzyme and RT primer (Qiagen GmbH). After PCR 
amplification, the library was size‑selected with 170‑200 bp 
by QIAseq beads. The quality of purified libraries was 
assessed on the Qsep400 system (Qiagen GmbH). The quali‑
fied libraries were then sequenced on Illumina NovaSeq 6000 
platform (Illumina, Inc.) with trimmed 75 bp single‑end reads 
generated by Genomics, BioSci & Tech Co., Ltd.

Bioinformatics analysis. The adapter sequences in raw 
sequenced data were removed using TrimGalorev0.6.6 
(https://github.com/FelixKrueger/TrimGalore) and mapped to 
reference genome, mature and hairpin miRNAs (12) (miRBase 
v.22.1) with Bowtie (13) (v1.3.0) to obtain proper miRNA 
reads. After the alignment step, bam files were processed using 
samtools (14) (v1.12) and the expression profile of miRNAs 
was calculated and normalized using edgeR (15) (v3.26.5). All 
of the differentially expressed miRNAs (DEmiRNAs) were 
identified using DEGSeq (16) (v1.48.0) and used for target 
prediction with three different tools, miRanda (17), Targets 
can (18), and PITA (19). The functional enrichment analysis 
of Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathways among DEmiRNA targets predicted by all three 
tools was implemented in an R package called clusterPro‑
filer (20) (v3.14.0). The miRNAs of interest were analyzed 
using mirPATHDB 2.0 to identify significant pathways. 
Subsequently, the identified KEGG pathways were visualized 
using Pathview (21). For the intersection analysis, mirNET 
2.0 (22) was used to input the two miRNAs and to identify 
the intersecting target genes common to both. The mirNET 
network analysis feature was then utilized to construct a 
network diagram representing these connections.

miRNA extraction and reverse transcription‑quantitative 
(RT‑q) PCR. A total of 2.5 x105 P815 cells were stimulated 
with ultravist (Bayer AG) at 37˚C for 24 h and miRNA 
was extracted from cells using the miTotal RNA extraction 
miniprep system, according to the manufacturer's protocol 
(Viogene‑Biotek Corporation). The complementary DNA 
(cDNA) transcripts were amplified using miScript II RT Kit 
(Qiagen GmbH) according to the manufacturer's protocol. 
qPCR was performed using a TopQ miRNA probe qPCR assay 
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kit (Topgen Biotechnology Co., Ltd.) according to the manu‑
facturer's protocol and detected by StepOne plus (Thermo 
Fisher Scientific, Inc.). The method of quantification was used 
the 2(‑Delta Delta C(T)) method (23). The thermocycling 
conditions of qPCR was initiation at 95˚C for 1 min, followed 
by 40 cycles at 95˚C for 3 sec and 60˚C for 40 sec. The primer 
and probe sequences of miR‑362‑3p and miR‑19a‑3p are 
shown in Table I. U6 was used as the internal control and for 
normalization. The experiments were replicated three times.

Statistical analysis. Data obtained from cell viability, level of 
histamine, β‑hexosaminidase, and miR‑362‑3p, miR‑19a‑3p 
expression were analyzed by one‑way ANOVA, followed by 
Tukey's post hoc test, and analyses were performed using 
GraphPad Prism 6 (GraphPad; Dotmatics). The results are 
presented as the mean ± SEM. P<0.05 was considered to indi‑
cate a statistically significant difference.

Results

Contrast medium could induce mast cell activation. The cyto‑
toxicity of ultravist was detected to determine the experimental 
condition for the following experiments. P815 cells were incu‑
bated with different doses of ultravist for 24 h and cell viability 
was measured by CCK‑8 test. The results showed that over 
150 mg/ml of ultravist could induce cell death (Fig. 1). Next, 
P815 cells were stimulated with 25, 50 and 100 mg/ml ultravist 
for 24 h and the level of histamine in the supernatant and intra‑
cellular β‑hexosaminidase concentration detected. The results 
showed that histamine levels were increased dose‑dependently 
with ultravist concentration. To further investigate how 
Ultravist regulated the response of mast cells, the concentration 
of intracellular β‑hexosaminidase was measured. The result 
showed that expression of intracellular β‑hexosaminidase was 
decreased in a dose‑dependent manner with increasing ultravist 
concentrations (Fig. 2). These results indicated ultravist could 
induce mast cell activation and histamine release.

miRNA plays a role in mast cell activation induced by contrast 
medium through the regulation of the mTOR signaling pathway. 

In the present study, 50 mg/ml of ultravist was identified as a 
threshold concentration capable of activating mast cells without 
inducing cytotoxicity. Then, miRNA sequencing was employed 
to examine changes in miRNA expression following stimula‑
tion with 50 mg/ml of ultravist for 24 h. The miRNA expression 
profile was analyzed and the analysis revealed a total of 20 
miRNAs that were differentially upregulated or downregulated 
(Fig. 3). This result suggested that contrast medium‑induced 
mast cell activation might be associated with miRNA modu‑
lation. For further investigation into the correlation between 
miRNA expression and mast cell activation induced by contrast 
medium, the present study focused on the mTOR signaling 
pathway. The mTOR signaling pathway plays a pivotal role 
in mast cell activation. In the analysis of P815 cell samples, 
two miRNAs were identified, miR‑19a‑3p and miR‑362‑3p, 
that were upregulated upon stimulation with contrast medium 
and associated with the activation of the mTOR signaling 
pathway. The examination of miRNA expression data revealed 
a significant upregulation of several key components within 
this pathway, including mTOR, AMP‑activated protein kinase, 
PTEN and protein kinase C, as indicated on the KEGG pathway 

Table I. Primer and probe sequence of miR‑362‑3p, miR‑19a‑3p and U6.

Gene Sequences

miR‑362‑3p 
  Forward primer sequence CGCGAACACACCTGTTCAAG
  Reverse primer sequence AGTGCAGGGTCCGAGGTATT
  Probe sequence ACGACTGAATCCTTG
miR‑19a‑3p 
  Forward primer sequence GCGTGTGCAAATCTATGCAA
  Reverse primer sequence AGTGCAGGGTCCGAGGTATT
  Probe sequence ACGACTCAGTTTTGC
U6 
  Forward primer sequence CTCGCTTCGGCAGCACATAT
  Reverse primer sequence ATGGAACGCTTCACGAATTTG
  Probe sequence ACGATACAGAGAAGAT

Figure 1. Cytotoxicity of ultravist in P815 cells. P815 cells were incubated 
with different doses of ultravist for 24 h and cell viability was measured by 
the CCK‑8 test. *P<0.05 vs. control.
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map (Fig. 4A and B). These changes suggested an enhancement 
of mTOR activity in samples stimulated with contrast medium 
compared with the control group.

Validating expression of miR‑19a‑3p and miR‑362‑3p 
following contrast medium stimulation. In recent 
years, miR‑19a has been reported to be associated with 
allergy‑related cytokine expression (24) and the role of 

miR‑362‑3p in mast cell activation remains unclear. Therefore, 
these two miRNAs were selected to further validate the effect 
of contrast medium‑induced miRNA overexpression. The 
results showed that after stimulating with different doses of 
ultravist for 24 h, statistical analysis confirmed a significant 
dose‑dependent increase in the expressions of miR‑19a‑3p and 
miR‑362‑3p with increasing doses of ultravist (P<0.05; Fig. 5). 
The present study further analyzed the role of miR‑19a‑3p 

Figure 2. Mast cells could be activated by ultravist stimulation. P815 cells were stimulated with ultravist for 24 h; (A) histamine and (B) β‑hexosaminidase 
were measured by ELISA. *P<0.05, **P<0.01.

Figure 3. miRNA expression profile of ultravist‑stimulated mast cells. P815 cells were treated with 50 mg/ml ultravist for 24 h. miRNA from the control and 
ultravist treatment groups was extracted and analyzed by miRNA array. miRNA/miR, microRNA.



BIOMEDICAL REPORTS  20:  93,  2024 5

and miR‑362‑3p by KEGG analysis. In its comprehensive 
analysis of miRNA‑mediated regulation in mast cell activa‑
tion, the present study focused on the co‑regulatory effects 
of miR‑362‑3p and miR‑19a‑3p. The network graph in Fig. 6 
illustrates the complex interaction landscape, with miR‑362‑3p 
and miR‑19a‑3p at the center of the network. Through the 
bioinformatic analysis, a subset of genes that are potentially 
co‑regulated by both miR‑362‑3p and miR‑19a‑3p were 
identified. Notably, genes such as Atxn1, Akap2, and Uba2pl 
emerged as significant targets, indicated by their direct links 
in the network (highlighted in yellow). These target genes 
are implicated in key processes within the mTOR signaling 

pathway, suggesting a synergistic effect of miR‑362‑3p and 
miR‑19a‑3p in modulating the pathway's activity. The identi‑
fication of these co‑regulated genes provides new insights into 
the molecular mechanisms by which miRNAs may influence 
mast cell response to contrast medium stimulation.

Discussion

Contrast medium‑induced mast cell activation has always been 
an important issue in radiology. To the best of the authors' 
knowledge, this is the first report to investigate the correlation 
between miRNA expression and mast cell activation following 

Figure 4. KEGG Pathway Analysis of ultravist‑treated mast cells. P815 cells were stimulated with 50 mg/ml ultravist for 24 h. Subsequent KEGG pathway 
analysis of the mTOR signaling pathway revealed upregulation of genes related to (A) miR‑19A‑3p and (B) miR‑362‑3p, which are highlighted in red. KEGG, 
Kyoto Encyclopedia of Genes and Genomes; miRNA/miR, microRNA.
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stimulation with the contrast medium, ultravist. The present 
study demonstrated that ultravist could induce mast cell 

activation through histamine release and decrease the level of 
β‑hexosaminidase. The miRNA profile following stimulation 

Figure 5. miR‑19a‑3p and miR‑362‑3p could be upregulated by ultravist treatment. P815 cells were treated with different doses of ultravist and (A) miR‑19a‑3p 
and (B) miR‑362‑3p were detected by reverse transcription‑quantitative PCR. *P<0.05, **P<0.01. miRNA/miR, microRNA.

Figure 6. Network analysis of miRNA‑target interactions in mast cells. P815 cells were stimulated with 50 mg/ml ultravist for 24 h, the predicted interactions 
between miR‑19a‑3p and miR‑362‑3p were analyzed and the key target genes‑Aox1, Akap2, and Uba2l were highlighted in yellow. miRNA/miR, microRNA.
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with ultravist in mast cells was also investigated and this 
further confirmed the role of miR‑19a‑3p and miR‑362‑3p in 
contrast medium‑induced mast cell activation.

Histamine release is a landmark feature of mast cell activa‑
tion. Contrast medium‑induced adverse effects, such as skin rash, 
itching and flushing, are all associated with mast cell overactiva‑
tion (25). When mast cells are activated, intracellular mediators, 
such as histamine and β‑hexosaminidase, are released into the 
tissue. This further induces vascular dilation and increases 
vaso permeability, thus causing skin rash or vaso edema (26). 
In serious cases, it can lead to anaphylactic shock (27). 
β‑hexosaminidase, a lysosomal enzyme, is commonly used as a 
marker for mast cell degranulation. The aim of the present study 
was not only to evaluate mast cell degranulation but also to 
investigate the overall cellular response to radiocontrast media, 
including alterations in cellular enzyme levels. Consequently, 
the level of β‑hexosaminidase in the cell lysate was measured. 
The present study showed that the contrast medium ultravist 
increased secreted histamine level and decreased intracel‑
lular β‑hexosaminidase concentration. This finding indicated 
that ultravist could induce mast cell activation. However, the 
present study used only a single mast cell line to demonstrate 
that contrast medium could increase histamine release. It is 
suggested that multiple cell lines and animal model be used in 
future research to validate these findings.

In recent years, miRNA has been reported to play a role in 
mast cell activation (9). In a dinitrophenyl‑induced mouse bone 
marrow‑derived mast cell model, a total of 17 miRNA expres‑
sions were changed compared with the resident mast cell. 
Among these results, expressions of miR‑21a and miR‑3113 
showed the highest increase and decrease respectively in the 
activated mast cells compared with the resident mast cells (28). 
These miRNA expressions could regulate downstream 
signaling, such as PI3K and PKC, to inhibit intracellular medi‑
ator synthesis and degranulation (29). The present study used 
a high‑throughput method to screen contrast medium‑induced 
miRNA expression and found that the expression of more than 
40 miRNA was changed. These findings are consistent with 
previous reports on mast cell activation.

For the validation of miRNA sequencing data, two 
miRNAs, miR‑19a‑3p and miR‑362‑3p, were selected and 
in vitro experiment used to confirm the results. Previous 
reports on the physiological role of miR‑19a‑3p have shown 
associations with tumorigenesis and suppression of M1 
macrophage differentiation (30,31). The possible mechanisms 
involve regulation of THBS1 protein expression or inhibi‑
tion of the STAT1/IRF1 signaling pathway. Furthermore, 
miR‑19 family members have been associated with inflamma‑
tory responses in sepsis and induced neuropathic pain. The 
mechanism is through regulating the expression of KLF7 
and miR‑19b‑3p (32,33). Most reports on miR‑362‑3p are 
related to tumor suppressor genes modulation. For example, 
miR‑362‑3p can target MCM5 protein, SERBP1 gene and 
JMJD2A enzyme expression to suppress cervical adenocarci‑
noma, ovarian cancer progression and nasopharyngeal tumor 
progression (34‑36). In addition to cancer‑related studies, 
miR‑362‑3p has also been reported to play an important role in 
the pathogenesis of inflammatory bowel disease (37). However, 
to the best of the authors' knowledge, there are no data in 
the literature on the two aforementioned miRNAs regarding 

their roles in mast cell activation, and thus, the present study 
is the first to report on the potential roles of miR‑19a‑3p and 
miR‑362‑3p in contrast medium‑induced mast cell activa‑
tion. Furthermore, according to the KEGG pathway analysis, 
miR‑19a‑3p and miR‑362‑3p are also associated with other cell 
physiology functions. Further study is needed to elucidate the 
mechanism and downstream signaling pathway.

The present study demonstrated that contrast medium 
could induce mast cell activation and miRNA overactivation. 
However, there were some limitations in the present study. 
First, although contrast medium‑induced histamine release 
and decrease in β‑hexosaminidase level were observed, the 
underlying mechanisms and downstream signaling pathway 
are unclear and hence further research including multiple cell 
lines and animal model are warranted. Second, the miRNA 
array data showed expressions were changed in 40 miRNAs, 
but only two of them were selected for further evaluation. 
Furthermore, among the three attempts for the validation, one 
experiment failed due to the absence of signaling, prompting 
the analysis of only two of the three datasets to ascertain the 
effect of the contrast medium on miRNA expression. This 
decision was made to ensure the accuracy and reliability of 
the findings. The potential implications of excluding the failed 
attempt was thoroughly considered and this approach main‑
tained the integrity of the results of the present study. Even so, 
there was insufficient evidence to prove which one played the 
more important role in the contrast medium‑induced mast cell 
activation. miRNA inhibitors should be used in future experi‑
ments to clarify the effects of selected miRNAs on contrast 
medium‑induced mast cell activation. Third, the present study 
has a lack of clinical validation in blood samples from indi‑
viduals with hypersensitivity compared with individuals with 
no allergic reaction to contrast medium. Further experimenta‑
tion will be necessary in the future.

In conclusion, the present study showed that contrast 
medium could induce mast cell activation and miRNA 
expression. It also reported high throughput data of miRNA 
expressions after mast cell stimulation with contrast medium. 
These data demonstrated that miRNAs are involved in 
contrast medium‑induced mast cell activation and that these 
miRNAs may have potential as a target to prevent contrast 
medium‑induced adverse effects.
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