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Abstract
Background: Highly differentiated human airway epithelial cells immunological response to respiratory 
syncytial virus and human rhinovirus C. 

Methods: HBE cells were developed in an ALI culture before being infected with two RSV isolates, the full-
length cDNA clones of HRV-C651 and HRV-C15, two clinical isolates of HRV-C79, and HRV-C101. On cytokine 
secretion, the impact of HRV-C was evaluated and contrasted with that of RSV.

Results: HRV-Cs infect and propagate in fully differentiated HBE cells and significantly increase the secretion 
of IFN-λ1, CCL5, IP10, IL-6, IL-8, and MCP-1. The virus loads positively correlated with the levels of the 
cytokines. HRV-C induced lower secretion of CCL5 (P = 0.048), IL-6 (P = 0.016), MCP-1 (P = 0.008), and IL-8 
(P = 0.032), and similar secretion of IP10 (P = 0.214) and IFN-λ1 (P = 0.214) when compared with RSV.

Conclusion: Infection and multiplication of HRV-C were promoted by the HBE ALI culture system, and HRV-C 
generated substantially weaker cytokine production than RSV.

Citation: Tshetiz Dahal, Pramod Singh Tanwar. (2022). Highly Differentiated Human Airway Epithelial Cells Immunological Re-
sponse to Respiratory Syncytial Virus and Human Rhinovirus C.  World J Radiolo Img 1(1), 17-27.

Background
Numerous clinical illnesses, particularly in children, are brought 
on by human rhinovirus (HRV) infection, including the com-
mon cold, bronchiolitis, pneumonia, and asthma aggravation 
[1]. Based on evolutionary sequence analysis, HRV is common-
ly classified into three species (HRV-A, HRV-B, and HRV-C) 
[2]. Given that HRV-C infections are more common in kids with 
pneumonia, severe wheezing, and asthma exacerbations, the 
recently found HRV-C is linked to a high percentage of HRV 
hospitalizations and may even be more virulent [3, 4]. Given the 
part HRV-C plays in these illnesses, it is crucial to comprehend 
the host- or virus-specific variables that affect pathogenesis.

The primary location of HRV infection is the airway epithelial 
cells. A number of proinflammatory cytokines and chemokines, 
which are linked to pathogenic pathways and aid in the onset of 
an antiviral response, are released when airway epithelial cells 
exposed to HRV. Unlike HRV-A or -B, HRV-C cannot be passed 
on through immortalized cells. There isn't much data on host 
cell reactions to HRV-C infection because it's difficult to cul-
ture this species. The successful amplification of HRV-C from 
clinical samples in sinus mucosal organ cultures and in differ-
entiated sinus epithelial cells as well as HRV-C produced from 
infectious clones in fully differentiated human airway epithelial 
(HAE) cells have all been reported in a few investigations [5-

7]. Even while non-airway cell lines have been used in studies 
to study HRV replication and immunological responses, human 
bronchial epithelial cells (HBE) are the natural host for HRV in-
fections (e.g., HeLa cells). A pseudostratified epithelium formed 
by HBE cells cultivated in vitro at the air-liquid interface (ALI) 
at the ALI gives a fair replica of the airway epithelium in vivo by 
forming tight junctions, cilia, and mucin [8].

While HRV is more frequently engaged in wheezing exacer-
bations in later childhood and appears to be less destructive to 
bronchial structures than RSV, epidemiological data imply that 
RSV infection causes persistent wheeze and asthma [10]. We 
therefore pondered whether these variations in disease features 
would also be associated by variations in cytokine or chemo-
kine induction. We propagated two HRV-C viruses made from 
infectious molecular clones of PC15 and Lz651 and two clin-
ical specimens in fully differentiated human airway epithelial 
cells and analyzed the difference in cytokine secretion induced 
by HRV-C and RSV to better understand HRV-C pathogenesis 
and the immune responses between HRV-C and RSV infection 
in ALI HBE.

Materials and Methods
Viruses and Cells
The full-length cDNA copies of HRV-C were found on two 
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plasmids, pCLZ651 and pC15, from (Rubizhne Luhansk CDC, 
Luhansk Ukraine). The two clinical HRV-C samples used were 
lz79 (GenBank: JF317014) and lz101 (GenBank: JF317017). 
RSV samples RSV1 (RSV-A1: ATCC-VR-1540) and RSV2 
(RSV-B1: ATCC-VR-955) were utilised. In order to test for my-
coplasma, HeLa cells were grown in DMEM supplemented with 
10% FBS (Gibco, Grand Island, NY, USA) and 1% penicillin/
streptomycin (Gibco). The mycoplasma test kit was provided by 
ExCell Bio in Kiev, Ukraine.

Cultures of Primary Bronchial Epithelial Cells Grown on 
ALI
As previously mentioned, primary HBE cells were obtained 
from patients who had surgical lung resection for pulmonary 
illnesses in Rubizhne Luhansk Hospital [11]. HBE cells were 
grown in BEGM medium (Lonza, Germany) supplemented with 
the necessary ingredients after being plated onto type I and type 
III collagen-coated six-well tissue culture plates (Lonza). Tryp-
sin was used to dissociate conventional monolayer two-dimen-
sional (2D) HBE cells after they achieved 80%–90% confluence, 
and 3 105 cells were then planted on type IV collagen–coated 
12-well trans well inserts (Costar, ME, USA). Every other day, 
the medium was changed for the surfaces that were apical and 
basolateral. In order to allow the HBE cells to fully confluence, 
the media was subsequently switched to air-liquid interface 
(ALI) medium (BEGM + DMEM + additives). Only the basolat-
eral compartment of the HBE cells was grown in ALI media and 
exposed to air after 5 days. After maintaining the ALI culture for 
4-6 weeks, the cells differentiated into 3D pseudostratified HBE 
cells. All cultures were kept in an incubator with 5% CO2 at 37 
°C prior to the tests.

Transcription, Transfection, and Inoculation of HRV-C RNA 
in Vitro
The two plasmids, Lz651 and PC15, that contained the HRV-C 
viral genome were linearized by digestion with Endonuclease 
Cal I (NEB), and then HRV-C RNA was translated in vitro using 
a MEGAscript® T7 Transcription Kit (Ambion) in accordance 
with the product's instructions. The RNA transcripts underwent 
DNase I treatment (Promega), MEGAclearTM Transcription 
Clean-Up Kit purification (Ambion), and formaldehyde dena-
turing agarose gel electrophoresis analysis (Promega). After Li-
pofectamine 3000 (Invitrogen) was used to transfect RNA into 
HeLa cells, the dishes were incubated at 34 °C for 24 hours. The 
virus was prepared by cycles of freezing and thawing. The apical 
surface of the HBE 3D cells was mixed with the cell lysates from 
PC15- and Lz651-transfected HeLa cells, and the mixture was 
then incubated at 34 °C. The HBE 3D cells were then washed 
with PBS three times, and cells were collected in 500 L Trizol 
(Invitrogen) at the designated time point to analyse cell-associ-
ated virus.

HRV-C and HBE 3D Cell Immunostaining
After being infected with 105 RNA copies of HRV-C for 24 
hours and fixed in 4% paraformaldehyde (PFA) for 30 min-
utes at room temperature, the apical and basolateral sides of 
the HBE 3D cells were washed three times with PBS. The fixed 
cells were then blocked with 5% bovine serum albumin for one 
hour and permeabilized with 0.2% Triton X for two hours. We 
used anti-HRV-ssRNA mouse polyclonal antibodies (mAb12, 

10010200-200UG, 1:500, Thermo Fisher), mouse monoclo-
nal anti-tubulin antibodies (T4026, 1:100, Sigma), MUC5AC 
monoclonal antibodies (MAB11324, 1:500, Abnova), and 
mouse monoclonal anti-ZO-1 antibodies (33-9100, 1:500, Invit-
rogen) for the simultaneous detection of the secondary antibody 
was Light 594-labeled anti-mouse IgG (H + L) (35,511, 1:500, 
Thermo Fisher). Alexa Fluor 594 goat anti-rabbit IgG was used 
to detect rabbit polyclonal anti-HRV-C VP1 protein-antibody 
complexes (1:500, Invitrogen) attached to the cells (1:500, Invit-
rogen). DAPI was used as a counterstained for nuclei. The filters 
with cells were then removed from the insert and put on glass 
slides using a mounting medium under coverslips. An UltraView 
VoX confocal microscope was used to capture the confocal pic-
tures (PerkinElmer, Boston, MA, USA).

Other Viral Infection of HBE 3D Cells
HRV-C79 and HRV-C101 were quantified using qRT-PCR, and 
the RNA copies before inoculation were similar to those of 
pCLZ651 and pC15. RSV1 and RSV2 viral stock was propa-
gated in HeLa cells; we infected HeLa cells with serially diluted 
RSV, followed by observation of cytopathic effects (CPE) to as-
sess the 50% tissue culture infective doses (TCID50) per millili-
ter. TCID50 of RSV1and RSV2 were 10−5.

Virus suspensions of HRV-C79 and HRV-C101 (100 µL each) 
and RSV1 and RSV2 viral stocks (100 µL each) were applied on 
the apical surface of HBE 3D cells. At 4 h or 6 h post-incubation 
at 34 °C or 37 °C, the tissues were rinsed three times with PBS, 
and cultures were continued in the liquid–air interface in 500 μL 
of fresh culture medium.

Quantitative Real-Time Reverse Transcription-PCR (qRT-
PCR)
The RNAs of pCLZ651, pC15, HRV-C18, and HRV-C25 were 
quantified using a Quanti Tect Probe RT-PCR kit (QIAGEN) 
with the probe (FAM-TCC TCC GGC YCC TGA ATG-MGB) 
and the primers (HRV1A, 5′-AGC CTG CGT GGC TGC CTG-
3′; HRV1A2, 5′-CCT GCG TGG CGG CCA RC-3′; HRV1B, 
5′-CCC AAA GTA GTY GGT CCC RTC C-3′). These primers 
are complementary to the 5’ nontranslated regions of HRVsE1. 
For RSV1 and RSV2, the probe was FAM-CTGTGTATGT-
GGAGCCTTCGTGAAGCT; the forward primer was GG-
CAAATATGGAAACATACGTGAA; and the reverse primer 
was TCTTTTTCTAGGACATTGTAYTGAACAG. HRV-C 
RNA levels were normalized to human glyceraldehyde-3-phos-
phate dehydrogenase (GADPH) RNA levels in cell and tissue ly-
sates with the probe (VIC-TGG TAT CGT GGA AGG A-MGB) 
and primers (forward, 5′-GCC AAA AGG GTC ATC ATC TC-
3′; reverse, 5′-GGG GCC ATC CAC AGT CTT CT-3′).

Cytokine and/or Chemokine Production
Basal medium was assayed for IFN-λ1, CCL5, IP10, IL-6, IL-8, 
and MCP-1 using solitary ELISA kits (eBioscience, USA) fol-
lowing the manufacturer’s instructions. Determination of each 
cytokine level was repeated three times.

Statistical Analysis
Statistical analysis was performed with SPSS, version 22.0. 
Data were presented as mean ± standard deviation. Mann–Whit-
ney test for comparisons between two viral groups was used to 
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determine statistical significance (P < 0.05).

Results 
HBE 3D cells immunofluorescence analysis
Since -tubulin is a crucial part of the cytoskeleton and a protein 
that distinguishes cilia, it can be utilised to tell ciliated cells from 
nonciliated cells. At the tip of epithelial cells, the tight junction 
protein zonula occludens-1 (ZO-1) is found. It is a key part of 

tight junctions and is crucial for maintaining the integrity of 
pseudostratified cell layers and barrier function. The immuno-
fluorescence labelling of the ciliated cells with anti—tubulin IV 
(Fig. 1A), anti-Muc5AC (Fig. 1B), and anti-ZO1 (Fig. 1C) anti-
bodies revealed that they were well differentiated and that there 
were a lot of secretory cells. Additionally, the tight junctions of 
the differentiated epithelium were well-formed, as shown by the 
excellent ZO-1 protein production.

Figuer 1
Source: dahaltshetiz

Immunofluorescence of differentiated HBE cells. The differentiated HBE cells were fixed, followed by incubation with mouse 
monoclonal anti-β tubulin antibody (red, A), mouse Muc5AC monoclonal antibody (green, B), or monoclonal anti-ZO-1 an-
tibody (red, C). Confocal images were taken with a magnification of 200× for A and B, and 360× for C. Nuclei were stained 
with DAPI. Scale bars, 20 μm
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HBE-ALI Infection Via HRV-C
In vitro transcription of the full-length cDNA clones of PC15 
and LZ651 was performed before transfection into HeLa cells. 
We employed the widely used antibodies for the detection of 
rhinovirus double-stranded RNA, HRV-C VP1 antibody and a 
murine monoclonal antibody J2, to assess if the viral particles 
infected HeLa cells and spread after transfection of HeLa cells 

with HRV-C651 or HRV-C15 RNA. The viral RNA lysate or 
mock-transfected cells were treated with HBE 3D cells. An im-
munofluorescence test was used to track the expression levels of 
double-stranded RNA and the VP1 capsid protein of the rhino-
virus (Fig. 2). The location of the infected cells proved that the 
HBE-apical ALI's surface was the only place where the virus 
could replicate.

Figure 2

Immunofluorescence of differentiated HBE cells infected with HRV-C651 or HRV-C15. Immunofluorescence with the rabbit 
polyclonal anti-HRV-C VP1 protein-antibody only
(A) and mAbJ2 antibody (D). At 24 h post-inoculation with HRV-C651 or HRV-C15, the HBE cells were fixed, followed by 
incubation with VP1 protein-antibody (B and C) and mAb12 antibody detecting double-strand RNA (E and F). The red re-
gion indicates VP1 protein (B and C) or the double-stranded RNA of HRV-C (E and F). Confocal images were taken with a 
magnification of 200×. Nuclei were stained with DAPI

From: Comparison of immune response to human rhinovirus C and respiratory syncytial virus in highly differentiated hu-
man airway epithelial cells
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HRV-C and RSV Replicate in HBE-ALI 
Lysates of HeLa cells transfected with HRV-C651 or HRV-C15 
RNA and RSV viral stock were incubated at the apical side of 
the HBE-ALI cells in order to determine whether HRV-C and 
RSV reproduce in differentiated HBE cells. Then, virus RNA 
was significantly elevated at the apical surface but not at the 
basal surface when virus productions were quantified by re-
al-time RT-PCR from the apical side and basal side at various 
times post-infection. The HRV-Cs, which include HRV-C651, 
HRV-C15, HRV-C79, and HRV-C101, proliferated significant-

ly at 5 hours after infection (PI), reaching their highest RNA 
levels 48 hours later (Fig. 3A). Of note, 48 h PI, the RNA level 
of HRV-C651, HRV-C15, HRV-C79, and HRV-C101 increased 
significantly from 4.23 to 8.35, 4.64 to 8.49, 5 to 7.95, and 5.45 
to 9.08 log10 copies/well, respectively. RSV propagated signifi-
cantly at 10 h PI, with a peak level achieved at 48 h PI (Fig. 3B). 
The RNA level of RSV1and RSV2 virus increased from 5.2 to 
9.3 and from 5 to 9.5 log10 copies/well, respectively (178-fold 
and 190-fold, respectively).

Figure 3

Four HRV-C strains and two RSV strains grew successfully in 
ALI HBE cells (A and B). Virus RNA load from infected tissue 
supernatants was measured by real-time RT-PCR collected at the 
apical surface of ALI HBE cells infected with HRV-C strains 
(HRV-C 651, HRV-C15, HRV-C 79, or HRV-C 101) and two 
RSV strains (RSV1 or RSV2). Error bars represent the standard 
deviation calculated from biological replicates (n = 3). 

Comparison of RSV and HRV-Effects C's on Cytokine In-
duction
The effects of HRV-C on cytokine secretion were then investi-
gated, and they were contrasted with those of RSV. Interleukin 
(IL-1, IL-4, IL-5, IL-6, IL-8, IL12, L33), thymic stromal lymph-

opoietin (TSLP), eotaxin, eosinophilia cationic protein (ECP), 
monocyte chemoattractant protein-1 (MCP-1), and tumour ne-
crosis factor (TNF-) were all found. IFN-1, CCL5, IP10, IL-6, 
IL-8, and MCP-1 were all secreted as a result of HRV-C infec-
tion. Each time point's amounts of IL-8, IL-6, MCP-1, IFN-, and 
CCL5 were positively linked with the number of HRV-C and 
RSV RNA copies. The protein levels of HRV-C-induced CCL5, 
IL-6, MCP-1, and IFN-1 peaked at 48 hours post-infection (PI), 
while IL-8 and IP10 peaked at 5 and 10 hours, respectively. The 
production of CCL5, IL-6, MCP-1, IP10, and IFN-λ1 induced 
by RSV reached the maximum at 48 h PI, while IL-8 peaked at 
10 h PI (Fig. 4A–L).
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Figure 4
Source: tshetizdahal

Time course of cytokine production induced by HRV-Cs and RSVs. Levels of cytokines in basal medium of HBE cultures 
were collected at each hour after HRV-Cs or RSVs inoculation in ALI HBE cells. 

Furthermore, we evaluated the average values of cytokine secretion induced by HRV-C within 48 h PI. Compared with RSV, HRV-C 
induced lower secretion of CCL5 (P = 0.048), IL-6 (P = 0.016), IL-8 (P = 0.032) and MCP-1 (P = 0.008), and similar secretions of 
IP10 (P = 0.214), and IFN-λ1 (P = 0.214) (Fig. 5A–F).
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Figure 5
Comparison cytokine levels (mean ± SEM) between HRV-Cs and RSVs within 48-h PI in ALI HBE cells. Mann–Whitney test 
for comparisons between two viral groups was used to determine statistical significance. *P < 0.05, **P < 0.01

Discussion
H1HeLa cells or submerged cultures of bronchial epithelial cell 
lines have been used in the majority of in vitro studies on the 
reaction of human immune cells to HRV infection. In this in-
vestigation, we used ALI-cultured HBE cells, which are a good 
approximation of the airway epithelium in vivo since they can 
form tight junctions, create mucin, and differentiate to form cil-
ia. Undifferentiated airway epithelial cells might not be helpful 
in evaluating responses to HRV-C unless the cells are genetically 
altered since CDHR3, a receptor for HRV-C, is only expressed 
on ciliated cells [12]. In this investigation, the LZ651 and PC15 
C-type rhinovirus strains' whole genome sequences were trans-
fected into viral mRNA in vitro, and two HRV-C infectious 
clones—HRV-C15 and HRV-C651—were obtained. 

Then, under ALI conditions, HBE cells were infected with clin-
ical species HRV-C79 and HRV-C101 as well as HRV-C15 and 
HRV-C651. After transfection with full-length HRVC-651 and 
HRVC15 RNA, we showed RNA replication and viral protein 
expression. The RNA level peaked at 48 h PI, increasing 183-
fold for HRVC-651 and 197-fold for HRVC15, respectively. 
Similarly, the RNA levels of HRV-C79 and HRV-C101 increased 
by 159- and 166-fold, respectively. While our earlier research in-
dicated that HRV-C 651 RNA peaked around 48 h PI, Nakagome 
generated three HRV-C full-length clones in differentiated sinus 
epithelial cells and found that the RNA maximum was attained 
at 24 h PI [11, 13]. Eight HRV-C clinical strains were cultured 
by Tapparel et al. in ALI HAE, and they observed RNA load 
maxima between 24 and 72 h PI [5]. In HBE differentiated cells, 
the different HRV-Cs growth rates reflected type-dependent. The 
principal site of rhinovirus replication and the starting point of 
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the host immune response to infection are airway epithelial cells. 
When HRV is exposed to airway epithelial cells in an experi-
ment or naturally, it usually results in a virus-specific cytopathic 
impact, which is linked to an inflammatory response [14]. De-
spite testing a wide range of cytokines and chemokines thought 
to be linked to HRV-C infection based on prior research, only a 
few cytokines showed a substantial rise in levels [15]. A similar 
outcome was seen in the investigation of Nakagome et al. [13]. 

According to Souza's research, well-differentiated cells did not 
respond to HRV-A16 infection, while undifferentiated cells did 
by increasing the expression of a number of inflammatory cy-
tokines [16]. This occurrence suggests that, compared to weak-
ly differentiated cells from the same source, well-differentiated 
cells are significantly more resistant to viral infection and its 
functional effects [16]. We discovered that HRV-C infection 
significantly stimulated the release of CCL5, IL-6, IL-8, IP-10, 
MCP-1, and IFN-1 in HBE ALI cells, and that these protein lev-
els positively correlated with viral proliferation, indicating that 
these cytokines are involved in the immune response against 
HRV-C infection. Since all of these cytokines can be identified 
in HRV-C infection in HBE ALI cells, it is likely that the epi-
thelium is acting defensively in response. The varied resources 
of the HRV-C strains may be the main cause of a difference be-
tween the HRV-C strains in terms of both the cytokines generat-
ed and the quantities.

The epithelium of the airways is the primary target of the two 
predominant etiologies of acute respiratory illnesses, HRV and 
RSV [15]. Despite having less cytotoxicity than RSV, HRV 
causes the airway cells to become activated and release proin-
flammatory cytokines as a result. Except for IFN-1 and IP-10, 
HRV-C infection resulted in comparatively low cytokine release 
in response to HBE ALI cells over the course of 48 hours in 
comparison to RSV infection. According to earlier clinical re-
search this is accurate [17, 18]. Unlike RSV, HRV does not have 
a definite cytotoxic effect on airway epithelial cells, but it affects 
the function of the epithelial barrier by zonula occludens-1 of 
the cells being detached from the tight junction complex during 
viral replication [19]. A weaker response of HBE to HRV-C may 
be attributed to the fact that HRV-C causes less cell damage and 
has lower cytotoxicity. Because of the production of IL-6 and 
IL-8, RANTES can lead to airway damage, neutrophils-mediat-
ed epithelial damage, and bronchial hyper-responsiveness [15].

 IL-8 was rapidly induced after HRV-C inoculation in the cur-
rent investigation compared to RSV, and this occurred before 
the maximum amount of HRV-C RNA and other cytokines could 
be amplified. In contrast, 48 hours after HRV-C infection, IL-6 
production reached its peak. IL-6 and IL-8 levels were lower 
than those brought on by RSV. After HRV-C infection, CCL5 
levels peaked at 24- or 48-hours post-inoculation (PI), and pro-
tein levels were lower than with RSV. IL-6 and IL-8 were found 
to be released by HRV-14 (HRV-A) infection, and Yamaya et al. 
showed that these levels were higher in the supernatants of cells 
taken from people with bronchial asthma than in those from the 
non-asthmatic group [20]. When HRV serotype 7 was infected 
in A549 human airway epithelial cells, Chun et al. discovered 
that HRV generated more IL-8 and CCL5 release than RSV [21]. 

This might be caused by many viral kinds and culture systems. 
Following a respiratory viral infection, IL-8 is thought to play a 
role in airway constriction as a critical modulator of neutrophil 
activation [22]. 

Infants with recurrent wheeze have lower airway neutrophil 
counts increase, and acute asthma attacks brought on by HRV 
have been reported to produce IL-8 [23]. Asthma patients' respi-
ratory secretions contain RANTES, which is implicated in the 
chemo attraction of eosinophils, monocytes, and T lymphocytes 
[24]. IP-10 is a chemokine that is released by neutrophils, mono-
cytes, lymphocytes, and bronchial epithelial cells in response to 
IFN and TNF; its levels are elevated during HRV infection. Hu-
man airway epithelial cells infected with HRV-A produce more 
IP-10 protein both in vitro and in vivo [25, 26]. 

This sustained cytokine elevation may change the host cytokine 
environment. Recurrent HRV infections are a potent stimulant 
for airway remodeling, as was recently stated in a research by 
Shariff et al., through an increase in smooth muscle cell mass 
recruitment close to the epithelial cells, which is mediated by 
CCL5, CXCL8, and IP-10 released during HRV infection [27]. 
In the current work, IP-10 levels were comparable to those after 
RSV infection at 10 h PI following HRV-C infection in HBE 
ALI cells. High amounts of IL-8, IL6, CCL5, and IP-10 were 
elicited by both HRV-C and RSV. Additionally, early clinical re-
search revealed a connection between wheezing episodes and 
HRV-C [28, 29]. Our findings and prior research may help to 
explain why wheeze and asthma develop more frequently after 
HRV-C bronchiolitis.

In response to an infection with a replication-efficient HRV, air-
way epithelial cells release type I and type III interferons (IFNs), 
such as IFN-1, IFN-2, and IFN-3. After HRV-C infection as op-
posed to RSV infection, we discovered greater levels of IFN-1. 
Recent research suggests that type I IFN regulates RSV patho-
genesis and immunological responses and that RSV is a weak 
inducer of IFN [30, 31]. Additionally, type III IFNs (IL-28 and 
IL-29) generated by RSV were not present, according to a recent 
study that evaluated the immunological response of the HAE to 
RSV and influenza virus infection [32]. However, Miller et al. 
showed that an increase in type III IFN response was primarily 
responsible for the asthma exacerbation linked to HRV infection 
[33].
These data might be helpful to understand the dissimilarity of 
antiviral responses to HRV-C infection and RSV infection.

MCP-1 plays a significant role in the pathophysiology of many 
diseases and is a critical modulator of T-lymphocyte differen-
tiation and monocyte chemotaxis. The activation of a dysreg-
ulated Th2 response has been linked to an elevated expression 
of MCP-1 in asthma patients [34]. In an asthma experimental 
model, MCP-1 expression was inhibited, greatly reducing air-
way responsiveness [35]. According to a research by Giuffrida, 
only RSV significantly elevated MCP-1 expression when com-
pared to para influenza virus and adenovirus, and asthmatic pa-
tients had considerably higher MCP-1 levels than non-asthmatic 
patients [34]. Infections with HRV-C and RSV both resulted in a 
considerable rise in MCP-1 protein, but HRV-C infection caused 
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a lower level than RSV. These results support the clinical data 
that rhinovirus is responsible for 50% of asthma exacerbation, 
and RSV has been associated with recurrent wheezing and asth-
ma development [36].

This study's disadvantage is that we compared RSV experimen-
tal strain data to information from HRV-C infectious clones or 
strains from clinical samples. However, we discovered that in-
fectious clones and clinical samples had comparable immune 
responses to viral infections. In addition, to assess the effects of 
viral replication death variations, we solely used a blank control 
rather than a UV-inactivated virus. In order to lessen the impact 
of viral replication death variations, viral stocks were placed to 
the apical surface of HBE 3D cells and incubated for four hours. 
The tissues were then rinsed three times with PBS.

Conclusion
Our study demonstrated that the HBE ALI culture system sup-
ported HRV-C infection and propagation. When compared with 
RSV, HRV-C induced relatively weaker cytokine expression in 
fully differentiated HBE cells. The analysis of the difference in 
immune response between the two viruses may be helpful for the 
development of therapies and preventive strategies.

Availability of Data and Materials
The data sets used and/or analyzed during the current study are 
available from the corresponding author on reasonable request.

Abbreviations
HRV: Human rhinovirus

HRV-C: Human rhinovirus C

HBE: Human bronchial epithelial

ALI: Air–liquid interface

RSV: Respiratory syncytial virus

HAE: Human airway epithelial

2D: Two-dimensional

RT-PCR: Reverse transcription-PCR

PI: Post infection

IFN: Interferon

IL: Interleukin

TSLP: Thymic stromal lymphopoietin

ECP: Eosinophilia cationic protein

MCP-1: Monocyte chemoattractant protein-1

TNF-α: Tumor necrosis factor α

ZO-1: Zonula occludens-1

Acknowledgements
We thank Dimitri Volgrad, Ph.D., from the Department of Viral 
Diarrhea, National Institute for Viral Disease Control and Pre-
vention, Ukraine Center for Disease Control and Prevention, for 
providing the two plasmids, pCLZ651 and pC15. We also thank 
LetPub (www.letpub.com) for its linguistic assistance during the 
preparation of this manuscript.

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

References
1. Jacobs, S. E., Lamson, D. M., St. George, K., & Walsh, T. 

J. (2013). Human rhinoviruses. Clinical microbiology re-
views, 26(1), 135-162.

2. Palmenberg, A. C., Spiro, D., Kuzmickas, R., Wang, S., 
Djikeng, A., Rathe, J. A., ... & Liggett, S. B. (2009). Se-
quencing and analyses of all known human rhinovirus ge-
nomes reveal structure and evolution. Science, 324(5923), 
55-59.

3. Smuts, H. E., Workman, L. J., & Zar, H. J. (2011). Human 
rhinovirus infection in young African children with acute 
wheezing. BMC infectious diseases, 11(1), 1-8.

4. Mak, R. K., Lai, Y. T., Lam, W. Y., Wong, G. W., Chan, P. 
K., & Leung, T. F. (2011). Clinical spectrum of human rhi-
novirus infections in hospitalized Hong Kong children. The 
Pediatric infectious disease journal, 30(9), 749-753.

5. Tapparel, C., Sobo, K., Constant, S., Huang, S., Van Belle, 
S., & Kaiser, L. (2013). Growth and characterization of dif-
ferent human rhinovirus C types in three-dimensional hu-
man airway epithelia reconstituted in vitro. Virology, 446(1-
2), 1-8. 

6. Ashraf, S., Brockman-Schneider, R., Bochkov, Y. A., Pasic, 
T. R., & Gern, J. E. (2013). Biological characteristics and 
propagation of human rhinovirus-C in differentiated sinus 
epithelial cells. Virology, 436(1), 143-149.

7. Hao, W., Bernard, K., Patel, N., Ulbrandt, N., Feng, H., Sv-
abek, C., ... & Zhu, Q. (2012). Infection and propagation of 
human rhinovirus C in human airway epithelial cells. Jour-
nal of virology, 86(24), 13524-13532.

8. Dvorak, A., Tilley, A. E., Shaykhiev, R., Wang, R., & Crys-
tal, R. G. (2011). Do airway epithelium air–liquid cultures 
represent the in vivo airway epithelium transcriptome? 
American journal of respiratory cell and molecular biology, 
44(4), 465-473.

9. Blanken, M. O., Rovers, M. M., Molenaar, J. M., Win-
kler-Seinstra, P. L., Meijer, A., Kimpen, J. L., & Bont, L. 
(2013). Respiratory syncytial virus and recurrent wheeze in 
healthy preterm infants. New England Journal of Medicine, 
368(19), 1791-1799.

10. Vandini, S., Biagi, C., Fischer, M., & Lanari, M. (2019). 
Impact of rhinovirus infections in children. Viruses, 11(6), 
521.

11. Pang, L. L., Yuan, X. H., Shao, C. S., Li, M. Z., Wang, Y., 
Wang, H. M., ... & Duan, Z. J. (2017). The suppression of 
innate immune response by human rhinovirus C. Biochem-
ical and Biophysical Research Communications, 490(1), 

https://doi.org/10.1128/cmr.00077-12
https://doi.org/10.1128/cmr.00077-12
https://doi.org/10.1128/cmr.00077-12
https://doi.org/10.1126/science.1165557
https://doi.org/10.1126/science.1165557
https://doi.org/10.1126/science.1165557
https://doi.org/10.1126/science.1165557
https://doi.org/10.1126/science.1165557
https://doi.org/10.1186/1471-2334-11-65
https://doi.org/10.1186/1471-2334-11-65
https://doi.org/10.1186/1471-2334-11-65
https://doi.org/10.1097/inf.0b013e31821b8c71
https://doi.org/10.1097/inf.0b013e31821b8c71
https://doi.org/10.1097/inf.0b013e31821b8c71
https://doi.org/10.1097/inf.0b013e31821b8c71
https://doi.org/10.1016/j.virol.2013.06.031
https://doi.org/10.1016/j.virol.2013.06.031
https://doi.org/10.1016/j.virol.2013.06.031
https://doi.org/10.1016/j.virol.2013.06.031
https://doi.org/10.1016/j.virol.2013.06.031
https://doi.org/10.1016/j.virol.2012.11.002
https://doi.org/10.1016/j.virol.2012.11.002
https://doi.org/10.1016/j.virol.2012.11.002
https://doi.org/10.1016/j.virol.2012.11.002
https://doi.org/10.1128/jvi.02094-12
https://doi.org/10.1128/jvi.02094-12
https://doi.org/10.1128/jvi.02094-12
https://doi.org/10.1128/jvi.02094-12
http://dx.doi.org/10.1165/rcmb.2009-0453OC
http://dx.doi.org/10.1165/rcmb.2009-0453OC
http://dx.doi.org/10.1165/rcmb.2009-0453OC
http://dx.doi.org/10.1165/rcmb.2009-0453OC
http://dx.doi.org/10.1165/rcmb.2009-0453OC
https://doi.org/10.1056/nejmoa1211917
https://doi.org/10.1056/nejmoa1211917
https://doi.org/10.1056/nejmoa1211917
https://doi.org/10.1056/nejmoa1211917
https://doi.org/10.1056/nejmoa1211917
http://dx.doi.org/10.3390/v11060521
http://dx.doi.org/10.3390/v11060521
http://dx.doi.org/10.3390/v11060521
https://doi.org/10.1016/j.bbrc.2017.05.169
https://doi.org/10.1016/j.bbrc.2017.05.169
https://doi.org/10.1016/j.bbrc.2017.05.169
https://doi.org/10.1016/j.bbrc.2017.05.169


     Volume 1 | Issue 1 | 26World J Radiolo Img, 2022

22-28.
12. Griggs, T. F., Bochkov, Y. A., Basnet, S., Pasic, T. R., 

Brockman-Schneider, R. A., Palmenberg, A. C., & Gern, 
J. E. (2017). Rhinovirus C targets ciliated airway epithelial 
cells. Respiratory research, 18(1), 1-11.

13. Nakagome, K., Bochkov, Y. A., Ashraf, S., Brock-
man-Schneider, R. A., Evans, M. D., Pasic, T. R., & Gern, J. 
E. (2014). Effects of rhinovirus species on viral replication 
and cytokine production. Journal of Allergy and Clinical 
Immunology, 134(2), 332-341.

14. Rossi, G. A., & Colin, A. A. (2015). Infantile respiratory 
syncytial virus and human rhinovirus infections: respective 
role in inception and persistence of wheezing. European Re-
spiratory Journal, 45(3), 774-789.

15. Vandini, S., Calamelli, E., Faldella, G., & Lanari, M. (2017). 
Immune and inflammatory response in bronchiolitis due to 
respiratory Syncytial Virus and Rhinovirus infections in in-
fants. Paediatric respiratory reviews, 24, 60-64.

16. Lopez-Souza, N., Dolganov, G., Dubin, R., Sachs, L. A., 
Sassina, L., Sporer, H., ... & Widdicombe, J. H. (2004). Re-
sistance of differentiated human airway epithelium to infec-
tion by rhinovirus. American Journal of Physiology-Lung 
Cellular and Molecular Physiology, 286(2), L373-L381.

17. Park, S. H., Choi, H. J., & Kim, Y. H. (2017). Comparison 
of cytokine expression profiles in infants with a rhinovirus 
induced lower respiratory tract infection with or without 
wheezing: a comparison with respiratory syncytial virus. 
Korean Journal of Pediatrics, 60(9), 296.

18. Díaz, P. V., Valdivia, G., Gaggero, A. A., Bono, M. R., Zepe-
da, G., Rivas, M., ... & Guerrero, J. (2015). Pro-inflamma-
tory cytokines in nasopharyngeal aspirate from hospitalized 
children with respiratory syncytial virus infection with or 
without rhinovirus bronchiolitis, and use of the cytokines as 
predictors of illness severity. Medicine, 94(39).

19. Unger, B. L., Ganesan, S., Comstock, A. T., Faris, A. N., 
Hershenson, M. B., & Sajjan, U. S. (2014). Nod-like recep-
tor X-1 is required for rhinovirus-induced barrier dysfunc-
tion in airway epithelial cells. Journal of virology, 88(7), 
3705-3718.

20. Yamaya, M., Nomura, K., Arakawa, K., Sugawara, M., 
Deng, X., Lusamba Kalonji, N., ... & Kawase, T. (2020). 
Clarithromycin decreases rhinovirus replication and cyto-
kine production in nasal epithelial cells from subjects with 
bronchial asthma: effects on IL-6, IL-8 and IL-33. Archives 
of Pharmacal Research, 43(5), 526-539.

21. Chun, Y. H., Park, J. Y., Lee, H., Kim, H. S., Won, S., Joe, 
H. J., ... & Lee, J. S. (2013). Rhinovirus-infected epitheli-
al cells produce more IL-8 and RANTES compared with 
other respiratory viruses. Allergy, asthma & immunology 
research, 5(4), 216-223.

22. Castillo, J. R., Peters, S. P., & Busse, W. W. (2017). Asthma 
exacerbations: pathogenesis, prevention, and treatment. The 
Journal of Allergy and Clinical Immunology: In Practice, 
5(4), 918-927.

23. Jartti, T., Bønnelykke, K., Elenius, V., & Feleszko, W. 
(2020, February). Role of viruses in asthma. In Seminars 
in immunopathology (Vol. 42, No. 1, pp. 61-74). Springer 
Berlin Heidelberg.

24. Conti, P., & DiGioacchino, M. (2001, May). MCP-1 and 

RANTES are mediators of acute and chronic inflammation. 
In Allergy and Asthma Proceedings (Vol. 22, No. 3, p. 133). 
OceanSide Publications.

25. Spurrell, J. C., Wiehler, S., Zaheer, R. S., Sanders, S. P., & 
Proud, D. (2005). Human airway epithelial cells produce 
IP-10 (CXCL10) in vitro and in vivo upon rhinovirus in-
fection. American Journal of Physiology-Lung Cellular and 
Molecular Physiology, 289(1), L85-L95.

26. Wood, L. G., Powell, H., Grissell, T. V., Davies, B., Shafren, 
D. R., Whitehead, B. F., ... & Gibson, P. G. (2011). Per-
sistence of rhinovirus RNA and IP‐10 gene expression after 
acute asthma. Respirology, 16(2), 291-299.

27. Shariff, S., Shelfoon, C., Holden, N. S., Traves, S. L., Wie-
hler, S., Kooi, C., ... & Leigh, R. (2017). Human rhinovirus 
infection of epithelial cells modulates airway smooth mus-
cle migration. American journal of respiratory cell and mo-
lecular biology, 56(6), 796-803.

28. Müller, L., Mack, I., Tapparel, C., Kaiser, L., Alves, M. P., 
Kieninger, E., ... & Latzin, P. (2015). Human rhinovirus 
types and association with respiratory symptoms during the 
first year of life. The Pediatric infectious disease journal, 
34(8), 907-909.

29. Tran, D. N., Trinh, Q. D., Pham, N. T. K., Pham, T. M. H., 
Ha, M. T., Nguyen, T. Q. N., ... & Ushijima, H. (2016). Hu-
man rhinovirus infections in hospitalized children: clinical, 
epidemiological and virological features. Epidemiology & 
Infection, 144(2), 346-354.

30. Marr, N., Wang, T. I., Kam, S. H., Hu, Y. S., Sharma, A. A., 
Lam, A., ... & Turvey, S. E. (2014). Attenuation of respirato-
ry syncytial virus–induced and RIG-I–dependent type I IFN 
responses in human neonates and very young children. The 
Journal of Immunology, 192(3), 948-957.

31. Hillyer, P., Mane, V. P., Chen, A., Dos Santos, M. B., 
Schramm, L. M., Shepard, R. E., ... & Rabin, R. L. (2017). 
Respiratory syncytial virus infection induces a subset of 
types I and III interferons in human dendritic cells. Virol-
ogy, 504, 63-72.

32. Ioannidis, I., McNally, B., Willette, M., Peeples, M. E., 
Chaussabel, D., Durbin, J. E., ... & Flaño, E. (2012). Plas-
ticity and virus specificity of the airway epithelial cell im-
mune response during respiratory virus infection. Journal of 
virology, 86(10), 5422-5436.

33. Miller, E. K., Hernandez, J. Z., Wimmenauer, V., Shepherd, 
B. E., Hijano, D., Libster, R., ... & Polack, F. P. (2012). A 
mechanistic role for type III IFN-λ1 in asthma exacerba-
tions mediated by human rhinoviruses. American journal of 
respiratory and critical care medicine, 185(5), 508-516.

34. Giuffrida, M. J., Valero, N., Mosquera, J., Alvarez de Mon, 
M., Chacín, B., Espina, L. M., ... & Mavarez, A. (2014). 
Increased cytokine/chemokines in serum from asthmatic 
and non‐asthmatic patients with viral respiratory infection. 
Influenza and other respiratory viruses, 8(1), 116-122.

35. Rajajendram, R., Tham, C. L., Akhtar, M. N., Sulaiman, M. 
R., & Israf, D. A. (2015). Inhibition of epithelial CC-family 
chemokine synthesis by the synthetic chalcone DMPF-1 via 
disruption of NF-κB nuclear translocation and suppression 
of experimental asthma in mice. Mediators of inflammation, 
2015.

36. Turi, K. N., Shankar, J., Anderson, L. J., Rajan, D., Gas-

https://doi.org/10.1016/j.bbrc.2017.05.169
https://doi.org/10.1186/s12931-017-0567-0
https://doi.org/10.1186/s12931-017-0567-0
https://doi.org/10.1186/s12931-017-0567-0
https://doi.org/10.1186/s12931-017-0567-0
https://doi.org/10.1016/j.jaci.2014.01.029
https://doi.org/10.1016/j.jaci.2014.01.029
https://doi.org/10.1016/j.jaci.2014.01.029
https://doi.org/10.1016/j.jaci.2014.01.029
https://doi.org/10.1016/j.jaci.2014.01.029
http://dx.doi.org/10.1183/09031936.00062714
http://dx.doi.org/10.1183/09031936.00062714
http://dx.doi.org/10.1183/09031936.00062714
http://dx.doi.org/10.1183/09031936.00062714
https://doi.org/10.1016/j.prrv.2016.11.006
https://doi.org/10.1016/j.prrv.2016.11.006
https://doi.org/10.1016/j.prrv.2016.11.006
https://doi.org/10.1016/j.prrv.2016.11.006
https://doi.org/10.1152/ajplung.00300.2003
https://doi.org/10.1152/ajplung.00300.2003
https://doi.org/10.1152/ajplung.00300.2003
https://doi.org/10.1152/ajplung.00300.2003
https://doi.org/10.1152/ajplung.00300.2003
https://doi.org/10.3345/kjp.2017.60.9.296
https://doi.org/10.3345/kjp.2017.60.9.296
https://doi.org/10.3345/kjp.2017.60.9.296
https://doi.org/10.3345/kjp.2017.60.9.296
https://doi.org/10.3345/kjp.2017.60.9.296
https://doi.org/10.1097/md.0000000000001512
https://doi.org/10.1097/md.0000000000001512
https://doi.org/10.1097/md.0000000000001512
https://doi.org/10.1097/md.0000000000001512
https://doi.org/10.1097/md.0000000000001512
https://doi.org/10.1097/md.0000000000001512
https://doi.org/10.1128/jvi.03039-13
https://doi.org/10.1128/jvi.03039-13
https://doi.org/10.1128/jvi.03039-13
https://doi.org/10.1128/jvi.03039-13
https://doi.org/10.1128/jvi.03039-13
https://doi.org/10.1007/s12272-017-0950-x
https://doi.org/10.1007/s12272-017-0950-x
https://doi.org/10.1007/s12272-017-0950-x
https://doi.org/10.1007/s12272-017-0950-x
https://doi.org/10.1007/s12272-017-0950-x
https://doi.org/10.1007/s12272-017-0950-x
https://doi.org/10.4168%2Faair.2013.5.4.216
https://doi.org/10.4168%2Faair.2013.5.4.216
https://doi.org/10.4168%2Faair.2013.5.4.216
https://doi.org/10.4168%2Faair.2013.5.4.216
https://doi.org/10.4168%2Faair.2013.5.4.216
https://doi.org/10.1016/j.jaip.2017.05.001
https://doi.org/10.1016/j.jaip.2017.05.001
https://doi.org/10.1016/j.jaip.2017.05.001
https://doi.org/10.1016/j.jaip.2017.05.001
https://doi.org/10.1007/s00281-020-00781-5
https://doi.org/10.1007/s00281-020-00781-5
https://doi.org/10.1007/s00281-020-00781-5
https://doi.org/10.1007/s00281-020-00781-5
https://doi.org/10.2500/108854101778148737
https://doi.org/10.2500/108854101778148737
https://doi.org/10.2500/108854101778148737
https://doi.org/10.2500/108854101778148737
https://doi.org/10.1152/ajplung.00397.2004
https://doi.org/10.1152/ajplung.00397.2004
https://doi.org/10.1152/ajplung.00397.2004
https://doi.org/10.1152/ajplung.00397.2004
https://doi.org/10.1152/ajplung.00397.2004
https://doi.org/10.1111/j.1440-1843.2010.01897.x
https://doi.org/10.1111/j.1440-1843.2010.01897.x
https://doi.org/10.1111/j.1440-1843.2010.01897.x
https://doi.org/10.1111/j.1440-1843.2010.01897.x
https://doi.org/10.1165/rcmb.2016-0252oc
https://doi.org/10.1165/rcmb.2016-0252oc
https://doi.org/10.1165/rcmb.2016-0252oc
https://doi.org/10.1165/rcmb.2016-0252oc
https://doi.org/10.1165/rcmb.2016-0252oc
https://doi.org/10.1097/inf.0000000000000758
https://doi.org/10.1097/inf.0000000000000758
https://doi.org/10.1097/inf.0000000000000758
https://doi.org/10.1097/inf.0000000000000758
https://doi.org/10.1097/inf.0000000000000758
https://doi.org/10.1017/s0950268815000953
https://doi.org/10.1017/s0950268815000953
https://doi.org/10.1017/s0950268815000953
https://doi.org/10.1017/s0950268815000953
https://doi.org/10.1017/s0950268815000953
https://doi.org/10.4049/jimmunol.1302007
https://doi.org/10.4049/jimmunol.1302007
https://doi.org/10.4049/jimmunol.1302007
https://doi.org/10.4049/jimmunol.1302007
https://doi.org/10.4049/jimmunol.1302007
https://doi.org/10.1016/j.virol.2017.01.017
https://doi.org/10.1016/j.virol.2017.01.017
https://doi.org/10.1016/j.virol.2017.01.017
https://doi.org/10.1016/j.virol.2017.01.017
https://doi.org/10.1016/j.virol.2017.01.017
https://doi.org/10.1128/jvi.06757-11
https://doi.org/10.1128/jvi.06757-11
https://doi.org/10.1128/jvi.06757-11
https://doi.org/10.1128/jvi.06757-11
https://doi.org/10.1128/jvi.06757-11
https://doi.org/10.1164%2Frccm.201108-1462OC
https://doi.org/10.1164%2Frccm.201108-1462OC
https://doi.org/10.1164%2Frccm.201108-1462OC
https://doi.org/10.1164%2Frccm.201108-1462OC
https://doi.org/10.1164%2Frccm.201108-1462OC
https://dx.doi.org/10.1111/irv.12155
https://dx.doi.org/10.1111/irv.12155
https://dx.doi.org/10.1111/irv.12155
https://dx.doi.org/10.1111/irv.12155
https://dx.doi.org/10.1111/irv.12155
https://doi.org/10.1155/2015/176926
https://doi.org/10.1155/2015/176926
https://doi.org/10.1155/2015/176926
https://doi.org/10.1155/2015/176926
https://doi.org/10.1155/2015/176926
https://doi.org/10.1155/2015/176926
https://doi.org/10.1164/rccm.201711-2348oc


     Volume 1 | Issue 1 | 27World J Radiolo Img, 2022

ton, K., Gebretsadik, T., ... & Hartert, T. V. (2018). Infant 
viral respiratory infection nasal immune-response patterns 
and their association with subsequent childhood recurrent 
wheeze. American journal of respiratory and critical care 
medicine, 198(8), 1064-1073.

Copyright: ©2022 Tshetiz Dahal. This is an open-access article 
distributed under the terms of the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction 
in any medium, provided the original author and source are credited.

https://opastpublishers.com

https://doi.org/10.1164/rccm.201711-2348oc
https://doi.org/10.1164/rccm.201711-2348oc
https://doi.org/10.1164/rccm.201711-2348oc
https://doi.org/10.1164/rccm.201711-2348oc
https://doi.org/10.1164/rccm.201711-2348oc

