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Introduction

Cytomegalovirus (CMV) is a ubiquitous herpesvirus that

causes asymptomatic infection in up to 90% of the

healthy adult population. Primary infection or reactiva-

tion in immunocompromised hosts can be associated

with serious morbidity and mortality. It has been esti-

mated that CMV causes symptomatic disease in 35% and

death in 2%, of renal transplant recipients [1]. CMV

infection induces an increase in plasma concentrations of

interleukin (IL)-6, IL-8, tumour necrosis factor (TNF)-a,

Interferon (IFN)-b, and granulocyte-macrophage colony-

stimulating factor (GM-CSF) in renal and liver transplant

recipients [2,3]. During CMV disease, several cytokines,

chemokines and adhesion molecules are released to

recruit inflammatory cells for infection control [4]. In a

murine model of ovalbumin (OVA)-induced allergic

airway disease, murine cytomegalovirus (MCMV) infec-

tion altered T helper (Th)1/Th2 cytokine expression and

decreased bronchoalveolar lavage (BAL) fluid eosinophilia.

The decline in BAL fluid eosinophilia was associated with

a change in lung Th1/Th2 cytokine profiles [5].

Interleukin-17 is a CD4+ Th cell-derived cytokine that

was identified originally as cytotoxic T lymphocyte

(CTL)-associated antigen 8. It has a proinflammatory role

and has been implicated in post-transplantation rejection

and respiratory diseases [6–8], as it induces the expres-

sion of many mediators of inflammation [9]. Recent

reports indicate that IL-17 is critical in the clearance of

several pathogens, including certain viruses [10,11], bacte-

ria [12,13] and fungi [14,15].

Cytomegalovirus-induced pneumonia is recognized as a

major cause of mortality in immunocompromised

patients and is a significant impediment to successful
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Summary

We hypothesized that the T helper (Th)17 response plays an important role in

murine cytomegalovirus (MCMV) interstitial pneumonia. BALB/c mice with

skin grafts from C57/BJ6 mice were intranasally inoculated with 1.0 · 105 PFU

MCMV. Lung tissues and skin grafts were histologically evaluated and expres-

sion of interleukins (IL)-17, -6 and -8, monocyte chemotactic protein (MCP)-1

and interferon (IFN)-c in serum and bronchoalveolar lavage (BAL) fluid, intra-

cellular IL-4, -17, and IFN-c, in spleen lymphocytes were analysed. The levels

of IL-17 in the serum and BAL fluid were significantly higher in MCMV-

infected mice versus not-infected mice (P = 0.0286 and P = 0.007, respectively)

and the BAL levels of IL-17 peaked in 9 days (P = 0.001). The IL-17 level in

the BAL was correlated with the grade of lung interstitial inflammation

(r = 0.554, P = 0.0144). Serum IFN-c levels were also higher after infection

than that in the not-infected mice (P = 0.0286). IL-17 production increases

locally and systemically during MCMV interstitial pneumonia. Neutralization

of IL-17 significantly suppressed lung inflammation at day14 as assessed by his-

tology. These findings suggest that IL-17 is important in the pathology of

MCMV interstitial pneumonia.
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organ transplantation. Although murine cytomegalovirus

infection can induce a multifunctional CD4+ T-cell

response and a substantial percentage of the MCMV-spe-

cific CD4 T-cell population produces IL-17 upon peptide

stimulation [16], very little is known about the role of

this cytokine in the context of viral infection and trans-

plantation. In this study, we report that the Th17

response and the dynamic evolution of IL-17 associated

with pathological changes affect the replication of MCMV

and the occurrence of interstitial pneumonia in allogeneic

skin transplant BALB/c mice after intranasal inoculation

of the virus.

Materials and methods

Animals

Six- to eight-week-old specific pathogen-free female

BALB/c and C57Bl/6J mice (weighing 15–20 g) were pur-

chased and kept in the pathogen-free mouse room in the

experimental animal center of Sun Yat-sen University.

The animal use protocol has been reviewed and approved

by the Institutional Animal and Use Committee of Sun

Yat-Sen University.

Skin grafting

Using trunk skin from donor mice (C57Bl/6J), skin allo-

grafts were performed according to previous descriptions

[17]. A square graft (approximately 10 mm · 10 mm) was

placed on a graft bed prepared on the flank of a BALB/c

recipient. The graft was covered with protective bandages

for 8 days. Allograft recipients received intraperitoneal

injections of cyclosporin A (CsA; Novartis Pharma, KG,

Germany, 20 mg/kg/day) daily throughout the study.

Rejection was considered to occur when grafts exhibited

dark discoloration, scabbing and necrotic degeneration.

Virus propagation and intranasal inoculation

The Smith strain of MCMV was routinely propagated on

BALB/c mouse embryo fibroblasts (MEFs), maintained in

Dulbecco’s modified Eagles medium (DMEM, Gibco,

Invitrogen Corporation, CA, USA) containing 10% fetal

bovine serum (FBS) (Gibco, Invitrogen Corporation, CA,

USA), 100 U/ml penicillin and 5 lg/ml streptomycin

(Gibco, Invitrogen Corporation, CA, USA).

On the 5th day after grafting, the mice were weighed

and lightly anesthetized with ether, and 1.0 · 105 PFU of

virus were injected intranasally (n = 17, MCMV-infected

group). Control animals were inoculated in parallel with

an equal volume of virus-free medium (n = 17, not-

infected group). Infected animals were housed in isolation

apart from control animals.

Neutralizing antibodies for IL-17

BALB/c mice with MCMV infection were treated with

intraperitoneal injections of 100 lg of normal rat IgG

(n = 10, eBioscience, CA, USA) or rat anti-mouse IL-17

(n = 10, eBioscience) at day 0 and day 7 after MCMV

infection. Blood, lung tissues and spleens were collected

at 9 and 14 days p.i from five infected mice. The values

of body weight were recorded at the same time.

Determination of cytokine and chemokine levels

At various times after virus inoculation, four to five

BALB/c mice were sacrificed by ophthalmectomy. The left

lungs from each animal were lavaged in situ with 400 ll

sterile saline and the returned fraction (approximately

200 ll) was immediately centrifuged at 500 rpm for

10 min at 4 �C. The supernatants were used for measure-

ment of cytokines and chemokines using ELISA, according

to the recommendations of the manufacturer. IL-21, IL-

23, transforming growth factor beta (TGF-b), IL-6, IFN-c,

human monocyte-chemoattractant protein-1 (MCP-1),

IL-8, and IL-17 ELISA kits were all purchased from R&D,

MN, USA. The results are expressed as pg/ml of BAL and

serum. In addition, blood was collected from skin trans-

plant recipient mice via retro-orbital bleeding and serum

was separated before and after MCMV inoculation.

Histological and immunohistochemical analysis

The unmanipulated, noninflated, right lungs were

removed from animals and dissected into several parts;

some were fixed in 4% buffered paraformaldehyde solu-

tion and embedded in paraffin and the others were used

for DNA and RNA extraction. Tissue sections were

stained with H&E to assess general morphology by the

Department of Pathology at the First Affiliated Hospital

of Sun Yat-sen University. Each specimen was scored

using the following criteria [18]: 0 = normal lung,

0.5 = 1 or 2 foci of 10–20 cells per section, or small areas

with twofold thickened alveolar septa, 1.0 = 3–5 foci of

10–30 cells per section, or widespread areas with twofold

thickened alveolar septa, 2.0 = 5+ foci of 10–50 cells per

section, or two to three fold thickened alveolar septa

throughout the lung, and 3.0 = 5+ foci of 10–100 cells

per section, or three to four fold thickened alveolar septa

throughout the lung.

The anti-murine (m)IL-8 and anti-mIL-6 antibodies

were purchased from R&D systems (Minneapolis, MN,

USA). Anti-mIL-17 monoclonal antibodies (mAb) were

purchased from Santa Cruz Biotechnology (Santa Cruz,

CA, USA). The sample collection and immunohistochem-

ical staining were performed as described previously [7].
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PCR, RT-PCR

PCR was performed as previously described [19] using a

genomic DNA Kit (Invitrogen, CA, USA) for DNA

extraction, according to the manufacturer’s instructions.

For RNA extraction, fresh tissues were sonicated in Trizol

reagent (Invitrogen) to disrupt the tissue and the RNA

was purified according to the directions of the manufac-

turer. Reverse transcriptase PCR (RT-PCR) analysis for

the MCMV IE1-RNA and DNA was performed according

to the method described previously [20].

Intracellular cytokine staining and flow cytometry

Splenocytes were harvested from mice and single cell sus-

pensions were prepared followed by lysis of red blood cells.

Intracellular cytokine staining was performed using the

Th1/Th2/Th17 Phenotyping Kit (BD Pharmingen�, NJ,

USA). In brief, lymphocyte suspensions from spleens of

MCMV-infected mice were stimulated with 50 ng/ml

of phorbol-12-myristate-13-acetat (Merck, NJ, USA) and

1 lg/ml of ionomycin (Merck) for 5 h at 37 �C in the

presence of Protein Transport Inhibitor (BD GolgiStop�,

NJ, USA). The lymphocytes were washed twice in phos-

phate buffered saline and adjusted to a density of 1 · 106/

ml. The cells were fixed with 1 ml of fixation solution (BD

Cytofix�, NJ, USA) and incubated in the dark at room

temperature for 30 min. After washing with permeabiliza-

tion buffer, the cells were resuspended and immuno-

stained. Th1, Th2 and Th17 subsets were acquired and

analysed using a FACSCalibur (Becton Dickinson, NJ,

USA) with CellQuest Pro software (Becton Dickinson).

Statistical analysis

The chi-square test or one-way anova was used to ana-

lyse the statistical significance of the observed differences

between two groups. In time course studies, one-way

anova was used, followed by LSD post hoc analysis. Pear-

son correlation analysis was used to study the correlation

between two variables. The Kaplan–Meier method was

used to compare survival curves of the studied groups.

All data were expressed as the mean ± SEM. A P value of

0.05 or less was considered significant. All analyses were

performed using Graphpad Prism 5.0 software (GraphPad

Software, Inc. San Diego, CA, USA).

Results

Establishing a protocol for MCMV interstitial

pneumonia in mice with skin transplants

Some previous studies have reported that IL-17 levels are

increased in an allograft transplant model [6,7,21]. The

major goal of this study was to determine the change in

IL-17 in mice with skin transplant that have MCMV

interstitial pneumonia. Thus, the time course of IL-17

levels in skin transplant mice treated with CsA was mea-

sured using ELISA before MCMV infection. As shown in

Fig. 3a, serum IL-17 persists at a low level for 2 weeks

and has no significant difference over several days post-

transplant (P = 0.4159). Based on these findings, mice

were infected with MCMV 5 days after skin transplanta-

tion. Thus, the time course for collecting samples used in

previous studies on MCMV interstitial pneumonia was

followed [18,22].

Histological evaluation of interstitial pneumonia

and viral replication

To confirm that the mouse model was a useful model of

MCMV interstitial pneumonia, we histologically analyzed

the lungs of infected mice. Lung tissues from MCMV-

infected mice were markedly impaired compared with

control mice and displayed dense inflammatory foci. Nine

days after infection, the inflammatory foci had diffused

through the lung parenchyma. The alveolar walls had

become thickened and caused focal, diffuse diminution or

obliteration of alveolar space. Concurrent with these

changes, a diffuse infiltration of monocytes had spread

through the parenchyma. No lung abnormalities were

noted in the not-infected mice. Histological scoring indi-

cated that the lungs of infected mice had significant inter-

stitial inflammation (Fig. 1c).

Our latest studies demonstrated that IL-17 contributed

to MCMV interstitial pneumonia and the lungs on day 9

displayed significantly higher scores compared with days

5 and 21 (unpublished data). To further investigate the

relationship between IL-17 and MCMV interstitial pneu-

monia, we studied whether neutralization of IL-17 would

protect mice from MCMV-induced interstitial pneumo-

nia. It was found that IL-17mAb alleviated the severity of

interstitial pneumonia (Fig. 1a). Histological analysis of

lung sections revealed that MCMV-infected mice devel-

oped severe interstitial pneumonia on day 9 with inflam-

mation of lung tissue, whereas IL-17mAb led to a relief of

lung inflammation on day 14 (Fig. 1c).

When allogeneic skin-transplanted mice were infected

intranasally with 1.0 · 105 PFU MCMV, RT-PCR studies

revealed that MCMV IE-1 DNA and MCMV IE-1 RNA

had appeared in lung tissue as early as 5 days post-infec-

tion (Fig. 2). In addition, RT-PCR was performed to

detect expression in the kidney, liver, skin graft, and sali-

vary gland at each time point throughout the study, and

the results were consistent with the results seen for the

lungs. These data confirm that this mouse model can be

used for analysis of interstitial pneumonia.
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Increased levels of serum cytokines and chemokines

during MCMV interstitial pneumonia

Changes in serum IL-17 levels were examined over time

(Fig. 3a). The serum IL-17 levels in mice with MCMV

interstitial pneumonia were significantly higher than those

of not-infected mice (P = 0.0286, Table 1). The IL-17

level on day 9 had increased to 53.90 pg/ml and was

higher than that on other days, although this difference

was not statistically significant (F = 0.316, P = 0.858).

As shown in Fig. 3b and c, the serum IL-8 and MCP-1

levels in infected mice were higher than in not-infected

mice (P = 0.0286, P = 0.0286, respectively, Table 1).

However, the difference in both IL-8 and MCP-1 between

the indicated days after MCMV infection was not signifi-

cant (F = 0.225, P = 0.875).

The serum IFN-c levels in infected mice increased and

peaked on day 9 after infection (Fig. 3d) and the differ-

ence was statistically significant between the groups

(P = 0.0286). Moreover, the IFN-c levels on both day 5

and day 9 were higher than that in not-infected mice,

respectively (144.43 ± 14.21 vs. 38.98 ± 14.76, P = 0.001;

243.51 ± 103.34 vs. 45.64 ± 15.83, P = 0.024, respec-

tively).

Serum IL-6 levels were not different between infected

mice and not-infected mice (P = 0.809).
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Figure 1 IL-17mAb reduces disease severity in skin transplant mice infected with 1.0 · 105 PFU of MCMV. (a) The pathological score is lower in

MCMV-infected mice treating with IL-17 mAb on day 14. (b) Immunohistochemical staining using anti-IL-6 and anti-IL-8 mAb, showing scattered

expression of IL-6 and IL-8 in lung tissue from MCMV-infected mice compared with not-infected mice (magnification ·200). (c) The results of his-

topathology (magnification ·200) and immunohistochemistry (magnification ·200) in lung tissue show that IL-17 distributes in the lesions with

inflammation and neutralization of IL-17 mAb makes the lesions restricted. *P < 0.05 versus not-infected and Isotype control group. Values are

means ± SEM of four to five animals per group at different stages. MCMV, murine cytomegalovirus; IL, interleukin; mAb, monoclonal antibody.

Figure 2 Lung tissues of recipients were evaluated for MCMV-IE1 DNA and MCMV-IE1 RNA by RT-PCR 5 days after MCMV infection. Lung

tissues from MCMV-infected recipients show definitive molecular MCMV replication. MCMV, murine cytomegalovirus; RT-PCR, reverse transcrip-

tase PCR.
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Increased levels of cytokines and chemokines in BAL

fluid during MCMV interstitial pneumonia

There was also an obvious trend towards higher IL-17

levels in the BAL of MCMV interstitial pneumonia mice

than of not-infected mice, as shown in Fig. 4a (P = 0.007,

Table 1). Moreover, the BAL fluid level of IL-17 on day 9

was higher than on days 5, 14 or 21 (F = 47.651,

P = 0.001). The BAL fluid level of IL-17 in MCMV intersti-

tial pneumonia mice was higher than the serum level of

IL-17, but there was no statistical significance (P = 0.2000).

The levels of IL-8 in the BAL fluid of MCMV intersti-

tial pneumonia mice were higher than those of not-

infected mice (P = 0.0286, Table 1). More importantly,

the BAL fluid levels of IL-8 were higher on day 9 than

the expression levels on days 14 or 21 after MCMV infec-

tion (64.96 ± 30.00, 31.65 ± 12.32 and 24.08 ± 0.84;

P = 0.015, P = 0.004, respectively; Fig. 4b).
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Figure 3 Serum expression levels of cytokines and chemokines were altered in MCMV-infected mice. Serum was recovered from MCMV-infected

and not-infected mice after 5, 9, 14 and 21 days of MCMV infection. The samples were assayed for IL-17 (a), post-transplantation (b), after

MCMV infection, IL-8 (c), MCP-1 (d) and IFN-c (e) by ELISA. The serum levels of IL-17, IL-8, IFN-c and MCP-1 were increased in MCMV-infected

mice compared with not-infected mice. However, the expression differences in infected mice between days were not significant. Serum IFN-c

levels in MCMV-infected mice on day 5 and 9 were higher than in not-infected mice. Results are expressed as mean ± SE of four to five animals

per group at different stages. MCMV, murine cytomegalovirus; IL, interleukin; MCP-1, monocyte-chemoattractant protein-1; IFN, interferon.

Table 1. Serum and BAL fluid analysis of cytokines and chemokines from MCMV-infected mice.

Group

Not-infected MCMV-infected

Serum BAL Serum BAL

IL-17 (pg/ml) 6.94 ± 2.57 18.42 ± 17.63 37.52 ± 12.05* 42.49 ± 17.50**

IL-8 (pg/ml) 23.60 ± 2.21 18.20 ± 1.14 40.57 ± 7.87* 39.65 ± 17.80*

IL-6 (pg/ml) 6.08 ± 3.43 5.92 ± 2.80 6.12 ± 1.22 8.23 ± 5.73

IFN-c (pg/ml) 60.09 ± 21.77 184.7 ± 64.24*

MCP-1 (pg/ml) 0.56 ± 0.09 0.51 ± 0.19 1.08 ± 0.30* 1.09 ± 0.45*

Data are presented as mean ± SD. BAL, bronchoalveolar lavage; MCMV, murine cytomegalovirus; IL, interleukin; IFN, interferon; MCP, monocyte

chemotactic protein.

*P < 0.05 for MCMV-infected mice versus not-infected mice; **P < 0.01 for MCMV-infected mice versus not-infected mice.
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Levels of MCP-1 in BAL fluid were increased in

MCMV-infected mice (P = 0.022, Fig. 4c). Furthermore,

the BAL MCP-1 levels on day 9 were higher than on days 5

or 21 after MCMV infection (P = 0.011, P = 0.009, respec-

tively).

Similarly to serum levels, the BAL fluid levels of IL-6

were not significantly different between the two groups.

Correlation analysis for IL-17 with other cytokines

in serum and BAL fluid

To investigate the correlation of IL-17 levels with those of

other cytokines, we performed correlation analysis. The

levels of IL-17 in BAL fluid were positively correlated

with the levels of IL-8 and MCP-1 in BAL, respectively

(r = 0.6152, P = 0.033, Fig. 5a; r = 0.782, P = 0.022,

Fig. 5b).

The IL-17 level in BAL was correlated with the grade

of lung interstitial inflammation (r = 0.662, P = 0.0038;

Fig. 5c). The degree of lung inflammation strongly corre-

lated with the IL-17 levels at 5 and 9 days after MCMV

infection (r = 0.972, P = 0.028; r = 0.977, P = 0.004).

Expression of cytokines in lung tissues from infected

mice

We investigated the expression of IL-17, IL-6 and IL-8 in

lungs from MCMV-infected mice by immunohistochemi-

Figure 4 Serial changes of IL-17 (a), IL-8 (b) and MCP-1 (c) were measured in BAL fluid from 5 to 21 days after MCMV infection. *represents

the difference between the MCMV-infected mice and not-infected mice was statistically significant (P < 0.05). Results show mean ± SEM of four

to five animals per group at different stages. IL, interleukin; MCP-1, monocyte-chemoattractant protein-1; BAL, bronchoalveolar lavage; MCMV,

murine cytomegalovirus.

Figure 5 IL-17 and IL-8 levels were measured in serum and BAL fluid after MCMV infection. Correlation between (a) IL-17 and IL-8 in BAL fluid

(r = 0.6152, P = 0.033), (b) IL-17 and MCP-1 in BAL (r = 0.782, P = 0.022) and (c) IL-17 level in BAL and the grade of lung interstitial inflamma-

tion (r = 0.5514, P = 0.0144). Four to five mice were investigated per group at different stages. IL, interleukin; BAL, bronchoalveolar lavage;

MCP-1, monocyte-chemoattractant protein-1.
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cal staining. On day 9, there was no detectable IL-17 in

lung tissues from not-infected mice (Fig. 1c). However,

abnormal expression of IL-17 was detected in lung tissues

from MCMV-infected mice. Consistent with IL-17 expres-

sion, both IL-6 and IL-8 were extensively expressed in

lung tissues from MCMV-infected mice compared with

not-infected mice (Fig. 1b).

Cytokine expression profiles of CD4 T cells after MCMV

infection

CD4 T cells play a very important role in MCMV infec-

tion. To determine levels of intracellular IL-17 and IFN-c,

we examined intracellular cytokines staining after MCMV

infection by the re-stimulation of splenocytes (Fig. 6). We

found that the percentage of IL-17+ CD4 T cells in the

spleens of mice with MCMV infection was higher than in

the not-infected mice (0.71 ± 0.81% vs. 0.05 ± 0.06%,

P = 0.026). IFN-c+ CD4 T cells were also significantly

increased in spleens of mice over the course of infection

compared with not-infected mice (5.34 ± 4.43% vs.

1.52 ± 1.68%, P = 0.025). The percentage of IL-17+ lym-

phocytes in the spleens of mice on day 9 was higher than

5 days after MCMV infection (11.06 ± 1.32% vs.

1.59 ± 0.87%, P = 0.000). The expression of IL-4 in the

two groups was not significantly different (P > 0.05).

Treating these mice with IL-17mAb reduced the prolifera-

tion of IL-17+ CD4 T cells in the presence of MCMV

infection.

Differentiation factors of Th17 cells after MCMV

infection

In the study, we found that the difference of serum IL-6

level between the infected and not-infected group was not

significant. Therefore, other differentiation factors expres-

sion levels, such as IL-21, IL-23, TGF-b, in mice serum

were determined. As shown in Table 2, the IL-21 level

was not different between the two groups, but the TGF-b
level in MCMV-infected mice was lower than in not-

infected mice (P = 0.002).The IL-23 level in MCMV-

infected mice was higher than in not-infected mice

(P = 0.003).

Skin allograft survival time

Histological evaluations were performed by hematoxylin

and eosin staining on paraformaldehyde-fixed, paraffin-

embedded sections of skin grafts from MCMV-infected

mice. The skin grafts of infected mice demonstrated dense

inflammation at 9 days after MCMV infection. Immuno-

histochemical staining using an anti-IL-17 antibody

detected scattered expression in skin grafts 9 days after

MCMV infection (Fig. 7). In agreement with the expres-

sion seen in lung tissues with MCMV infection, IL-6 and

IL-8 demonstrated scattered expression in skin grafts

9 days after MCMV infection. However, these cytokines

are presented sporadically in skin allograft from not-

infected mice (Fig. 7).
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Figure 6 Flow cytometry analysis of Th1/Th2/Th17 subsets in each group. The total population of splenocytes was gated using the forward scat-

ter channel/side scatter channel profile and CD4 positive expression. The gated CD4+ T-cell population was chosen to analyse cytokine expression.
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staining are representative of four or five mice per group from at least two separate experiments for per group at different stages. Numbers in

quadrants indicate the per cent of IL-17+ T cells and IFN-c+ T cells after cell division. IL, interleukin; IFN, interferon.

Table 2. Serum levels of differentiation factors after MCMV

infection.

Group

Not-infected MCMV-infected

IL-21 (pg/ml) 205.04 ± 110.89 166.23 ± 46.89

IL-23 (pg/ml) 38.09 ± 34.84 89.45 ± 25.64*

TGF-b (pg/ml) 544.16 ± 68.52 230.88 ± 98.51*

Data are presented as mean ± SD. MCMV, murine cytomegalovirus;

IL, interleukin; TGF-b, transforming growth factor beta.

*P < 0.05 for MCMV-infected mice versus Not-infected mice.
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To investigate the influence of MCMV infection on

skin allograft survival time, the skin allograft survival time

of six mice in each group was recorded. The survival

curve of skin allografts was calculated (Fig. 8). The med-

ian survival time of skin allograft in MCMV-infected

mice was shorter than not-infected mice (14 days vs.

17 days, P = 0.0038). The survival curves were signifi-

cantly different between the two groups (v2 = 8.427,

P = 0.0037, Hazard ratio = 0.1171). By 14 days after

infection, most of the skin grafts had been rejected. In

addition, the growth of MCMV-infected mice, as mea-

sured by body weight, was slower than that of not-

infected mice (F = 10.492, P = 0.002).

Discussion

The main result of the preliminary data described here

demonstrates that MCMV infection results in the produc-

tion of IL-17, which regulates the immune response as

well as the development of lung lesions over the course of

interstitial pneumonia. Moreover, IL-17 regulates the

expression of inflammatory cytokines and chemokines in

the lung. IL-17 might play an important role in the devel-

opment of MCMV interstitial pneumonia after allogeneic

transplantation.

A critical step to study the dynamic evolution of IL-17

is the selection of appropriate time points at which to

collect samples. An important consideration is the patho-

logical variation of the lung over time, as demonstrated

by Price et al. [18]. In the current study, the authors

identified a fixed time point for evaluation that repre-

sented the typical lung pathological characteristics of

MCMV interstitial pneumonia. Given the influence of

allogeneic transplantation on IL-17 [21], we chose to

detect serum IL-17 levels in allogeneic skin transplant

mice before MCMV infection. These results indicated that

serum IL-17 levels were low and did not differ over vari-

ous days after transplantation, allowing for statistically

adequate comparison between MCMV-infected and con-

trol mice.

Interferon-c produced by Th1 cells had been identified

as responsible for a wide range of autoimmune and

inflammatory diseases. In agreement with previous studies

[23], we also found an increase in serum IFN-c levels

after MCMV infection in this model, although CsA can

block lymphocyte activation by preventing the transcrip-

IL-17 IL-6 IL-8

N
ot

-i
nf

ec
te

d
In

fe
ct

ed

Figure 7 IL-17, IL-6 and IL-8 are presented in skin allograft 9 days after MCMV infection. Immunohistochemical staining using an anti-IL-17, anti-

IL-6 and anti-IL-8 monoclonal antibody showed scattered expression of IL-17, IL-6, and IL-8 in skin allograft from MCMV-infected mice. However,

these cytokines are presented sporadically in skin allograft from not-infected mice (magnification ·200). IL, interleukin; MCMV, murine cytomega-

lovirus.
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Figure 8 MCMV infection shortened the skin allograft survival time

compared with not-infected mice (14 days vs. 17 days, P = 0.0037).

MCMV, murine cytomegalovirus.
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tion of c-interferon genes [24]. Strikingly, the IFN-c lev-

els on both days 5 and 9 after infection were higher than

those of not-infected mice and then rapidly decreased.

This trend in serum IFN-c levels was compatible with

previously reported IFN-c expression in spleen lympho-

cytes after MCMV infection [16]. Recent studies have

shown that IFN-c can negatively affect IL-17 expression

[25]. However, we did not observe this correlation

between IL-17 and IFN-c in this study. Interestingly, CsA

alone or combined with corticosteroids was able to signif-

icantly inhibit the expression of IL-17 and IFN-c in vivo

and in vitro, which correlated with suppression of clinical

disease activity [26–29]. Thus, how IL-17 regulates the

expression of IFN-c in MCMV interstitial pneumonia can

only be speculated on at the moment.

Intriguingly, in agreement with CMV disease data from

the solid organ transplantation and mouse bronchiolitis

obliterans (BO) models [30,31], we did not observe an

effect of MCMV infection on the concentrations of IL-6,

a typical pro-Th17 cytokine, although it was detected in

lung tissue by immunohistochemical staining. These

results suggest that a specific local environment can sup-

port Th17 function, which might play a role in MCMV

infection. However, IL-6 could be replaced by IL-21

(secreted by Th17 cells themselves) because an alternative

IL-6-independent but still STAT3 and IL-21-dependent

pathway of Th17 differentiation has also been described

[32]. This last point underscores the importance of IL-21,

which is considered an autocrine factor involved in Th17

generation, not only through the up-regulation of its own

production but also by inhibiting IFN-c production by

Th1 cells and by inducing the expression of IL-23 recep-

tor on Th17 cells [33,34]. In addition, TGF-b has also

been identified as a key cytokine necessary for the induc-

tion of regulatory T cells (Tregs) from naive T cells and

is produced by Tregs themselves [35]. More importantly,

the presence of TGF-b producing Tregs in an inflamma-

tory environment may favour the generation of proin-

flammatory Th17 cells, a situation that is potentially

significant in the context of transplantation [36]. In this

study, the level of IL23 was increased along with the

reduction of circulating TGF-b level after MCMV infec-

tion. Thus, we conclude, on the basis of induced by allo-

antigen and MCMV infection, activated CD4+ T cells

differentiate into Th17 cells upon exposure to IL-23,

which promotes the production of IL-17 by activated T

cells [37].

Interleukin-8, the major neutrophilic chemoattractant,

has been identified as an important trigger in the onset

and progression of Bronchiolitis Obliterans Syndrome

(BOS) [38]. Both in vitro and in vivo, IL-17 is capable

of inducing neutrophil migration and activation, most

likely through the release of IL-8 [39,40]. MCP-1,

which recruits circulating monocytes to sites of inflam-

mation, has been recognized as an inflammatory

chemokine that is present during acute and chronic

lung inflammation. In this study, similar to previously

reported results in various acute or chronic lung dis-

eases [6,41,42], serum MCP-1 and IL-8 expression was

increased after MCMV infection; these levels were posi-

tively correlated with IL-17 levels. Moreover, the differ-

ences in IL-8 and MCP-1 expression in BAL fluid were

more significant than in serum and both were posi-

tively correlated with IL-17 level. Although we did not

specifically test for infiltration of inflammatory cells

into the lungs, we suppose that local stimulation by

IL-17-producing Th17 cells could directly or indirectly

contribute to expression of these cytokines in lung tis-

sues and to the progression of interstitial pneumonia

through neutrophils and monocytes.

Several studies have shown that acute MCMV infection

during the peri-transplant period can lead to allograft

rejection [43], vasculopathy [44–46] and accelerated rejec-

tion [47,48]. In this study, the median survival of skin

allografts in MCMV-infected mice was shorter than in

control mice. Therefore, our results are consistent with

those previously reported. Thus, acute MCMV infection

after transplantation may accelerate skin allograft rejec-

tion, which may be induced by the Th17 response.

In summary, we have convincingly demonstrated that

IL-17 is increased both in the BAL fluid and in the serum

during post-transplant MCMV interstitial pneumonia and

is correlated with the progression of pneumonia. IL-17

may play a major role in the development of MCMV

interstitial pneumonia and merits further attention as to

its role in disease progression. IL-17 may be an important

signal of disease development and prognosis. However,

the significance of IL-17 in MCMV interstitial pneumonia

will require further investigation.
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