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Chlamydophila pneumoniae is a common cause of

respiratory infections. Infection with this obliga-

tory intracellular pathogen may remain chronic

in some individuals, and may be associated with

several serious disorders such as asthma, chronic

obstructive pulmonary disease and ischemic heart

disease.1–3 Hahn and colleagues were the first 

to report an association between infection with 

C. pneumoniae and the development of asthma.4

Since then, increasing evidence has suggested that

Chronic and Repeated Chlamydophila
pneumoniae Lung Infection can Result 
in Increasing IL-4 Gene Expression and
Thickness of Airway Subepithelial 
Basement Membrane in Mice
Chiung-Zuei Chen,1 Bei-Chang Yang,2 Tsun-Mei Lin,3 Cheng-Hung Lee,1 Tzuen-Ren Hsiue1*

Background/Purpose: Chlamydophila pneumoniae infection has been associated with several pulmonary
and cardiac diseases. However, it has not been explored for its ability to activate the same immunopatho-
logic mechanisms of asthma, namely, a predominant Th2 immune response and structural changes that
are termed airway remodeling. This study evaluated immune responses in the lung and airway pathology
of BALB/c mice with chronic and repeated C. pneumoniae infections.
Methods: Mice were inoculated intranasally with 5 × 106 inclusion-forming units of C. pneumoniae TWAR
strain, and re-inoculated at 14 and 42 days after the primary inoculation. Cytokine gene expression in
bronchoalveolar lavage (BAL) cells was analyzed by RT-PCR on day 70. Airway pathology was also evaluated
by morphometric measurements.
Results: A significant increase of interleukin (IL)-4 mRNA was detected in BAL cells in infected mice, and
a significant increase in subepithelial basement membrane thickness of the airways was also noted in 
infected mice as compared with control mice (8.95 ± 0.28 μm vs. 5.54 ± 0.22 μm, p < 0.0001). We further
analyzed the correlation between IL-4 cytokine expression and the increased subepithelial basement
membrane thickness of airways in infected mice. We found that mice with increased IL-4 mRNA expres-
sion had significant increases in the thickness of subepithelial basement membrane as compared with
mice without increased IL-4 mRNA expression (9.87 ± 0.51 μm vs. 6.49 ± 0.52 μm, p < 0.0001).
Conclusion: It is believed that our results demonstrated for the first time that chronic and repeated infec-
tions with C. pneumoniae increased IL-4 gene expression and thickness of airway subepithelial basement
membrane in mice. [J Formos Med Assoc 2009;108(1):45–52]
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persistent lung infection caused by C. pneumoniae

is associated with the initiation, exacerbation and

promotion of asthma.5–7 However, a causal rela-

tionship between C. pneumoniae infection and

asthma remains to be established.

Asthma is a chronic inflammatory disease of

the lung, characterized by airway hyperresponsive-

ness (AHR), and structural changes in the airway

walls. Such airway remodeling includes thicken-

ing of the subepithelial basement membrane, gob-

let cell hyperplasia with mucus hypersecretion,

enlargement of the bronchial smooth muscle mass

and growth of new vessels. Currently available data

suggest that an important mechanism for AHR

and airway remodeling in asthma is the action of

Th2 cytokines.8–11 However, repeated infection

with C. pneumoniae elicits interferon-γ (IFN-γ) pro-

duction in mice, which plays an important role in

the clearance and pathogenesis of C. pneumoniae.12

In addition to IFN-γ, previous studies have re-

ported that C. pneumoniae-infected monocytes pro-

duce interleukin (IL)-10,13 which is a powerful

inhibitor of IFN-γ and an important immuno-

suppressive regulator of cell-mediated immunity

and T-cell differentiation.14 In addition to IL-10,

Burian et al reported that IL-4 has a role in host

defense during acute C. pneumoniae infection.15

A Th2-predominant immune response would be

expected if there is an association between chronic

infection with C. pneumoniae and asthma, but 

a role for Th2 immune responses in chronic 

C. pneumoniae infection has not been established.

IL-4, IL-5 and IL-13 are important Th2 cytokines

that play a central role in bronchial asthma.16–18

In the present study, we analyzed immune re-

sponses, including gene expression of IFN-γ, IL-

4, IL-5 and IL-13, and the associated airway

remodeling in mice with chronic and persistent

C. pneumoniae infection. Our results demonstrated

that chronic and repeated C. pneumoniae lung infec-

tion increased IL-4 gene expression. Moreover, the

increased expression of IL-4 mRNA correlated pos-

itively with the increased thickness of subepithelial

basement membrane of airways in infected mice.

These results revealed that chronic and repeated

lung infections with C. pneumoniae induced Th2

cytokine expression and airway remodeling similar

to the inflammatory responses in human asthma.

Methods

Mice
Specific pathogen-free, 6–8-week-old male BALB/c

mice were obtained from the Laboratory Animal

Center, National Cheng Kung University, Taiwan.

The mice were housed in a micro-isolated cage and

provided with sterile food and water ad libitum.

All procedures were approved by the Animal Re-

search Ethics Board at National Cheng Kung

University.

C. pneumoniae strain and inoculum
preparation
TWAR ATCC strain AR 183 was used for inocula-

tion of mice. The organism was grown in HL

cells and purified by density gradient centrifuga-

tion using diatrizoate meglumine (Hypaque-76;

Winthrop-Breon Laboratories, New York, NY, USA).

The inoculum preparation was resuspended in

sucrose phosphate glutamic acid (SPG) medium

to provide a final inoculum of 1 × 107 inclusion-

forming units (IFU)/mL. These preparations were

frozen at –70°C until use.

Inoculation of mice
Mice were sedated by subcutaneous injection of a

mixture of ketamine and xylazine, and were inoc-

ulated intranasally with 5 × 106 IFU C. pneumoniae

suspended in 0.5 mL SPG medium. Mice were re-

inoculated at 14 days and 42 days after the pri-

mary inoculation. Control mice received 0.5 mL

sterile SPG medium, during primary inoculation

and re-inoculation. A total of 24 mice (experi-

mental mice) received intranasal inoculation of

C. pneumoniae suspension, and six control mice

received inoculation of SPG medium.

Bronchoalveolar lavage (BAL)
BAL was obtained at 70 days after primary inocula-

tion. Two separate doses of 1 mL sterile endotoxin-

free saline were injected into the lung via the
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trachea of each mouse. Approximately 1.8 mL

washing solution was recovered consistently. The

recovered BAL fluid volume was measured and

placed immediately on ice. Cells were sedimented

by centrifugation at 200g for 10 minutes at 4°C.

The supernatants were stored at –70°C until assay.

Histologic examination of lung
Mice were killed by an overdose of pentobarbital

and the whole lung and trachea were removed, and

the left lung was resected for culture of C. pneu-

moniae immediately at day 70. Two milliliters of

formalin fixative was instilled intratracheally until

the surface of the right lung was smooth. After fix-

ation for 2 days, four paraffin-embedded 5-mm

thick sections of the right lung were stained with

hematoxylin and eosin (H&E), and then exam-

ined by microscopy.

Morphometry measurements
The thickness of the subepithelial basement mem-

brane layer of the airways was evaluated by meas-

uring the basement membrane thickness beneath

the bronchial epithelium with H&E stain. We ap-

plied design-based stereology to biopsy analysis of

the thickness beneath the bronchial epithelium

by using an integrated system that includes a micro-

scope, automated microscope stage, video camera,

and computer equipped with stereology software.

Images of the airways under a microscope at 10×
and 20× magnification were captured in the com-

puter by an investigator who was blind to the tis-

sue codes for the study specimen. The thickness of

the subepithelial basement membrane at four dif-

ferent quadrants for each airway cross section was

examined, and the mean of these four measure-

ments was calculated. At least 14 airways were ex-

amined in each mouse, and the mean number of

airways examined was 18 (range, 14–25). All fields

of lung tissue were evaluated for morphometric

analysis.

Isolation of C. pneumoniae in lung tissue
Left lung tissues were homogenized and tested

for the presence of viable C. pneumoniae by inoc-

ulation in HL cells. Cells were grown in a 24-well

cell culture plate. Each sample was inoculated

into three wells and centrifuged at 1500 rpm for

60 minutes and subsequently incubated with

fresh medium that contained 0.6 mg/L cyclo-

heximide. After 3 days, one of the three wells 

was fixed with methanol and stained by FITC-

conjugated TT401. The other two wells were har-

vested and passed to HL cells. The specimens

were regarded as negative if inclusions were not

detected within three passages. In each culture

series, C. pneumoniae was included in parallel as

a positive control.

Semiquantitative RT-PCR
BAL cells were collected and after washing twice

in ice-cold PBS, the cell number was adjusted to

106/mL. Total cellular RNA was extracted by the

RNeasy total RNA kit (Qiagen, Hilden, Germany)

according to the manufacturer’s instructions.

Total RNA was converted to cDNA with Strata

Script H-reverse transcriptase (Stratagene, La Jolla,

CA, USA) and oligo dT as a primer. The gener-

ated cDNA was subjected to 35 cycles of PCR

amplification by a DNA Thermal Cycler (Hybrid

Omnigene, UK). Gene-specific primer pairs (sense

and antisense, respectively) were as follows: IL-4:

5�-ATGGGTCTCAACCCCCAGCTAGT-3� and 5�-

GCTCTTTAGGCTTTCCAGGAAGTC-3�; IL-5: 5�-

GCACAGTGGTGAAAGAGACC-3� and 5�-TTAACT-

GACTACAGGACATAAATA-3�; IL-13: 5�-AGACCA-

GACTCCCCTGTGCA-3� and 5�-TGCACAGGGGAG-

TCTGGTCT-3�; IFN-γ: 5�-TGAACGCTACACACTG-

CATCTTGG-3� and 5�-CGACTCCTTTTCCGCTTC-

CTGAG-3�; and β-actin: 5�-TGGAATCCTGTGG-

CATCCATGAAAC-3� and 5�-TAAAACGCAGCTC-

AGTAACAGTCCG-3�. For PCR amplification, a

100-μL reaction contained 1–3 μL cDNA mixture,

100 pmol for each primer, 2 mM of each dNTP,

1.5 nM of MgCl2, and 2.5 U of Taq DNA poly-

merase. Thirty-five amplification cycles were per-

formed, consisting of denaturation, 94°C for 30

seconds; annealing, 60°C for 45 seconds; and

extension, 72°C for 1 minute. PCR products were

fractionated by agarose gel electrophoresis, stained

with ethidium bromide, and visualized under 

ultraviolet light.
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Statistical analysis
Results were expressed as mean ± standard error

of the mean for the measurements of thickness

of subepithelial basement membrane. Differences

between infected and control groups were analyzed

by Student’s two-tailed t test. Multiple groups were

analyzed by ANOVA test. Differences were defined

as significant if p was < 0.05.

Results

Models of chronic and repeated 
C. pneumoniae lung infections in mice
Four C. pneumoniae-inoculated mice died before

day 70, and only 20 infected and six control mice

underwent the further experiments and were an-

alyzed. On day 70 after primary inoculation, a

chronic type of inflammation with perivascular

and peribronchial lymphocyte infiltration in the

lung was observed in all C. pneumoniae-inoculated

mice (Figure 1). Isolation of C. pneumoniae from

lung tissues was positive in all of the 20

C. pneumoniae-inoculated mice, and all infected

mice had a positive PCR test for C. pneumoniae

DNA (Table 1). No isolation of C. pneumoniae and

negative PCR test for C. pneumoniae DNA were

found for all six control mice.

Chronic and repeated C. pneumoniae lung
infections result in increasing gene 
expression of IL-4
We used RT-PCR to measure the gene expression

of IL-4, IL-5, IL-13 and IFN-γ in BAL fluid cells.

Repeated inoculations with C. pneumoniae re-

sulted in increased gene expression of IL-4

(Figure 2). Twelve of 20 (60%) infected mice had

increased expression of IL-4 mRNA in BAL cells.

No IL-4 mRNA expression was detected in con-

trol mice. In contrast to IL-4, the level of IL-13

and IFN-γ mRNA in BAL fluid cells did not differ

between the two groups (Table 2). No IL-5

mRNA expression was detected in infected or

control mice.
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Figure 1. Histologic examination of lungs (hematoxylin & eosin). (A) Diffuse perivascular and peribronchial lymphoid 
reaction with accumulation of foci of lymphocytes in the lung tissue of C. pneumoniae-infected mice (arrow). Also shows
increased thickness of subepithelial basement membrane layer in the airways of C. pneumoniae-infected mice. 
(B) Almost complete absence of pathologic change in the lung tissue of control mice. Bar = 50 μm.

Table 1. Isolation of C. pneumoniae in lung tissue and PCR test for C. pneumoniae in bronchoalveolar lavage
fluid in infected and control mice

Ratio of positive isolation of Ratio of positive PCR test for
C. pneumoniae in lung tissue C. pneumoniae in BAL fluid

C. pneumoniae inoculated mice 20/20 (100%) 20/20 (100%)
Control mice 0/6 (0%) 0/6 (0%)



Chronic and repeated C. pneumoniae lung
infections result in increased thickness of
subepithelial basement membrane
In order to determine if chronic and repeated 

C. pneumoniae lung infection resulted in increased

thickness of the subepithelial basement mem-

brane layer of the airways, morphometric analysis

was carried out. There was a significant increase

in the thickness of the basement membrane lay-

er, present in the airways of infected mice after

chronic and repeated C. pneumoniae lung infec-

tions (Figure 1). The thickness of the subepithelial

basement membrane layer of the airways in-

creased 1.6-fold in the infected as compared with

control mice (8.95 ± 0.28 μm vs. 5.54 ± 022 μm,

p < 0.0001) (Figure 3A). Mice with increasing IL-4

mRNA expression showed a positive correlation

with the increased thickness of subepithelial

basement membrane in infected mice. The thick-

ness of the subepithelial basement membrane 

in infected mice with increasing IL-4 mRNA 

and no IL-4 mRNA was 9.87 ± 0.51 μm and 6.49 ±
0.52 μm, respectively (p < 0.0001) (Figure 3B).

Neither increasing IFN-γ mRNA nor IL-13 mRNA

revealed a correlation with the thickness of the

subepithelial basement membrane in infected

mice.

Discussion

The cause of intrinsic asthma is not clear, and per-

sistent C. pneumoniae lung infection is speculated

to be associated with initiation or exacerbation

of adult intrinsic asthma. In this study, we devel-

oped a mouse model of chronic and repeated 

C. pneumoniae lung infection, and their patho-

logic changes with perivascular and peribronchial

lymphocyte infiltration, which were similar to

those of previous studies of chronic C. Pneumoniae

infection.19–22 We demonstrated that chronic and

repeated C. pneumoniae lung infection in mice in-

creased IL-4 mRNA expression, and this was cor-

related positively with the increased thickness of

the basement membrane of the airways. These

findings had some similarities with the increased

IL-4 gene expression and airway remodeling in

clinical asthma.

Increased production of IFN-γ and IL-4 have

been observed in a mouse model of acute 

C. pneumoniae lung infection15 and prolonged

ovalbumin challenge in sensitized mice.23 Halme

et al also reported interesting preliminary findings

Chlamydophila pneumoniae and airway remodeling
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Table 2. RT-PCR analysis of cytokine gene expression in bronchoalveolar lavage cells in infected and control mice

Mice with C. pneumoniae Control mice
infection (n = 20) (n = 6)

Ratio of IL-4 mRNA expression 12/20 (60%*) 0/6 (0%)
Ratio of IL-13 mRNA expression 10/20 (50%) 4/6 (66%)
Ratio of IFN-γ mRNA expression 10/20 (50%) 4/6 (66%)
Ratio of IL-5 mRNA expression 0/20 (0%) 0/6 (0%)

*p < 0.01 vs. control mice.

IL-4

a

IFN-γ

β-actin

b c d e
Figure 2. Representative gel shows increased expression
of IL-4 mRNA in bronchoalveolar lavage cells in the first four
samples (a–d) detected by RT-PCR. The first four samples
were collected from infected mice and the last sample 
(e) was from control mice. No IL-4 mRNA expression was
noted in control mice.



that demonstrate IFN-γ and IL-4 mRNA expres-

sion in four human T-cell clones stimulated by

C. pneumoniae antigens.24 In our study, chronic

and repeated C. pneumoniae lung infection was

associated with increased IL-4 mRNA expression

in BAL cells of mice. IL-4 level in BAL cells was

also examined by ELISA in our study; however,

an undetectable concentration was noted in infec-

tion and control groups.

McMillan and Lloyd developed a model of pro-

longed allergen challenge that shares many char-

acteristics with the airway remodeling observed

in human chronic asthma; increased goblet cell

hyperplasia and collagen deposition during the

chronic phase were observed.23 In addition, up-

regulation of IL-4 was noted in their study, which

was similar to our study. We have developed a

model of chronic and repeated C. pneumonia lung

infection, in which coexistent Th1 (IFN-γ) and Th2

(IL-4) responses were detected. IL-4 was found 

to be dominant in the BAL fluid cells during 

the chronic phase, and the increased expression

of IL-4 mRNA correlated positively with the in-

creased thickness of the subepithelial basement

membrane. IL-4 has been described by several 

investigators to be a fibrogenic cytokine and has

been shown to regulate collagen biosynthesis in

fibroblasts.10,11 The increased thickness of the

subepithelial basement membrane in response

to IL-4 is an important characteristic of airway 

remodeling in asthma.

We found increased expression of IL-4 mRNA

in the mouse lung following repeated C. pneumonia

infection, but this result was different from pre-

vious studies. Penttila et al reported that a Th1-

type immune response with IFN-γ production is

characteristic of repeated infections, and have sug-

gested that it plays a major role in the pathogen-

esis of C. pneumoniae infection.12 In contrast, IL-4

immune responses were detected in our study, but

no IL-4 production was detected in their study.

The discrepancy between our findings and those

of Penttila et al may have several explanations.

First, the type of host cells analyzed may affect

the results. C. pneumoniae has been shown to be

able to grow and multiply in several cell types, in-

cluding mucosal epithelial cells, alveolar mac-

rophages, smooth muscle cells, and endothelial

cells.25–27 In our study, the cell profile in BAL fluid

in the initial six infected mice was: lymphocytes,

83.5%; eosinophils, 9.6%; neutrophils, 5.6%; and

macrophages, 1.3%. The study of Penttila et al
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Figure 3. Morphometric analysis of thickness of subepithelial basement membrane of airway. (A) Thickness of the
subepithelial basement membrane of airways was significantly increased in infected mice (n = 20) in comparison with
control mice (n=6). The thickness of the subepithelial basement membrane of airways increased 1.6-fold in the infected mice
compared with control mice (8.95 ± 0.28 μm vs. 5.54 ± 0.22 μm, p < 0.0001). (B) Thickness of subepithelial basement
membrane of airways was significantly increased in infected mice with increases of IL-4 mRNA expression (n = 12), in com-
parison with infected mice without IL-4 mRNA expression (n = 8). The thickness of subepithelial basement membrane in
infected mice with and without increased IL-4 mRNA was 9.87 ± 0.51 μm and 6.49 ± 0.52 μm, respectively (p < 0.0001).



used purified mononuclear cells, which may have

resulted in the loss of some important cytokine-

modulating factors that are directly or indirectly

contributed by other cells. A second possible ex-

planation for the discrepancy is the difference in

the methods used to analyze cytokine presenta-

tion. We measured the gene expression of BAL

cells by RT-PCR, while Penttila et al used ELISA

for cytokine production. ELISA may not be suffi-

ciently sensitive to detect the small amount of cy-

tokines present in pulmonary mononuclear cells.

A third possible reason for the discrepancy is the

differences in the infected doses. In our model,

higher bacterial inocula were administered (5× 106

IFU in our study vs. 1 × 106 IFU in Penttila et al’s

study). Cytokine response in C. pneumoniae infec-

tion has been shown to depend on the concen-

tration of the bacterial inoculum, and inoculation

of a higher concentration of bacteria increases

the release of cytokines.25 Th2-type immune re-

sponse with cytokine production may have been

too weak to be detected using the concentration

of bacteria used by Penttila et al. A high concen-

tration of bacteria also causes more severe inflam-

mation and target organ damage.28 In tuberculosis,

the severity of lung damage determines a predom-

inant Th1- or Th2-type response for milder or

progressive disease, respectively.29 Whether a sim-

ilar immunologic shift occurs in repeated in-

fections of C. pneumoniae should be considered. 

A fourth possible explanation for the discrepancy

was the use of a different C. pneumoniae strain,

which may have initiated different reactions.

Penttila et al used C. pneumoniae isolate Kajaani

6, while C. pneumoniae TWAR 183 was used in this

study. Studies of population antibody prevalence

have shown that > 50% of adults worldwide have

antibody against strain TWAR. It is important to

clarify the effects of differences between strains

when studying the immunopathologic mecha-

nisms of C. pneumoniae infection.

IL-13 plays an important role in the pathologic

changes of asthma.17 In our study, IL-13 mRNA

expression in BAL cells was not increased in com-

parison with controls. In the study of McMillan

and Lloyd, prolonged allergen challenge in mice

caused pathologic changes similar to the airway

remodeling in asthma. Levels of IL-13 in BAL re-

duced during the chronic phase, while IL-4 and

IFN-γ levels significantly increased, but the lung

tissue levels of IL-13 were still elevated.23 The level

of IL-13 mRNA in the lung tissue was not meas-

ured in our study. However, the role of IL-13 in

the pathology of repeated C. pneumoniae lung in-

fection cannot be ruled out and needs further

evaluation.

Airway remodeling is a summary term that

describes structural changes in the airway in

chronic asthma.30 C. pneumoniae lung infection

has not been explored for its ability to cause

these structural changes. By morphometric analy-

sis in our study, the thickness of the subepithelial

basement membrane of the airways increased 1.6-

fold in the infected mice in comparison with the

control mice. In addition, increased IL-4 mRNA

expression correlated positively with the increased

thickness of the subepithelial basement membrane

in infected mice.

In conclusion, we believe that we demon-

strated for the first time that chronic and repeated

C. pneumoniae respiratory infection induced Th2

immune response with increased IL-4 mRNA 

expression, and caused airway remodeling, with

increased thickness of the subepithelial basement

membrane in mice. These findings support spec-

ulation from epidemiologic studies that chronic

C. pneumoniae infection plays some role in the

initiation of intrinsic asthma. Further studies are

required, such as using IL-4 knockout mice and

analysis of cytokine expression in lung tissue of

infected mice, to clarify the causal relationship be-

tween IL-4 gene expression and increased thick-

ness of the subepithelial basement membrane in

chronic C. pneumoniae-infected mice.

Acknowledgments

This study was support by a grant from the

National Science Council (NSC 93-2314-B-006-

051). None of the authors has any financial in-

terests related to the material in the manuscript.

Chlamydophila pneumoniae and airway remodeling

J Formos Med Assoc | 2009 • Vol 108 • No 1 51



References

1. Hammerschlag MR. Chlamydia pneumoniae and the lung.
Eur Respir J 2000;16:1001–7.

2. Branden E, Koyi H, Gnarpe J, et al. Chronic Chlamydia
pneumoniae infection is a risk factor for the development
of COPD. Respir Med 2005;99:20–6.

3. Martin RJ, Kraft M, Chu HW, et al. A link between chronic
asthma and chronic infection. J Allergy Clin Immunol 2001;
107:595–601.

4. Hahn DL, Dodge RW, Golubjatnikov R. Association of
Chlamydia pneumoniae strain TWAR infection with wheez-
ing, asthmatic bronchitis, and adult-onset asthma. JAMA
1991;266:225–30.

5. Von Hertzen LC. Role of persistent infection in the control
and severity of asthma: focus on Chlamydia pneumonia.
Eur Respir J 2002;19:546–56.

6. Hahn DL, McDonald R. Can acute Chlamydia pneumoniae
respiratory tract infection initiate chronic asthma. Ann
Allergy Asthma Immunol 1998;81:339–44.

7. Gencay M, Rudiger JJ, Tamm M, et al. Increased frequency
of Chlamydia pneumoniae antibodies in patients with
asthma. Am J Respir Crit Care Med 2001;163:1097–100.

8. Leigh R, Ellis R, Wattie JN, et al. Type 2 cytokines in the
pathogenesis of sustained airway dysfunction and airway
remodeling in mice. Am J Respir Crit Care Med 2004;169:
860–7.

9. Temann UA, Prasad B, Gallup MW, et al. A novel role for
murine IL-4 in vivo: induction of MUC5AC gene expres-
sion and mucin hypersecretion. Am J Respir Cell Mol Biol
1997;16:471–8.

10. Trautmann A, Krohne G, Brocker EB, et al. Human mast
cells augment fibroblast proliferation by heterotypic cell-cell
adhesion and action oh IL-4. J Immunol 1998;160:5053–7.

11. Postlethwaite AE, Holness MA, Katai H, et al. Human fibro-
blasts synthesize elevated levels of extracellular matrix
proteins in response to interleukin-4. J Clin Invest
1992;90:147–9.

12. Penttila J, Anttila M, Paolakkainen M, et al. Local immune
response to Chlamydia pneumoniae in the lungs of BALB/c
mice during primary infection and reinfection. Infect Immun
1998;66:5113–8.

13. Halme S, Latvala J, Karttunen R, et al. Cell-mediated 
immune response during primary Chlamydia pneumonia
infection. Infect Immun 2000;68:7156–8.

14. Curfs JH, Meis JF, Hoogkamp-Korstanje JA, et al. A primer
on cytokines sources, receptors, effects, and inducers. 
Clin Microbiol Rev 1997;10:742–80.

15. Burian K, Hegyesi H, Buzas E, et al. Chlamydophila pneu-
monia induces histidine decarboxylase production in the
mouse lung. Immunol Lett 2003;89:229–36.

16. Coyle AJ, Le Gros G, Bertrand C, et al. Interleukin-4 is re-
quired for the induction of lung Th2 mucosal immunity.
Am J Respir Cell Mol Biol 1995;13:54–9.

17. Wills-Karp M, Luyimbazi J, Xu X, et al. Interleukin-13: 
central mediator of allergic asthma. Science 1998;282:
2258–61.

18. Humbert M, Durham SR, Ying S, et al. IL-4 and IL-5 mRNA
and protein in bronchial biopsies from patients with atopic
and nonatopic asthma: evidence against intrinsic asthma
being a distinct immunopathologic entity. Am J Respir Crit
Care Med 1996;154:1497–504.

19. Kuo CC. Pathological manifestation of Chlamydia infection.
Am Heart J 1999;138:S496–9.

20. Laitinen K, Alakarppa H, Laurila A, et al. Animal models
for Chlamydia pneumoniae infection. Scand J Infect Dis
1997;104:S15–7.

21. Yang ZP, Kuo CC, Grayston JT. A mouse model of Chlamydia
pneumoniae strain TWAR pneumonitis. Infect Immun
1993;61:2037–40.

22. Kaukoranta-Tolvanen SS, Laurila A, Saikku P, et al. Experi-
mental Chlamydia pneumoniae infection in mice: effect of
reinfection and passive immunization. Microb Pathog 1995;
18:279–88.

23. McMillan SJ, Lloyd CM. Prolonged allergen challenge in mice
leads to persistent airway remodeling. Clin Exp Allergy
2004;34:497–507.

24. Halme S, Saikku P, Surcel HM. Characterization of Chlamydia
pneumoniae antigens using human T cell clones. Scand J
Immunol 1997;45:378–84.

25. Kaukoranta-Tolvanen SS, Teppo AM, Laitinen K, et al.
Growth of Chlamydia pneumoniae in cultured human 
peripheral blood mononuclear cells and induction of a 
cytokine response. Microb Pathog 1996;21:215–21.

26. Von Hertzen LC. Role of persistent infection in the control
and severity of asthma: focus on Chlamydia pneumoniae.
Eur Respir J 2002;19:546–56.

27. Redecke V, Dalhoff K, Bohnet S, et al. Interaction of Chla-
mydia pneumoniae and human alveolar macrophages: in-
fection and inflammatory response. Am J Respir Cell Mol
Biol 1998;19:721–7.

28. Svanholm C, Bandholtz L, Castanos-Velez E, et al. Protec-
tive DNA immunization against Chlamydia pneumoniae.
Scand J Immunol 2000;51:345–53.

29. Dlugovitzky D, Bay ML, Rateni L, et al. In vitro synthesis of
interferon, interleukin-4, transforming growth factor-β
and interleukin-1β by peripheral blood mononuclear cells
from tuberculosis patients: relationship with the severity
of pulmonary involvement. Scand J Immunol 1999;49:
210–7.

30. Fahy JV. Remodeling of airway epithelium in asthma. 
Am J Respir Crit Care Med 2001;164:S46–51.

C.Z. Chen, et al

52 J Formos Med Assoc | 2009 • Vol 108 • No 1


