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Smoking-related interstitial lung diseases (SRILDs) are a group of heterogeneous diffuse pulmonary pa-

renchymal diseases associated with tobacco exposure. Smoking-related interstitial fibrosis (SRIF) is rela-

tively recent, a pathologically defined form of SRILDs. SRIF is characterized by the accumulation of

macrophages in the alveolar spaces, which is associated with interstitial inflammation and fibrosis. The

macrophages frequently contain light brown pigment and are called ‘smoker’s macrophages’. Patients

with SRIF who have clinical evidence of interstitial lung disease are most commonly relatively young,

heavy smokers with abnormalities on chest computed tomography showing ground-glass opacities, pe-

ripheral consolidation, and reticulation. Although SRIF is caused by cigarette smoking, the exact patho-

physiological mechanisms by which smoking causes this type of interstitial fibrosis remain unknown.

The degree of fibrosis and appearance of macrophage aggregates are important points of distinction

when evaluating and diagnosing SRIF. Macrophage heterogeneity, particularly the activation and func-

tion of monocyte-derived alveolar macrophages (Mo-AMs) and interstitial macrophages (IMs), has im-

portant implications for the pathogenesis of SRIF and developing treatments. Further researches focused

on smoker’s macrophages are needed to understand of the pathogenesis of SRIF.

(J Nippon Med Sch 2024; 91: 20―27)
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Introduction

Interstitial lung diseases (ILDs) are a heterogeneous

group of parenchymal lung disorders of unknown etiol-

ogy. The relationship between smoking and a broad

group of ILDs has been recognized increasingly, with a

significant tendency towards overlapping and co-existing

interstitial lung injury and emphysema patterns.

Smoking-related interstitial lung diseases (SRILDs) de-

velop because of smoking. Although respiratory

bronchiolitis-interstitial lung disease (RB-ILD), desquama-

tive interstitial pneumonia (DIP), and Langerhans cell

histiocytosis (LCH) are associated with tobacco use, their

role and impact on idiopathic pulmonary fibrosis (IPF),

combined pulmonary fibrosis and emphysema (CPFE),

and connective tissue disease-related interstitial lung dis-

eases remain ambiguous1. Thus, the relatively new um-

brella term, smoking-related interstitial fibrosis (SRIF),

has gained the acceptance of clinicians. The term SRIF

was first introduced in 2010 by Katzenstein et al.2 after a

review of extensively sampled lobectomy specimens from

current and former smokers. In its initial description, the

histologic hallmark of SRIF was expansion of alveolar

septa by a distinctive form of eosinophilic, paucicellular

fibrosis composed of “ropey-appearing” collagen. Some

reports describe identical histologic findings using alter-

native terminology such as “respiratory bronchiolitis-

associated interstitial lung disease with fibrosis”3, “respi-

ratory bronchiolitis with fibrosis”4, and “airspace enlarge-

ment with fibrosis”5. The 2013 American Thoracic Society

and European Respiratory Society statements classified

RB-ILD and DIP as smoking-related idiopathic interstitial

pneumonia6. Recent findings have proposed SRIF as an
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umbrella concept that includes a mixture of pathologies,

including elements of LCH, IPF, CPFE, and air space en-

largement with fibrosis7. The likely interconnection be-

tween the mechanisms involved in inflammation and

pulmonary fibrosis often results in an overlap of clinical,

radiological, and histological features in the same patient,

which can lead to unclassifiable patterns of ILD. SRIF at-

tempts to encompass diseases that have been classified as

separate ILDs. Occasionally, DIP, IPF, and CPFE have

overlapping features, such as a slowly progressive clini-

cal course, radiological findings (ground-glass opacities,

peripheral consolidation, and reticulation), and various

degrees of fibrosis with smokers’ macrophages. Addition-

ally, cases that do not fit well within these diseases may

be more appropriately diagnosed as SRIF. Therefore, in

the presence of progressive exertional dyspnea and

cough associated with pulmonary functional limitation, it

is important to accept the mix of existing disease catego-

ries and diagnose SRIF while considering where the pa-

tient is in the pathological process.

Although SRIF is caused by cigarette smoking, the ex-

act pathophysiological mechanisms by which smoking

causes this type of interstitial fibrosis remain unknown.

A clue to this is the presence of smoker’s macrophages

that accumulate in the alveolar space and interstitium of

SRIF patients. Alveolar macrophages (AMs) are the most

abundant immune cells present under homeostatic condi-

tions, representing 90% of the alveolar immune cells.

AMs play an important gatekeeping role in innate immu-

nity within the respiratory tract8 and perform airway sur-

veillance, immune regulation, and surfactant homeosta-

sis9. Cigarette smoke contains over 4,500 different sub-

stances with toxic, mutagenic, and carcinogenic effects,

including nicotine, tar, ammonia, carbon monoxide, et

al10. Smoking causes oxidative stress, resulting in chronic

inflammation and recruitment of inflammatory cells to

the airways through the activation of epithelial cells,

AMs, neutrophils, and T lymphocytes11. This could be

due to the abnormal production from alveolar cells of

factors that recruit macrophages, as well as to increased

survival and reduced macrophage apoptosis12. The differ-

ent types of pulmonary macrophages and their roles in

lung diseases have attracted attention in recent years.

AMs, including tissue-resident alveolar macrophages

(TR-AMs) and monocyte-derived alveolar macrophages

(Mo-AMs), as well as interstitial macrophages (IMs) are

the major macrophage populations in the lung and have

unique characteristics in both steady-state conditions and

disease states13. The different characteristics of these three

types of macrophages determine the different roles they

play in the development of disease. The mechanisms by

which smoking influences alveolar macrophages, includ-

ing recruitment, phenotype, immune function and ho-

meostasis, should be evaluated and explored in relation

to fibrosis, which may help to identify understanding the

pathogenesis of SRIF and the development of therapeutic

strategies.

All procedures were performed in accordance with the

Declaration of Helsinki of 1964 and later versions. Writ-

ten informed consent was obtained from patients for in-

clusion in this manuscript.

Smoking-Related Interstitial Fibrosis (SRIF)

Histopathology

SRIF is most encountered in upper lobe sections as an

incidental finding in current or former smokers undergo-

ing lung wedge biopsy or lobectomy for other reasons2,5.

SRIF is characterized by alveolar septal thickening with a

distinctive pattern of paucicellular, dense, eosinophilic

collagen that has a ropy or waxy quality and is accompa-

nied by emphysematous changes and respiratory bron-

chiolitis. Hypertrophic smooth muscle bundles may ac-

company fibrosis and, at times, predominate. Fibrosis is

limited to the subpleural and peribronchiolar interstitium

and does not increase to the level of diffuse chronic inter-

stitial pneumonia. Although SRIF is associated with vary-

ing degrees of airspace enlargement, the lung architecture

is relatively preserved without significant architectural

distortion in the form of scarring or honeycomb change14.

The pathological findings of a typical SRIF reported by

Katzenstein15 has been shown in Figures 1～3.

Separating SRIF from usual interstitial pneumonia

(UIP) and non-specific interstitial pneumonia (NSIP) can

be difficult in small biopsies and may require the incor-

poration of ancillary data. Both SRIF and UIP have a

subpleural distribution; however, SRIF shows a predilec-

tion for the upper lobes, whereas UIP is commonly char-

acterized by predominantly lower lobe involvement with

traction bronchiectasis and honeycomb changes. Al-

though fibroblastic foci can occasionally occur in SRIF,

their presence should raise concerns about UIP and

prompt careful review of available clinical and radiologic

data to assess the presence of clinically significant diffuse

interstitial lung disease14.

Along with fibrosis, another important feature of SRIF

is the filling of airspaces by numerous pigmented macro-

phages, so called smoker’s macrophages. It makes sense

to explain the importance of macrophages in the patho-



N. Taniuchi, et al

22 J Nippon Med Sch 2024; 91 (1)

Fig.　1　(A) Low magnification view of smoking-related 

interstitial fibrosis (SRIF) showing the characteris-

tic marked thickening of alveolar septa in subpleu-

ral parenchyma associated with emphysema. Clus-

ters of pigmented macrophages indicative of 

respiratory bronchiolitis (RB) are present in some 

airspaces. The pleural surface is on the top. (B) 

High magnification view of same case showing the 

thick, ropey, hyalinised collagen deposition within 

alveolar septa typical of SRIF.

Figures 1～3. Pathologic features of SRIF15.

Reproduced from Smoking related interstitial fi-

brosis (SRIF): pathologic findings and distinction 

from other chronic fibrosing lung diseases, Kat-

zenstein AL, 66, 882-7, 2013 with permission from 

BMJ Publishing Group Ltd. 

Fig.　2　(A) Low magnification view of smoking-related 

interstitial fibrosis within deeper lung parenchy-

ma. (B) Higher magnification showing typical eo-

sinophilic collagen deposition along with en-

trapped, hyperplastic smooth muscle bundles. 

genesis of SRIF by the pathogenesis of DIP, which is also

a smoking-related lung fibrosis and characterized by hy-

peraccumulation of macrophages. DIP was initially de-

scribed by Liebow et al.16 and was later considered the

putative early stage of UIP, an idea that was abandoned

in the 1990s. DIP is characterized by the widespread ac-

cumulation of intra-alveolar macrophages, with usually

mild interstitial reactions, although some conditions may

evolve into fibrosis and end-stage lung disease. It is well

known that the histopathological patterns of RB-ILD and

DIP may overlap, and the key feature to differentiate the

disorders is the distribution and extent of the lesions:

bronchiolocentric in RB-ILD and diffuse in DIP17. Accord-

ingly, RB-ILD and DIP may be different components of

the same histopathological disease spectrum, represent-

ing diverse degrees of severity in the same process

caused by chronic smoking18, and the same can be in-

ferred for SRIF, which is characterized by the same key-

words: smoking and macrophage accumulation.

Radiology

High-resolution computed tomography (HRCT) plays a

prominent role in diagnosis. Vehar et al.19 reported their

review of imaging and surgical lung biopsy findings in

SRIF. Bilateral ground-glass opacities (GGOs) were the

dominant feature in all cases and correlated with the

presence of SRIF and pigmented airspace macrophages

on histopathological examination. GGOs were typically
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Fig.　3　In this example of smoking-related interstitial fi-

brosis the airspaces are filled with pigmented mac-

rophages, a finding that is reminiscent of desqua-

mative interstitial pneumonia (DIP). (A) Low 

magnification with pleural surface at upper left. (B) 

High magnification illustrating the hyalinised col-

lagen and smooth muscle bundles within alveolar 

septa and the pigmented intra-alveolar macro-

phages. This marked interstitial fibrosis along with 

the associated emphysema excludes DIP. 

diffusely distributed. When present, GGOs affect 6%-75%

of the affected lobe. Mediastinal and/or hilar lymphade-

nopathy has been noted in some cases. Emphysema was

noted radiologically in approximately 30% of cases, and

its extent was less than 25% in the bilateral upper lobes.

A few patients showed mild respiratory bronchiolitis in

both upper lobes. Radiographic evidence of honeycomb-

ing was absent in all the cases. The authors discussed

SRIF presenting as a diffuse parenchymal lung disease.

Interstitial fibrosis was clearly present in multiple lobes

in SRIF, but did not correlate with traditional indicators

of fibrosis on chest CT, such as reticulation, traction bron-

chiectasis, and honeycomb change. Whether the GGOs in

these cases can be explained by airspace macrophages,

interstitial fibrosis, or both remains unclear. Another ob-

servation was that emphysema was present on pathology

in some cases but not on CT imaging.

For some authors, SRIF does not have defined radio-

logical characteristics2; for others, the pattern is like the

RB-ILD pattern, with micronodularity and GGOs3; and

still for others, there is mild reticulation and GGOs asso-

ciated with emphysema in the upper lung fields4.

Iwasawa et al. found variable patterns on HRCT in pa-

tients with a histological diagnosis of SRIF, which in-

cluded thin-walled air cysts or small cysts in the areas of

reticulation, which, in some cases, were very difficult to

differentiate from the UIP pattern20. This apparent radio-

logical image of honeycombing can be explained by the

location of fibrosis around the emphysema spaces in the

subpleural parenchyma21. SRIF cysts have thin walls and

a preference for the upper and middle areas of the lower

lobes, which are slightly separated from the pleural sur-

face, unlike the honeycombing of UIP22.

Thus, radiological patterns reflect overlapping histo-

logical patterns, which is why they are often mixed and

non-specific. Figure 4 shows chest CT followed over a

12-year period of a clinically diagnosed SRIF patient,

which is considered approximately typical images based

on a synthesis of previous reports.

Pulmonary Function Tests

Only a few patients with a histopathological diagnosis

of pure SRIF had pulmonary function tests (PFTs) re-

ported. PFTs have shown preserved lung volumes with

reduced forced expiratory volume in 1 s (FEV1) and dis-

proportionate reduction in the diffusing capacity for car-

bon monoxide (DLCO)14.

According to six cases of SRIF reported by Vehar et

al.19, using the Global Initiative for Chronic Obstructive

Lung Disease criteria23, two patients had obstruction on

PFTs, defined by an FEV1/forced vital capacity (FVC) ra-

tio of <0.7. All patients had a predicted FEV1% of �70%,

with a median value of 72% and a range of 70-92%.

Three patients had FVC values below the normal lower

limit. For all patients, the median predicted FVC% was

75%, with a range of 63%-95%. Testing for DLCO was

performed in all six patients, revealing a median pre-

dicted DLCO% of 53%, with a range of 33-68%. An im-

portant feature of the pulmonary function pattern of

SRIF is markedly reduced gas exchange capacity, as indi-

cated by DLCO, despite mild ventilatory impairment.

Biomarkers

There is no unified view on whether serum markers

such as Krebs von den Lungen-6 (KL-6), serum surfactant
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Fig.　4　Comparison of chest computed tomography (CT) of a case with clinically diagnosed SRIF at the time of onset (A), 6 

years after (B), and 12 years after (C).

Chest CT revealed patchy, bilateral ground-glass opacities and reticular abnormalities in the upper and lower lobes; 

these anomalies predominated in the posterior territories. Over the course of 12 years, peripheral cystic spaces ap-

peared and traction bronchiectasis in the bilateral lower lobes became evident. 

BA C

Onset 6 years after 12 years after

protein-D (SP-D) and -A (SP-A), which are commonly

measured in interstitial pneumonia, are also higher in pa-

tients with SRIF. The reasons behind this are that SRIF is

found incidentally in some cases in lung specimens re-

sected for other diseases, and the lack of large case data

on SRIF. The selection of appropriate biomarkers and cri-

teria for judging them is an issue to be addressed in the

future.

Treatment and Prognosis

Reports on the prognosis and longitudinal follow-up of

patients with SRIF are sparse. Several reports suggest

that although symptoms such as dyspnea and cough

may persist, SRIF does not progress significantly over

nearly 10 years of clinical follow-up and may show slight

improvements in pulmonary function and long-term sta-

bility of radiologic findings with smoking cessation or re-

duction12,15,19,24. Accordingly, in cases of clinical or imaging

features of progressive pulmonary fibrosis, the so-called

progressive fibrosing interstitial lung disease (PF-ILD),

the diagnosis itself should be re-evaluated, and indica-

tions for anti-fibrotic therapy should be considered.

In contrast, SRIF may be found incidentally and as-

ymptomatically. Large screening studies on lung cancer

using HRCT have reported interstitial abnormalities in a

significant proportion (2.2-22%) of otherwise asympto-

matic smokers25,26.

SRIF discussed based on pathological diagnosis and

SRIF considered from a clinical perspective do not align.

Therefore, determining the true treatment and prognosis

of SRIF is a subject for future studies.

Smoker’s Macrophages

AMs are the most abundant immune cells and are the

first line of defence against inhaled particulates and

pathogens in the interface between the airway lumen and

the alveolar spaces. Recently, there has been a better un-

derstanding about the ontogeny, phenotype and function

of AMs and their role, not only in phagocytosis, but also

in initiating and resolving immune response. Many of

the functions of the AMs have been shown to be dys-



SRIF and Smoker’s Macrophages

J Nippon Med Sch 2024; 91 (1) 25

Fig.　5　Mechanisms for disease in cigarette smoke exposure of alveolar macrophages8.

IL, interleukin; MMP, matrix metalloproteinase; ROS, reactive oxygen species.

The processes in cigarette smoke-related disease are multifaceted involving oxidative stress, inflammation, proteinase/anti-

proteinase imbalance, tissue destruction and inadequate repair. Alveolar macrophages play an important role in these pro-

cesses. ① Impaired phagocytosis: Dysregulated reactive oxygen species (ROS) production, Impaired microbial killing, ②
Impaired iron metabolism: Increased intracellular iron, Increased ferritin release, ③ Impaired lipid metabolism: Surfactant 

damage, Inflammatory foamy macrophages, ④ Increased proteinase release: Reduced anti-proteinase release, Degraded ex-

tracellular matrix, ⑤ Impaired efferocytosis: Accumulation of pro-inflammatory apoptotic neutrophils, ⑥ Increased cyto-

kine release: Recruitment of pro-inflammatory neutrophils and macrophages.

Published under a CC BY-NC licence. © BMJ Publishing Group Ltd. Cigarette smoke exposure and alveolar macrophages: 

mechanisms for lung disease, Lugg ST et al., 77, 94-101, 2022

regulated following exposure to cigarette smoke8. While

the mechanisms for these changes remain poorly under-

stood, they are important in the understanding of ciga-

rette smoking-induced lung disease. Microscopic pig-

mented macrophages, so-called ‘smoker’s macrophages’

containing a light brown, finely granular pigment, ap-

pear in the alveoli and interstitium of SRIF and phagocy-

tose various dust particles contained in cigarettes.

Smoker’s macrophages are not disease-specific and are

known to occur in smoking-related lung diseases. In

2022, Lugg et al.8 have summarized and reported the cur-

rent understanding: Figure 5, Mechanisms for disease in

cigarette smoke exposure of alveolar macrophages.

Phenotype and Function of Alveolar Macrophages

AMs exert regulatory effects via non-specific immune-

defense mechanisms, such as phagocytosis; the produc-

tion of inflammatory mediators, such as reactive oxygen

species; and the expression of inflammatory cytokines,

such as interleukin (IL)-1, IL-2, IL-4, IL-6, IL-8, tumor ne-

crosis factor-α (TNFα), and interferon gamma (IFNγ).

AMs also resolve inflammation via the release of anti-

inflammatory mediators and clearance of apoptotic bod-

ies8.

Recent studies have focused on AM heterogeneity. To

examine AM heterogeneity, Tabary et al. used single-cell

RNA sequencing (scRNA-seq) and reported four AM
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clusters (Clusters 1 to 4)9. They assessed the identity and

heterogeneity of AMs among healthy non-smokers, non-

COPD smokers, and COPD smokers using a combination

of approaches, including flow cytometry and bulk and

scRNA-seq of BAL cells. They found that Cluster 2 was

more prominent in smokers than in non-smokers. Cluster

2 was highly enriched in genes involved in oxidative

stress, detoxification, and pro-inflammatory responses.

Thus, they suggested that Cluster 2 represents a classical

AM subset that responds to the toxic effects of cigarette

smoke. Hou et al. reported the different characteristics of

three types of lung macrophages13: AMs, including TR-

AMs, Mo-AMs, and IMs, are the major macrophage

populations in the lung and have unique characteristics

in both steady-state conditions and disease states.

Monocyte-derived cells acquire profibrotic phenotypes

more easily and thereby promote fibrosis. Generally, Mo-

AMs are more easily controlled by the environment than

TR-AMs and are associated with cytokine storms and im-

mune imbalance in severe infections. IMs may play a

profibrotic role similar to that of Mo-AMs, as both inter-

stitial and alveolar macrophages are detected in

radiation-induced lung fibrosis. TR-AMs are long-lived

cells shaped by a microenvironment that has immuno-

suppressive functions in the steady state and less plastic-

ity in the defense state. TR-AMs play an indispensable

role in fighting pathogens, as they activate the inflamma-

tory response in early stages and promote the recovery of

inflammation in late stages. Misharin et al.27 used a ge-

netic lineage-tracing system to demonstrate that Mo-AMs

and TR-AMs play distinct roles in the development of

lung fibrosis. Using bleomycin-induced pulmonary fibro-

sis in a mouse model, Mo-AMs expressed consistently

higher levels of proinflammatory and profibrotic genes

than TR-AMs, and selective depletion of Mo-AMs, but

not TR-AMs, ameliorated the severity of lung fibrosis.

Depletion of TR-AMs using intratracheal liposomal clo-

dronate before bleomycin administration was found to

have no effect on fibrosis, suggesting that they were dis-

pensable for the development of fibrosis.

SRIF and Macrophages

Katzenstein15, who proposed SRIF as a new disease,

has described: Intra-alveolar pigmented macrophages

(smokers’ macrophages) that are indicative of respiratory

bronchiolitis are invariably present and usually numer-

ous in SRIF. They may be so numerous in some cases as

to fill the alveolar spaces adjacent to the thickened alveo-

lar septa (Fig. 3). Though SRIF is a distinct form of inter-

stitial fibrosis with a pathologic appearance characterized

by hyalinized fibrosis and thickens alveolar septal walls

that occurs in smokers, the role of macrophages in SRIF

and the relationship between fibrosis and macrophages

has never been studied or discussed and is unknown.

The degree of fibrosis and appearance of macrophage ag-

gregates are important points of distinction when evalu-

ating and diagnosing SRIF. Macrophage heterogeneity,

particularly the activation and function of Mo-AMs and

IMs, has important implications for the pathogenesis of

SRIF and developing treatments. Within the broad cate-

gory of SRILDs, there are several diseases that share the

common characteristics of cigarette smoke, smoker’s

macrophages, and fibrosis, and we hope that the dissimi-

larities in disease will inspire a macrophage-focused un-

derstanding of the pathogenesis of SRIF.

Conclusion

SRIF is a relatively newly proposed disease characterized

by its etiology (smoking) and disease-defining pathology

(interstitial fibrosis and macrophage accumulation). The

diagnosis of SRIF requires a combined interpretation of

histological and radiological findings, while considering

the clinical context. Further research focusing on the role

of macrophages is required to characterize the long-term

clinical implications and optimal management of SRIF.

Acknowledgements: We would like to thank Honyaku Center

Inc. for English language editing.

Funding: No specific funding was received for the study.

Conflict of Interest: Dr. Seike reports grants and personal fees

from AstraZeneca, MSD K.K, Chugai Pharmaceutical, Taiho

Pharmaceutical, Eli Lilly, Ono Pharmaceutical, Bristol-Myers

Squibb, Nippon Boehringer Ingelheim, Novartis, Takeda Phar-

maceutical, Kyowa Hakko Kirin, Nippon Kayaku, and

Daiichi-Sankyo Company, outside of the submitted work. Dr.

Seike reports research funding from Taiho Pharmaceutical,

Chugai Pharmaceutical, Eli Lilly, MSD K.K, and Nippon

Boehringer Ingelheim, outside of the submitted work.

References
1．Kumar A, Cherian SV, Vassallo R, Yi ES, Ryu JH. Current

concepts in pathogenesis, diagnosis, and management of

smoking-related interstitial lung diseases. Chest. 2018;154

(2):394―408.

2．Katzenstein AL, Mukhopadhyay S, Zanardi C, Dexter E.

Clinically occult interstitial fibrosis in smokers: classifica-

tion and significance of a surprisingly common finding in

lobectomy specimens. Hum Pathol. 2010;41(3):316―25.

3．Yousem SA. Respiratory bronchiolitis-associated intersti-

tial lung disease with fibrosis is a lesion distinct from fi-



SRIF and Smoker’s Macrophages

J Nippon Med Sch 2024; 91 (1) 27

brotic nonspecific interstitial pneumonia: a proposal. Mod

Pathol. 2006;19(11):1474―9.

4．Reddy TL, Mayo J, Churg A. Respiratory bronchiolitis

with fibrosis: high-resolution computed tomography find-

ings and correlation with pathology. Ann Am Thorac Soc.

2013;10(6):590―601.

5．Kawabata Y, Hoshi E, Murai K, et al. Smoking-related

changes in the background lung of specimens resected for

lung cancer: a semiquantitative study with correlation to

postoperative course. Histopathology. 2008;53(6):707―14.

6．Travis WD, Costabel U, Hansell DM, et al. An official

American Thoracic Society/European Respiratory Society

statement: update of the international multidisciplinary

classification of the idiopathic interstitial pneumonias.

Am J Respir Crit Care Med. 2013;188(6):733―48.

7．Serrano Gotarredona MP, Navarro Herrero S, Gomez

Izquierdo L, Rodriguez Portal JA. Smoking-related inter-

stitial lung disease. Radiologia (Engl Ed). 2022;64(Suppl

3):277―89.

8．Lugg ST, Scott A, Parekh D, Naidu B, Thickett DR. Ciga-

rette smoke exposure and alveolar macrophages: mecha-

nisms for lung disease. Thorax. 2022;77(1):94―101.

9．Tabary M, Lee JS. Alveolar macrophage heterogeneity

goes up in smoke? Am J Respir Cell Mol Biol. 2022;67(2):

150―2.

10．Rennard SI. Cigarette smoke in research. Am J Respir Cell

Mol Biol. 2004;31(5):479―80.

11．Barnes PJ. Immunology of asthma and chronic obstruc-

tive pulmonary disease. Nat Rev Immunol. 2008;8(3):183―
92.

12．Margaritopoulos GA, Harari S, Caminati A, Antoniou

KM. Smoking-related idiopathic interstitial pneumonia: a

review. Respirology. 2016;21(1):57―64.

13．Hou F, Xiao K, Tang L, Xie L. Diversity of macrophages

in lung homeostasis and diseases. Front Immunol. 2021;

12:753940.

14．Konopka KE, Myers JL. A review of smoking-related in-

terstitial fibrosis, respiratory bronchiolitis, and desquama-

tive interstitial pneumonia: overlapping histology and

confusing terminology. Arch Pathol Lab Med. 2018;142

(10):1177―81.

15．Katzenstein AL. Smoking-related interstitial fibrosis

(SRIF): pathologic findings and distinction from other

chronic fibrosing lung diseases. J Clin Pathol. 2013;66(10):

882―7.

16．Liebow AA, Steer A, Billingsley JG. Desquamative inter-

stitial pneumonia. Am J Med. 1965;39:369―404.

17．Desai SR, Ryan SM, Colby TV. Smoking-related interstitial

lung disease: histopathological and imaging perspectives.

Clin Radiol. 2003;58(4):259―68.

18．Selman M. The spectrum of smoking-related interstitial

lung disorders: the never-ending story of smoke and dis-

ease. Chest. 2003;124(4):1185―7.

19．Vehar SJ, Yadav R, Mukhopadhyay S, Nathani A, Tolle

LB. Smoking-related interstitial fibrosis (SRIF) in patients

presenting with diffuse parenchymal lung disease. Am J

Clin Pathol. 2023;159(2):146―57.

20．Iwasawa T, Takemura T, Ogura T. Smoking-related lung

abnormalities on computed tomography images: compari-

son with pathological findings. Jpn J Radiol. 2018;36(3):

165―80.

21．Wick MR. Pathologic features of smoking-related lung

diseases, with emphasis on smoking-related interstitial fi-

brosis and a consideration of differential diagnoses.

Semin Diagn Pathol. 2018;35(5):315―23.

22．Watanabe Y, Kawabata Y, Kanauchi T, et al. Multiple,

thin-walled cysts are one of the HRCT features of air-

space enlargement with fibrosis. Eur J Radiol. 2015;84(5):

986―92.

23．Vogelmeier CF, Criner GJ, Martinez FJ, et al. Global strat-

egy for the diagnosis, management, and prevention of

chronic obstructive lung disease 2017 report. GOLD Ex-

ecutive Summary. Am J Respir Crit Care Med. 2017;195

(5):557―82.

24．Churg A, Hall R, Bilawich A. Respiratory bronchiolitis

with fibrosis-interstitial lung disease. A new form of

smoking-induced interstitial lung disease. Arch Pathol

Lab Med. 2015;139(4):437―40.

25．Sverzellati N, Guerci L, Randi G, et al. Interstitial lung

diseases in a lung cancer screening trial. Eur Respir J.

2011;38(2):392―400.

26．Washko GR, Hunninghake GM, Fernandez IE, et al. Lung

volumes and emphysema in smokers with interstitial

lung abnormalities. N Engl J Med. 2011;364(10):897―906.

27．Misharin AV, Morales-Nebreda L, Reyfman PA, et al.

Monocyte-derived alveolar macrophages drive lung fibro-

sis and persist in the lung over the life span. J Exp Med.

2017;214(8):2387―404.

(Received,

(Accepted,

(J-STAGE Advance Publication,

August

October

January

1, 2023)

25, 2023)

16, 2024)

Journal of Nippon Medical School has adopted the Creative Com-
mons Attribution-NonCommercial-NoDerivatives 4.0 International
License (https://creativecommons.org/licenses/by-nc-nd/4.0/) for
this article. The Medical Association of Nippon Medical School re-
mains the copyright holder of all articles. Anyone may download,
reuse, copy, reprint, or distribute articles for non-profit purposes
under this license, on condition that the authors of the articles are
properly credited.


