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Background. The types of cells most significantly linked to individual subtypes of idiopathic interstitial pneumonias (IIPs) remain
unclear. Few studies have examined CD163+ macrophages in IIPs. Objective. We retrospectively aimed to immunohistochemically
characterize the CD163+ macrophages in IIPs. Methods. Paraffin-embedded lung tissue samples were obtained from 47 patients
with IIPs, including idiopathic pulmonary fibrosis (IPF), idiopathic nonspecific interstitial pneumonia (NSIP), and cryptogenic
organizing pneumonia (COP), and 12 normal controls were immunohistochemically analyzed, using primary antibodies against
CD68 and CD163 as indicators of pan and M2 macrophages, respectively. Results. CD68+ macrophage density was significantly
increased in the 3 subtypes of IIPs relative to that in the control group, although no difference was detected within the different
IIPs. CD163+ macrophage density was significantly increased in NSIP and COP samples relative to that in IPF samples. The
density ratio of CD163+ macrophages to CD68+ macrophages was significantly decreased in IPF/UIP samples relative to that in
the others, while the densities in NSIP and COP were significantly higher than those in control cases. Conclusion. CD163+

macrophages show distinct profiles among IIPs, and the standardized numerical density is decreased in IPF cases that have
poor prognoses.

1. Introduction

Idiopathic interstitial pneumonias (IIPs) are a heterogeneous
group of acute and chronic disorders with varying degrees of
inflammation and fibrosis; the etiologies of which are
unknown [1]. Idiopathic pulmonary fibrosis (IPF)/usual
interstitial pneumonia (UIP), nonspecific interstitial pneu-
monia (NSIP), and cryptogenic organizing pneumonia
(COP) have gained attention because of their relatively high
incidences. The prognoses of IPF/UIP are poor relative to
those of the latter two types, and different pathological

features enable discrimination of these conditions [1]. IPF/
UIP is histopathologically characterized by temporal hetero-
geneity in the degree of interstitial fibrosis in the alveolar
septa, including in normal regions and severe fibrotic areas
[2, 3]. The presence of intraluminal fibrotic lesions, known
as fibroblastic foci, is associated with the prognosis of IPF/
UIP [3]. NSIP is mainly characterized by a dense or loose
interstitial fibrosis with a uniform appearance. COP primar-
ily shows intraluminal fibrotic involvement with a patchy
distribution [4, 5]. The background lung architecture is well
preserved in COP and NSIP, while a honeycomb lung
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represents a terminal status of tissue remodeling in IPF/UIP
[2–5]. Importantly, the types of cells most significantly linked
to differences in the pathogenesis and prognoses among the
subtypes of IIPs remain unclear.

Macrophages constitute a heterogeneous population of
cells of the innate immune system and display a variety of
functions [6]. This functional diversity of macrophages
develops from the response to local microenvironmental sig-
nals that allow them to adapt to this local environment, with
the cells typically represented as M1 and M2 types of popula-
tions [7]. M1 macrophages are characterized by the ability to
produce proinflammatory mediators, which is associated
with phagocytosis, killing of microorganisms, and tissue
injury [8–10]. In contrast, M2 macrophages have an anti-
inflammatory effect, which is linked to the phagocytosis of
apoptotic cells, tissue repair, and fibrosis [11–15]. Particu-
larly, an increasing number of studies have revealed a signif-
icant association between fibrotic diseases and macrophages
with positivity for CD163, an endocytic receptor for heme
and ferroportin and M2 marker [16–20].

We hypothesized that subpopulations of macrophages
are represented differently among the subtypes of IIPs, as
macrophages exhibit plastic responses to different microen-
vironments. Different types of subpopulations indeed partic-
ipate in individual processes corresponding to the
development and repair of fibrosis models [21, 22]. However,
limited information is available regarding the subpopulations
of macrophages in IIPs. In the present study, we immunohis-
tochemically characterized CD68+ and CD163+ macro-
phages in the three subtypes of IIPs: IPF/UIP, NSIP, and
COP. CD68 is a single-chain glycoprotein of 110 kD
expressed predominantly on the lysosomal membrane of
myeloid cells and is thought to be a pan-macrophage marker
[23]. Our findings revealed interesting characteristics for the
counting of CD163+ macrophages among IIPs.

2. Materials and Methods

2.1. Materials. A total of 87 patients who underwent video-
assisted thoracoscopic surgery biopsy for the diagnosis of
interstitial pneumonia at Iwate Medical University Hospital
(Morioka, Japan) and Tohoku University Hospital (Sendai,
Japan) from 2000 to 2010 were selected for the study. Of
these, 40 patients were excluded from the study because of
diagnoses of interstitial pneumonias other than IIPs, such
as collagen vascular diseases or hypersensitivity pneumonitis.
The remaining 47 patients were retrospectively diagnosed
with idiopathic interstitial pneumonias based on multiple
disciplinary discussions, as per international consensus
criteria [24], and consisted of 23 with IPF/UIP, 17 with NSIP,
and 7 with COP. No patient received treatment before
surgical biopsy. After diagnosis, treatment was administered
according to the guidelines in effect at the time of the
diagnosis [24]. The mean follow-up of patients alive at the
endpoint of analysis was 56.8 months. For the control lungs,
normal regions distant from the cancer lesions in lung spec-
imens obtained from 12 patients with preinvasive lung ade-
nocarcinoma were used. These specimens were obtained
from the archives of the Departments of Pathology at Iwate

Medical University and Tohoku University Hospital, the
Ethical Committees which approved the use of all samples
in this study (IRB, H24-170, and 2014-1-446). The require-
ment for informed consent was waived because of the retro-
spective nature of this study.

2.2. Immunohistochemistry. As primary antibodies, mouse
anti-human CD68 (clone PGM-1, DAKO, Glostrup,
Denmark, dilution 1 : 50), mouse anti-human CD163 (clone
5C6, BMA Biomedicals, Augst, Switzerland, dilution
1 : 200), and anti-human CD163 (clone EDhu1, Serotec,
Cambridge, UK, dilution 1 : 200) antibodies were used. As
negative controls for each antibody, normal mouse IgG1
(Dako) and normal rabbit serum (Vector Labs, Burlingame,
CA, USA) were used. The detailed protocol used for immuno-
histochemistry analysis has been previously described [25].

2.3. Morphometric Analysis. The numerical density of CD68+

[NA(CD68)] and CD163+ [NA(CD163)] mononuclear cells
was counted at 200-fold magnification in 20 randomly
sampled fields per slide [25]. Alveolar and interstitial macro-
phages were separately counted. Areas corresponding to 1–3
degrees based on Ashcroft’s fibrotic score were estimated to
compare the 3 conditions, as IPF samples exhibit temporarily
heterogeneous lesions [26]. The numerical density of macro-
phages was standardized according to the interstitial number
densities [NA(int)], which were measured by point counting
methods using a grid [25, 27]. In IPF samples, the alveolar
and interstitial numerical density of CD68+ [NA(CD68)]
and CD163+ [NA(CD163)] macrophages was estimated,
which were divided into 2 fibrotic grades including mild
and severe lesions. Densities were standardized by air space
and interstitial area density as [AA(Air)] and [AA(int)],
respectively [28]. Lung specimens were obtained from multi-
ple lobes as far apart as possible. Morphometric analyses
were performed in individual lobes, and average values were
used as representative data of each patient. Morphometric
examinations were performed independently by two pathol-
ogists (R.S., T.S.).

2.4. Pulmonary Function Tests. The forced vital capacity,
forced expiratory volume in 1 s, and diffuse capacity of the
lung for carbon monoxide were measured according to
American Thoracic Society guidelines [29]. These values
were also expressed as percentages of the predicted normal
values calculated according to sex, weight, and age [30].

2.5. Statistical Analysis. Statistical significance was evaluated
by one-way analysis of variance followed by Dunnett test or
Fisher’s exact test. Receiver operating characteristic (ROC)
curves were plotted for standardized numerical density of
CD163+ macrophages and differential diagnosis between
IPF and NSIP. A diagnostic test with an area under the curve
(AUC) above 0.75 was regarded as contributive [31]. A
p value less than 0.05 was considered to indicate statistical
significance. Statistical analyses were performed using SPSS
Statistics software (SPSS Inc., Chicago, IL, USA).
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3. Results

3.1. Patient Characteristics. Patient characteristics are shown
in Table 1. Patients with NSIP were younger than those with
IPF/UIP (p < 0 05).

3.2. Morphological and Morphometric Analyses of CD68
Macrophages in IIPs.We immunohistochemically character-
ized CD68+ and CD163+ macrophages in the 4 groups,
including normal control lungs, IPF/UIP, NSIP, and COP
(Figures 1–3). CD68+ macrophages were scattered in the
control lungs (Figure 1(a)), while high numbers were
observed in every type of IIP (Figures 1(b)–1(d)). Numerous
CD68+ macrophages were observed within airspace neigh-
boring mild and severe fibrotic lesions (Supplementary
Figure E1A and B), but were undetectable within fibroblastic
foci of IPF/UIP (Supplementary Figure E1C). The numerical
density of CD68+ macrophages was significantly increased in
the 3 types of IIPs relative to that in the control, although no
difference was observed among the 3 disease groups
(Figure 3(a)). While categorizing fibrotic lesions in IPF/UIP
into 2 severity grades, CD68+ macrophages were detected
in both lesions (Supplementary Figure E1C and D). However,
the standardized density of CD68+ alveolar macrophages
[NA(CD68)/AA(air)] showed significantly higher levels in
severe lesions relative to those in mild lesions, although no
difference was detected in interstitial density [NA(CD68)/
AA(int)] (p < 0 0001) (Supplementary Figure E2A and B).

3.3. Morphological and Morphometric Analyses of CD163+

Macrophages in IIPs. CD163+ macrophages showed a scat-
tered distribution in normal control samples (Figure 2(a)).
In the airspace neighboring the mild lesions of IPF/UIP,
numerous macrophages showed weak or no expression of
CD163, although a few CD163+ macrophages were observed
(Figure 2(b), Supplementary Figure E1E). In interstitial
lesions of IPF/UIP, very few CD163+ macrophages were
detected (Supplementary Figure E1G and H). In contrast,
these cells were abundant in NSIP and COP (Figures 2(c)
and 2(d)). The numerical density of CD163+ macrophages
was significantly increased in NSIP and COP relative to those
in the control group and IPF/UIP (Figure 3(b)). Although
CD163+ mononuclear cells locally formed cluster aggrega-
tion in the airspace neighboring severe fibrotic lesions, there
was no difference in the standardized numerical density of
CD163+ alveolar macrophages between the airspaces
adjacent to mild and severe fibrotic lesions (Supplementary
Figure E1E and F and Figure E2C). There was no difference
in the numerical densities of CD163+ interstitial macro-
phages between the two severity grades of lesions of IPF/
UIP (Supplementary Figure E2D). In the present study,
although the data are represented as the results obtained with
anti-CD163 antibody (clone EDhu1), both antibodies of
clone 5C6 and EDhu1 showed similar results.

3.4. Density Ratio of CD163+ Macrophages to CD68+

Macrophages. The density ratio of CD163+ macrophages to
CD68+ macrophages was significantly decreased in mild
lesions of IPF/UIP relative to that in the others, although
the densities in NSIP and COP were significantly higher than

those in control cases (Figure 3(c)). The significant difference
in the ratio was also observed in alveolar and interstitial mac-
rophages (Supplementary Figure E3).

3.5. Differences between Nonsmokers and Smokers. We also
explored the influence of smoking on CD68+ and CD163+

macrophage densities in normal control, IPF/UIP, and NSIP
cases. We did not determine the effects of smoking in
patients with COP because the number of patients was too
less. There was no difference in CD68+ macrophage densities
between nonsmokers and smokers in every condition
(Supplementary Figure E4). However, CD163+ macrophage
density was significantly lower in smokers with NSIP, and
the ratio of CD163+ macrophages to CD68+ macrophages
showed a decreasing trend in smokers with IPF/UIP
(Supplementary Figure E4F and H).

3.6. Diagnostic Value of CD163+ Macrophage Densities in
Differentiation between IPF/UIP and NSIP. We explored the
diagnostic value of the numerical density of CD163+ macro-
phages in the differentiation between IPF/UIP and NSIP,
using ROC analysis. The total numerical density of CD163+

macrophages showed an ROC-AUC value of 0.898 (95%
confidence interval, CI, 0.783–1.000) for the differentiation
(Figure 4). A cut-off level of 12.0 in total numerical density
of CD163+ macrophages yielded a sensitivity of 90.5% (95%
CI=78.2–96.2%) and specificity of 88.2% (95% CI= 73.1–
95.3%). Moreover, we evaluated the relation between the
response to the treatment and numerical density of CD163+

macrophages. No statistically significant relation was
detected in any group; the coefficient of correlation was
determined to be 0.49 in patients with NSIP and COP who
received corticosteroids for treatment.

4. Discussion

In the present study, we found that the numerical density of
CD68+ macrophages was higher in the 3 types of IIPs relative
to that in the normal control lungs, while CD163+ macro-
phages density was higher in NSIP and COP than in IPF/
UIP. The density ratio of CD163+ macrophages to CD68+

macrophages was significantly lower in IPF/UIP relative to
those in the other 3 groups, while the ratios in COP and NSIP
were significantly higher relative to that in the normal
control lungs.

Very limited information is available regarding the
characterization of CD163+ macrophages in IIPs. Wojtan
et al. estimated the proportion of CD163+ macrophages in
bronchoalveolar lavage fluids by immunocytochemistry
[32]. The proportion of CD163+ macrophages did not differ
between IPF/UIP and NSIP, which is inconsistent with our
results. However, as they did not use pan-macrophage
markers, the proportions represented in their study are
unclear. In addition, it is difficult to draw conclusions regard-
ing the association between IIPs and CD163+ macrophages
in their study, as they used a very small sample size of 6
patients with IPF/UIP and 8 with NSIP.

There are two mechanistic possibilities explaining how
the higher ratio of CD163+ macrophages to CD68+
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Table 1: Characteristics of healthy volunteers and patients with IIPs.

Healthy control UIP NSIP COP
n 12 23 17 7 p value

Age 64.3± 3.1 65.3± 1.6 54.3± 2.7 64.0± 3.9 0.015

Female (%) 6 (50.0) 10 (43.5) 8 (46.6) 2 (28.6) n.s

Smoke (%) 6 (50.0) 12 (52.2) 5 (29.4) 4 (57.2) n.s

Pulmonary function tests

FVC (L) 3.03± 0.24 2.48± 0.19 2.55± 0.30 2.19± 0.23 n.s

FVC (%) 112.7± 3.0 83.3± 4.2 78.4± 7.2 68.3± 5.9 n.s

FEV/FVC (%) 77.8± 2.1 87.6± 2.0 85.0± 1.41 81.4± 1.9 n.s

DLco (%) 114.2± 7.6 73.7± 5.1 67.8± 6.9 63.4± 4.8 n.s

Lung specimens obtained

Upper lobe (%) 6 (50.0) 5 (21.7) 1 (5.8) 1 (14.3) n.s

Lower lobe (%) 6 (50.0) 7 (30.4) 3 (17.6) 3 (42.9) n.s

Both lobes (%) 0 (0) 11 (47.8) 13 (76.5) 3 (42.9) <0.001
Treatments

Corticosteroid (%) 0 (0) 4 (17.4) 13 (74.5) 5 (71.4) <0.001
Immunosuppresants (%) 0 (0) 2 (8.7) 5 (29.4) 0 (0) n.s

Pirfenidone (%) 0 (0) 2 (8.7) 1 (5.9) 0 (0) n.s

None (%) 12 (100.0) 16 (69.6) 3 (17.6) 2 (28.6) <0.001
Data are shown as mean ± SD. Brackets represent percentage. IPF/UIP: idiopathic pulmonary fibrosis/usual interstitial pneumonia; NSIP: nonspecific
interstitial pneumonia; COP: cryptogenic organizing pneumonia; FVC: forced vital capacity; FEV1.0: forced expiratory volume in 1 second; DLco: diffusing
capacity of the lungs for carbon monoxide; n.s: no statistical significance.

(a) (b)

(c) (d)

Figure 1: Immunohistochemical analysis of CD68 expression in IIPs. (a) CD68+ macrophages (Brown) were scattered in the alveolar space of
normal control lungs. Numerous CD68+ macrophages were observed in the alveolar space in IIPs, including IFF/UIP (b), NSIP (c), and COP
(d). In the interstitium, CD68+ macrophages were observed in NSIP and COP, but barely detectable within the intraluminal fibrosis in COP.
Resorcin-fuchsin and hematoxylin were used as counterstains. Scale bar, 200 μm.
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macrophages is related to interstitial pneumonia, although
we could not determine the pathogenic roles of the macro-
phages in IIPs in the present study. The first possibility is that

CD163+ macrophages have a protective role against tissue
injury associated with IIPs. Ye et al. reported decreased
expression of heme oxygenase-1 in alveolar macrophages in

(a) (b)

(c) (d)

Figure 2: Immunohistochemical analysis of the expression of CD163 in IIPs. CD163+ macrophages (Brown) are observed to be scattered in
normal control lungs (a). In IPF/UIP, numerous alveolar macrophages show weak or no expression of CD163 (b). Numerous CD163+

macrophages are observed predominantly in alveolar space of NSIP (c) and COP (d) and in interstitium too. CD163+ macrophages were
rarely detected within fibroblastic foci in IPF/UIP and the intraluminal fibrosis in COP. Resorcin-fuchsin and hematoxylin were used as
counterstains. Scale bar: (a) 100 μm and (b–d) 200 μm.
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Figure 3: Comparison of CD68+ and CD163+ macrophage densities among the four groups. The numerical densities of CD68+ macrophages
standardized by interstitial density [NA(CD68)/NA(int)] were significantly increased in IPF/UIP, NSIP, and COP relative to those in normal
control lungs (a). The numerical densities of CD163 macrophages [NA(CD163)/NA(int)] were significantly increased in NSIP and COP
relative to those in normal control lungs and IPF/UIP (b). The ratio of CD163+ macrophages to CD68+ macrophages was significantly
increased in IPF/UIP and normal control lungs relative to those in the other 2 groups (c) [NA(CD163)/NA(CD68)]. The values of the
numerical densities described in the figures represent actual values multiplied by 103. ∗p < 0 05, ∗∗p < 0 01, and ∗∗∗∗p < 0 0001.
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idiopathic pulmonary fibrosis patients [33]. CD163 is a scav-
enger receptor for the heme-haptoglobin complex, which
reduces the toxicity of heme-oxygenase. Our findings and
those of previous studies suggest a protective role of
CD163+ macrophages against IIPs. In contrast, the second
possibility is that CD163 macrophages accelerate fibrosis in
non-IPF/UIP, which has a relatively better prognosis, such
as NSIP and COP. Christmann et al. reported that mRNA
expression of CD163 was upregulated in the lung specimens
obtained from patients with systemic sclerosis-associated
interstitial lung diseases (SSc-ILD), which mainly consisted
of NSIP, and that CD163 gene expression levels were corre-
lated with the progression of fibrosis based on HRCT [34].
Mathai et al. reported that mRNA expression of CD163 was
upregulated in monocytes in the peripheral blood of patients
with SSc-ILD relative to that in healthy controls [35].

Interestingly, our results showed that CD163+ macro-
phages were associated with IPF/UIP to a lesser extent,
although increasing evidence suggests a positive association
between CD163+ macrophages and fibrogenic conditions. It
is very important to consider the possibility that the develop-
ment of fibrotic lesions in IPF/UIP does not depend on accel-
eration by CD163+ macrophages, and it remains to be
elucidated which types of cells most significantly regulate
the prolonged activity of myofibroblasts in IPF/UIP.

It has been reported that smoking influences macrophage
polarization [36]. In the present study, we examined the
influence of smoking on CD68+ and CD163+ macrophage
densities in normal control lungs, IPF/UIP, and NSIP.
CD163+ macrophage density was decreased in NSIP patients

who smoked, and the ratio of CD163+ macrophages to
CD68+ macrophages showed a decreasing trend in IPF/UIP
patients who smoked. The comparative data of CD163 mac-
rophage density among the 3 groups were unlikely to be
biased by smoking because the ratios of patients with smok-
ing were equivalent in the 3 conditions.

In the clinical setting, NSIP is diagnostically differenti-
ated from IPF/UIP, and histopathologic analysis is routinely
required for diagnosis. However, it is not always easy to
differentiate between the two conditions, and multiple disci-
plinary discussions are often required to determine the diag-
nosis [37, 38]. No information is available regarding a
diagnostic marker for the differentiation of IIP subtypes. In
the present study, the high value of the ROC-AUC suggests
the potential of CD163+ macrophage density as a useful
differential marker.

The present study has some limitations. The first lim-
itation is its retrospective nature. It is unlikely that there
was selection bias in patients with IIPs because we consec-
utively enrolled patients at both institutes. Second, we
could not estimate the numerical densities of CD68+ and
CD163+ macrophages in multiple lobes in all patients with
IIPs. However, no difference in the numerical densities of
CD68+ and CD163+ macrophages was observed between
the upper and lower lobes in each group (data not shown).
Third, the study population was relatively small. Further
studies on a larger cohort of patients are needed to vali-
date the diagnostic value of CD163+ macrophage density
in IIPs.

We clearly demonstrated the distinct profiles of CD163+

macrophage counts among the subtypes of IIPs. The lower
ratio of CD163+/CD68+ macrophages was related to IPF/
UIP, and CD163+ macrophages may be diagnostically useful
markers for differentiating IIPs. Our results provide insight
into the pathogenic and clinical perspectives of IIPs and
may facilitate further investigations of the heterogeneity of
macrophages in IIPs.
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Supplementary Materials

Supplementary 1. Figure E1: immunohistochemical analyses
of CD68 and CD163 expression in mild and severe fibrotic
lesions of IPF/UIP. Many CD68+ macrophages with strong
expression (brown) were observed in the airspaces neighbor-
ing mild (A) and severe (B) interstitial fibrotic lesions. CD68+

macrophages were scattered within mild (C) and severe (D)
interstitial fibrotic lesions. CD68+ macrophages were not
detected within fibroblastic foci (arrows in C). In contrast,
numerous macrophages showed weak or no expression of
CD163 in the alveolar space near mild fibrotic lesions,
although few CD163+ macrophages were detected (E). In
the alveolar space near severe fibrotic lesions of IPF/UIP,
CD163+ macrophages showed cluster aggregation (F).
CD163+ macrophages with weak expression (brown) were
occasionally observed in mild (G) and severe (H) interstitial
fibrotic lesions. Resorcin-fuchsin and hematoxylin were used
as counterstains. Scale bar, 100 μm.

Supplementary 2. Figure E2: comparison of CD68+ and
CD163+ macrophage densities between mild and severe
fibrotic grades of lesions in IPF/UIP. (A) A comparison of
the numerical densities of alveolar CD68+ macrophages
between airspaces near mild and severe fibrotic lesions in
IPF/UIP. The numerical density of CD68+ alveolar macro-
phages standardized by airspace area density [NA(CD68)/
AA(air)] in severe fibrotic lesions showed a significant
increase relative to that in mild lesions. In contrast, no dif-
ference was detected in the numerical densities of CD68+

interstitial macrophages standardized by interstitial numer-
ical density [NA(CD68)/NA(int)] (B). There was no differ-
ence in the numerical densities of CD163+ alveolar
macrophages [NA(CD163)/AA(air)] and interstitial macro-
phages [NA(CD163)/NA(int)] between mild and severe
lesions (C and D). The values of the numerical densities
described in the figure represent actual values multiplied
by 103. ∗∗∗∗p<0.0001.
Supplementary 3. Figure E3: comparison of alveolar and
interstitial densities of CD68+ and CD163+ macrophages
among the 4 groups. The results of alveolar macrophages
are similar to those of total macrophages in the case of
CD68+ [NA(CD68)/NA(int)] (A), CD163+ macrophages
[NA(CD163)/NA(int)] (B), and ratio of CD68+ macrophages
to CD163+ macrophages [NA(CD68)/NA(CD163)] (C). The
interstitial density of CD68+ macrophages [NA(CD68)/
NA(int)] is similar to those of total macrophages, although
CD68+ interstitial macrophages were not detected in 9 of
12 control cases (D). The results of CD163+ interstitial
macrophages [NA(CD163)/NA(int)] are similar to those of
alveolar and total macrophages (E). The interstitial ratio of
CD68+ macrophages to CD163+ macrophages [NA(CD163)/
NA(CD68)] showed a significant increase in IPF/UIP relative
to that in the others (F). The values of numerical densities
described in the figure represent actual values multiplied by
103. ∗p<0.05, ∗∗p<0.01, ∗∗∗p<0.001, and ∗∗∗∗p<0.0001.
Supplementary 4. Figure E4: comparison of numerical densi-
ties of CD68+ and CD163+ macrophages between non-
smokers and smokers. There was no difference in CD68+

and CD163+ macrophage densities and the ratio of CD163+

macrophages to CD68+ macrophages between nonsmokers
and smokers in the normal control lungs (A–C). The ratio
of CD163+ macrophages to CD68+ macrophages showed a
decreasing trend in smoker patients with IPF/UIP relative
to that in nonsmokers (F). A significant decrease was
detected in smoker patients with NSIP relative to that in non-
smokers (H). The values of numerical densities described in
the figure represent actual values multiplied by 103. ∗p<0.05.

References

[1] American Thoracic Society and European Respiratory Society,
“American Thoracic Society/European Respiratory Society
International Multidisciplinary Consensus Classification of
the Idiopathic Interstitial Pneumonias,” American Journal of
Respiratory and Critical Care Medicine, vol. 165, no. 2,
pp. 277–304, 2002.

[2] A. L. Katzenstein and J. L. Myers, “Idiopathic pulmonary
fibrosis: clinical relevance of pathologic classification,” Ameri-
can Journal of Respiratory and Critical Care Medicine, vol. 157,
no. 4, pp. 1301–1315, 1998.

[3] W. D. Travis, K. Matsui, J. E. Moss, and V. J. Ferrans, “Idio-
pathic nonspecific interstitial pneumonia: prognostic signifi-
cance of cellular and fibrosing patterns: survival comparison
with usual interstitial pneumonia and desquamative interstitial
pneumonia,” The American Journal of Surgical Pathology,
vol. 24, no. 1, pp. 19–33, 2000.

[4] G. R. Epler, T. V. Colby, T. C. McLoud, C. B. Carrington, and
E. A. Gaensler, “Bronchiolitis obliterans organizing pneumo-
nia,” The New England Journal of Medicine, vol. 312, no. 3,
pp. 152–158, 1985.

[5] W. D. Travis, T. V. Colby, M. N. Koss, N. L. Müller,
M. Rosado-de-Christenson, and T. E. King Jr., Non-neoplastic
Disorders of the Lower Respiratory Tract, Washington, D.C,
Armed Forces Institute of Pathology and American Registry
of Pathology, 2001.

[6] P. J. Murray and T. A.Wynn, “Protective and pathogenic func-
tions of macrophage subsets,” Nature Reviews Immunology,
vol. 11, no. 11, pp. 723–737, 2011.

[7] A. Mantovani, A. Sica, S. Sozzani, P. Allavena, A. Vecchi, and
M. Locati, “The chemokine system in diverse forms of macro-
phage activation and polarization,” Trends in Immunology,
vol. 25, no. 12, pp. 677–686, 2004.

[8] J. MacMicking, Q. W. Xie, and C. Nathan, “Nitric oxide and
macrophage function,” Annual Review of Immunology,
vol. 15, no. 1, pp. 323–350, 1997.

[9] F. A. Verreck, T. de Boer, D. M. Langenberg et al., “Human
IL-23-producing type 1 macrophages promote but IL-10-
producing type 2 macrophages subvert immunity to
(myco)bacteria,” Proceedings of the National Academy of
Sciences of the United States of America, vol. 101, no. 13,
pp. 4560–4565, 2004.

[10] A. Sindrilaru, T. Peters, S. Wieschalka et al., “An unre-
strained proinflammatory M1 macrophage population
induced by iron impairs wound healing in humans and
mice,” The Journal of Clinical Investigation, vol. 12,
pp. 985–997, 2011.

[11] M. Stein, S. Keshav, N. Harris, and S. Gordon, “Interleukin 4
potently enhances murine macrophage mannose receptor
activity: a marker of alternative immunologic macrophage

7Journal of Immunology Research

http://downloads.hindawi.com/journals/jir/2018/1436236.f1.pptx
http://downloads.hindawi.com/journals/jir/2018/1436236.f2.pptx
http://downloads.hindawi.com/journals/jir/2018/1436236.f3.pptx
http://downloads.hindawi.com/journals/jir/2018/1436236.f4.pptx


activation,” The Journal of Experimental Medicine, vol. 176,
no. 1, pp. 287–292, 1992.

[12] A. G. Doyle, G. Herbein, L. J. Montaner et al., “Interleukin-13
alters the activation state of murine macrophages in vitro:
comparison with interleukin-4 and interferon-γ,” European
Journal of Immunology, vol. 24, no. 6, pp. 1441–1445, 1994.

[13] T. A. Wynn, “Fibrotic disease and the TH1/TH2 paradigm,”
Nature Reviews Immunology, vol. 4, no. 8, pp. 583–594, 2004.

[14] I. Nagaoka, B. C. Trapnell, and R. G. Crystal, “Upregulation of
platelet-derived growth factor-A and -B gene expression in
alveolar macrophages of individuals with idiopathic pulmo-
nary fibrosis,” The Journal of Clinical Investigation, vol. 85,
no. 6, pp. 2023–2027, 1990.

[15] T. J. Broekelmann, A. H. Limper, T. V. Colby, and J. A.
McDonald, “Transforming growth factor beta 1 is present
at sites of extracellular matrix gene expression in human
pulmonary fibrosis,” Proceedings of the National Academy
of Sciences of the United States of America, vol. 88, no. 15,
pp. 6642–6646, 1991.

[16] C. Q. F. Klessens, M. Zandbergen, R. Wolterbeek et al.,
“Macrophages in diabetic nephropathy in patients with type
2 diabetes,” Nephrology, Dialysis, Transplantation, vol. 32,
pp. 1322–1329, 2017.

[17] P. Lohneis, S. Wienert, F. Klauschen, I. Anagnostopoulos, and
K. Jöhrens, “Fibrosis in low-grade follicular lymphoma – a link
to the TH2 immune reaction,” Leukemia & Lymphoma,
vol. 58, no. 5, pp. 1190–1196, 2017.

[18] T. Nakayama, Y. Sugano, T. Yokokawa et al., “Clinical impact
of the presence of macrophages in endomyocardial biopsies of
patients with dilated cardiomyopathy,” European Journal of
Heart Failure, vol. 19, no. 4, pp. 490–498, 2017.

[19] J. S. Costa, R. Alves, V. Sousa et al., “Fibrogenesis in kidney
transplant: dysfunction progress biomarkers,” Transplanta-
tion Proceedings, vol. 49, no. 4, pp. 787–791, 2017.

[20] M. Kristiansen, J. H. Graversen, C. Jacobsen et al., “Identifica-
tion of the haemoglobin scavenger receptor,” Nature, vol. 409,
no. 6817, pp. 198–201, 2001.

[21] M. A. Gibbons, M. K. AC, P. Ramachandran et al., “Ly6Chi

monocytes direct alternatively activated profibrotic macro-
phage regulation of lung fibrosis,” American Journal of Respi-
ratory and Critical Care Medicine, vol. 184, no. 5, pp. 569–
581, 2011.

[22] J. S. Duffield, S. J. Forbes, C. M. Constandinou et al., “Selective
depletion of macrophages reveals distinct, opposing roles
during liver injury and repair,” The Journal of Clinical Investi-
gation, vol. 115, no. 1, pp. 56–65, 2005.

[23] W. Y. Tsang and J. K. Chan, “KP1 (CD68) staining of granular
cell neoplasms: is KP1 a marker for lysosomes rather than the
histiocytic lineage?,” Histopathology, vol. 21, no. 1, pp. 84–86,
1992.

[24] American Thoracic Society, “Idiopathic pulmonary fibrosis:
diagnosis and treatment. International consensus statement.
American Thoracic Society (ATS), and the European Respira-
tory Society (ERS),” American Journal of Respiratory and
Critical Care Medicine, vol. 161, pp. 646–664, 2000.

[25] M. Yamashita, N. Iwama, F. Date et al., “Macrophages partic-
ipate in lymphangiogenesis in idiopathic diffuse alveolar
damage through CCL19-CCR7 signal,” Human Pathology,
vol. 40, no. 11, pp. 1553–1563, 2009.

[26] T. Ashcroft, J. M. Simpson, and V. Timbrell, “Simple method
of estimating severity of pulmonary fibrosis on a numerical

scale,” Journal of Clinical Pathology, vol. 41, no. 4, pp. 467–
470, 1988.

[27] A. R. Lara, G. P. Cosgrove, W. J. Janssen et al., “Increased lym-
phatic vessel length is associated with the fibroblast reticulum
and disease severity in usual interstitial pneumonia and non-
specific interstitial pneumonia,” Chest, vol. 142, no. 6,
pp. 1569–1576, 2012.

[28] M. Yamashita, N. Iwama, F. Date et al., “Characterization of
lymphangiogenesis in various stages of idiopathic diffuse alve-
olar damage,” Human Pathology, vol. 40, no. 4, pp. 542–551,
2009.

[29] R. M. Gardner and J. L. Hankinson, “Standardization of spi-
rometry–1987 ATS update (American Thoracic Society),”
Journal of Occupational Medicine, vol. 30, no. 3, pp. 272-273,
1988.

[30] M. R. Miller, J. Hankinson, and V. Brusasco, “Standardisation
of spirometry,” The European Respiratory Journal, vol. 26,
no. 2, pp. 319–338, 2005.

[31] J. A. Swets, “Measuring the accuracy of diagnostic systems,”
Science, vol. 240, no. 4857, pp. 1285–1293, 1988.

[32] P. Wojtan, M. Mierzejewski, I. Osińska, and J. Domagała-
Kulawik, “Macrophage polarization in interstitial lung dis-
eases,” Central European Journal of Immunology, vol. 41,
no. 2, pp. 159–164, 2016.

[33] Q. Ye, Y. Dalavanga, N. Poulakis, S. U. Sixt, J. Guzman, and
U. Costabel, “Decreased expression of haem oxygenase-1 by
alveolar macrophages in idiopathic pulmonary fibrosis,” The
European Respiratory Journal, vol. 31, no. 5, pp. 1030–1036,
2008.

[34] R. B. Christmann, P. Sampaio-Barros, G. Stifano et al., “Asso-
ciation of interferon- and transforming growth factor β–regu-
lated genes and macrophage activation with systemic
sclerosis–related progressive lung fibrosis,” Arthritis & Rhe-
matology, vol. 66, no. 3, pp. 714–725, 2014.

[35] S. K. Mathai, M. Gulati, X. Peng et al., “Circulating monocytes
from systemic sclerosis patients with interstitial lung disease
show an enhanced profibrotic phenotype,” Laboratory Investi-
gation, vol. 90, no. 6, pp. 812–823, 2010.

[36] R. Shaykhiev, A. Krause, J. Salit et al., “Smoking-dependent
reprogramming of alveolar macrophage polarization: implica-
tion for pathogenesis of chronic obstructive pulmonary dis-
ease,” Journal of Immunology, vol. 183, no. 4, pp. 2867–2883,
2009.

[37] A. L. Katzenstein, S. Mukhopadhyay, and J. L. Myers, “Diagno-
sis of usual interstitial pneumonia and distinction from other
fibrosing interstitial lung diseases,” Human Pathology,
vol. 39, no. 9, pp. 1275–1294, 2008.

[38] M. Thomeer, M. Demedts, J. Behr et al., “Multidisciplinary
interobserver agreement in the diagnosis of idiopathic pulmo-
nary fibrosis,” The European Respiratory Journal, vol. 31, no. 3,
pp. 585–591, 2008.

8 Journal of Immunology Research



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

