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Abstract
Cancer-associated fibroblasts (CAFs), activated fibroblasts in a cancer microenvironment, exert various effects upon carcinoma
cells including lung adenocarcinoma cells. Various markers identifying CAFs have been proposed, but the correlations among
these markers proposed and their clinicopathological significance have remained largely unknown. Therefore, in this study, we
immunohistochemically evaluated the expression of alpha-smooth muscle actin (α-SMA), podoplanin, and periostin among
these proposed markers in 92 cases of lung adenocarcinoma. These three markers were weakly correlated, but the relative
abundance of α-SMA was significantly associated with high Ki-67 labelling index (LI), lymph node metastasis, and low 5-
year overall survival (OS) rate of the patients. That of podoplanin was significantly associated with high pTand Ki-67 LI, distant
metastasis, and low 5-year OS rate and that of periostin with high pT and Ki-67 LI. We then tentatively subclassified these cases
into four groups according to high or low status of each of paired markers: α-SMA/podoplanin, α-SMA/periostin, and periostin/
podoplanin. The α-SMA high/podoplanin high group was associated with the lowest survival rate (53.3%) among the four
groups with significance. However, there were no significant differences in overall survival when the patients were classified
according to the combinations ofα-SMA/periostin or periostin/podoplanin. Results of our study firstly revealed the heterogeneity
of CAFs in human lung adenocarcinoma tissue, and the analysis employing multiple markers of CAFs is generally required to
study the clinical significance of CAFs in clinical materials.
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Introduction

Cancer-associated fibroblasts (CAFs) are activated fibroblasts in
a cancer microenvironment. CAFs interact with carcinoma cells
and other components of the microenvironment, including im-
mune cells and blood vessels, thereby influencing the biological
behavior of carcinoma cells, such as their proliferation, migra-
tion, and invasion. In lung adenocarcinoma, CAFs have been
reported to influence the prognosis and resistance to chemother-
apy [1]. In addition, CAFs have been proposed to be derived
from various cells such as resident fibroblasts, bone marrow-
derived progenitor cells, or even epithelial carcinoma cells un-
dergoing epithelial-to-mesenchymal transition [1–4]. Therefore,
considering the various origins above, CAFs that have under-
gone genetic and/or epigenetic regulation are considered to be
highly heterogeneous and vary in their function [1–4] but this has
not necessarily been studied in detail in human malignancy.
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Morphologically, CAFs are known to be similar to activat-
ed fibroblasts detected in wound healing, but it is pivotal to
identify the marker proteins that could characterize CAFs.
Among the proteins proposed, alpha-smooth muscle actin
(α-SMA) has been widely used to detect CAFs at both
in vivo and in vitro levels [1, 5–7]. In addition to α-SMA,
various other proteins, such as podoplanin, periostin, fibro-
blast activation protein (FAP), platelet-derived growth factor
receptor-α/β (PDGFR-α/β), paladin, tenascin-C, neural/glial
antigen 2 (NG2), and CD90, have been proposed as CAF
markers [3, 4]. Among these CAF markers, in this study, we
examined the expression of α-SMA, podoplanin, and
periostin in lung adenocarcinoma tissue.

α-SMA has been considered as a potential marker of acti-
vated fibroblasts, which could proliferate, migrate, and secrete
cytokines and extracellular matrix [1–4]. Results of in vitro
studies did demonstrate that CAFs in non–small cell lung
cancer (NSCLC) expressed abundant amounts of α-SMA
than fibroblasts that resided in normal tissue [5, 6]. α-SMA
was also reported abundant in tumor stroma of the cases har-
boring aggressive biological behavior in various human ma-
lignancies including NSCLC [7].

Podoplanin is expressed in the endothelium of lymphatic
vessels and podocytes [8], and its expression in cancer stroma
was also regarded as a prognostic marker as mentioned below.
Kitano et al. reported that the status of podoplanin in stroma of
lung adenocarcinoma was associated with lymphangiogenesis
and poor clinical outcome [9]. Neri et al. also demonstrated that
the presence of podoplanin-positive CAFs in metastatic lymph
nodes was associated with shorter overall survival in the pa-
tients with stage III lung adenocarcinoma [10]. In addition,
Saruwatari et al. reported that solid-predominant adenocarcino-
ma of the lung, which is associated with aggressive biological
behavior, harbors much more podoplanin-positive CAFs [11].

Periostin belongs to a group of matricellular or nonstruc-
tural ECM protein and is secreted by fibroblasts especially at
the sites of inflammation. Periostin was also reported to be
abundant in cancer tissue and plays pivotal roles in promoting
cancer invasion and metastasis [12]. Soltermann et al. did
reveal that periostin status in tumor stroma was significantly
associated with relapse of NSCLC patients [13].

As described above, the biological or clinical significance
of CAFs detected by the singlemarker has been relatively well
studied but the correlation among these markers has not nec-
essarily been studied in human malignancies including lung
adenocarcinoma in which cancer stroma is particularly con-
sidered important in its biological behavior [14]. Therefore, in
this study, we first examined the association between the clin-
icopathological features and the expression of individual
markers in lung adenocarcinoma tissues. We then tentatively
classified the patients into four different groups according to
low or high expression status of paired markers. We subse-
quently assessed the prognostic value of each pair of these

markers to evaluate which pair(s) could predict clinical out-
come of the patients with lung adenocarcinoma in order to
further explore the potential value of the markers detecting
CAFs in clinical materials of lung adenocarcinoma.

Materials and methods

Patients

This study included 92 patients who had undergone surgical
resection for lung adenocarcinoma at Tohoku University
Hospital from 2003 to 2005. None of the patients received
chemotherapy nor radiation therapy before the surgery. The
clinicopathological characteristics of the patients were sum-
marized in Supplementary Table S1 (Online Resource 1). The
protocol for this study was approved by the Ethics Committee
at the Tohoku University School of Medicine (2018-193).
This study has been performed in accordance with the
Declaration of Helsinki.

Pathological evaluation

Pathological diagnosis was made according to the 2015World
Health Organization classification of lung tumors [14]. All the
specimens examined were classified into variants according to
the predominant subtype after the percentage of each subtype
was evaluated. We also classified specimens according to the
presence or absence of solid component, micropapillary com-
ponent, mucinous component, and necrosis.

Immunohistochemistry

Specimens of lung adenocarcinoma tissues were fixed in 10%
neutral formalin and embedded in paraffin. The antibodies used
in this studywereα-SMA (dilution, 1/3000; clone, 1A4;DAKO,
Carpinteria, CA, USA), periostin (dilution, 1/3000; catalog
number, ab14041; Abcam, Cambridge, UK), podoplanin (dilu-
tion, 1/200; clone, D2-40; Signet Laboratories Inc., Dedham,
MA, USA), Ki-67 (dilution, 1/100; clone, MIB-1; DAKO).
Antigen retrieval for podoplanin immunostain was performed
by microwaving the tissues in citric acid for 15 min and that
for Ki-67 by autoclaving the tissues in citric acid for 5 min at
121 °C. Immunostaining ofα-SMA and periostinwas conducted
using a Histofine Kit (Nichirei Bioscience, Tokyo, Japan), ac-
cording to the manufacturer’s instructions. Envision (Dako) was
used for immunostaining of podoplanin. Immune complexes
were detected with 3, 3-diaminobenzidine (DAB), and tissues
were counterstained with hematoxylin.

All the slides were evaluated independently by two of the
authors (C.I. and D.T.) using a light microscope. The percentage
of the tumor stromal area positive for α-SMA, podoplanin, and
periostin was evaluated respectively according to the
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methodologies of previous reports [15–18]. The Ki-67 labelling
index (LI) was determined by counting 1000 tumor cells in the
hot spots.

Statistical analysis

All statistical analyses were performed using JMP Pro 14.0.0
(SAS Institute, Tokyo, Japan). Correlation between CAF
markers was evaluated by Spearman’s rank correlation coef-
ficient. Statistical differences between the groups were evalu-
ated by Wilcoxon signed-rank test, Pearson’s chi-square test,
Fisher’s exact test, or Spearman’s rank correlation coefficient.
Five-year overall survival curves were generated according to
the Kaplan-Meier method, and the statistical significance was
calculated using the log-rank test. Statistical significance was
defined as p < 0.05.

Results

Immunoreactivity of α-SMA, podoplanin, and periostin was
detected in the cytoplasm of fibroblast-like stromal cells in
lung adenocarcinoma tissues (Fig. 1).α-SMA and podoplanin
immunoreactivity was detected in intratumoral vascular
smooth muscle cells and lymphatic epithelial cells, respective-
ly. No immunoreactivities of α-SMA and podoplanin were
detected in carcinoma cells, while that of periostin was detect-
ed very weakly in carcinoma cells.

The relatively weakly positive correlations were detected
between the percentage of CAFs identified by the markers
employed and total tumor stromal area as follows (α-SMA
vs podoplanin: ρ = 0.3677, p = 0.0003; periostin vs α-SMA:
ρ = 0.2789, p = 0.0071; podoplanin vs periostin: ρ = 0.2998,
p = 0.0037) (Supplementary Fig. S1; Online Resource 1).

The median values ofα-SMA-, podoplanin-, and periostin-
positive areas to total tumor stromal area were 60, 0, and 40%,
respectively (Supplementary Fig. S1; Online Resource 1). The
patients were then tentatively classified into two groups ac-
cording to the median percentage value of each marker as
follows: α-SMA high- (≥ 60%) and α-SMA low-expression
group (< 60%); podoplanin high- (≥ 1%) and podoplanin low-
expression group (< 1%); and periostin high- (≥ 40%) and
periostin low-expression group (< 40%).

The intratumoral status of α-SMA was significantly posi-
tively associated with the presence of solid component (p =
0.003) and necrosis (p = 0.002) in the tumor tissues and high
pN (p = 0.045) and Ki-67 LI (p = 0.006) of the cases exam-
ined, and tended to be associated with high pStage (p = 0.070)
(Table 1). That of podoplanin was significantly associated
with the presence of necrosis in the tumors (p = 0.005),
smoking history (p = 0.005), high Brinkman index (p =
0.003), pStage (p = 0.022), pT (p = 0.032), cM (p = 0.020),
and Ki-67 LI (p < 0.0001). In addition, the intratumoral

podoplanin-positive areas were significantly higher in men
than in women (p = 0.021) (Table 1). The intratumoral
periostin status tended to be associated with large size of tu-
mor (p = 0.063), high pT (p = 0.099), and Ki-67 (p = 0.055),
but these correlations did not reach statistical significance.
The intratumoral periostin-positive area was also significantly
higher in men than in women (p = 0.036). There were no sta-
tistically significant associations between the intratumoral sta-
tus of periostin and histological features including variants
and the presence or absence of intratumoral necrosis
(Table 1). Intratumoral α-SMA and podoplanin status were
significantly associated with a lower 5-year overall survival
(OS) rate (α-SMA high, 61.2%; α-SMA low, 88.4%, p =
0.0044; podoplanin high, 60.5%; podoplanin low, 85.7%,
p = 0.0096) (Fig. 2a, b). There were no statistically significant
associations between the intratumoral status of periostin and
the 5-year OS rate (periostin high, 72.5%; podoplanin low,
75.6%, p = 0.7678) (Fig. 2c).

We then subclassified the patients into four groups according
to high or low expression of each of paired markers, α-SMA/
podoplanin, α-SMA/periostin, and periostin/podoplanin. When
the patients were classified into four groups according toα-SMA
and podoplanin status, survival analysis did reveal statistically
significant differences among these groups (χ2 = 9.1555, p =
0.0273) (Fig. 3a). Those in the α-SMA high/podoplanin high
group of patients had the lowest survival rate among these four
groups (53.3%). The survival curve of the α-SMA high/
podoplanin high group also revealed statistically significant dif-
ference compared to the survival curves of the α-SMA high/
podoplanin low group (χ2 = 3.8353, p = 0.0402) and the α-
SMA low/podoplanin low group (χ2 = 6.9347, p = 0.0085)
(Table 2). No statistically significant differences were detected
between survival curves among those groups above when the
patients were divided into four groups according to the status
of α-SMA/periostin or periostin/podoplanin (α-SMA/periostin:
χ2 = 3.8666, p = 0.2762; periostin/podoplanin: χ2 = 7.0783, p=
0.0694) (Fig. 3b, c).

Discussion

CAFs are well known to harbor various features and also to be
derived from diverse origins of the cells [1–4]. CD68-positive
macrophages are well known to be classified into M1 and M2
macrophages according to the expression profiles of function-
al protein markers, and these intratumoral macrophages are
called tumor-associated macrophages (TAMs) [19].
Characterizing CAFs according to their functions, however,
has still remained unestablished compared to TAMs above.
However, employment of multiple markers could make it pos-
sible to further classify CAFs according to their functions as in
the cases of TAMs above. This will also help us identify novel
prognostic factors and therapeutic targets related to carcinoma
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stromal interaction. In our present study, we did detect a het-
erogeneous intratumoral distribution of CAFs according to
each marker, and the degree of this particular heterogeneity
of the CAFs varied among different cases of lung adenocarci-
noma. Therefore, considering this rather enormous
intratumoral heterogeneity, multiple markers are definitively
considered to be required to identify CAFs in the whole tissue
sections and the examinations using tissue-microarray or bi-
opsy specimens could be associated with difficulties in inter-
pretation of the findings obtained. Therefore, in this study, we
employed the whole slide in all the cases examined in order to
more accurately explore the status of CAFs.

The status of relatively abundant α-SMA was signif-
icantly associated with high Ki-67 LI, lymph node me-
tastasis (pN), and low 5-year overall survival (OS) rate.
These results are all consistent with those of previously
reported studies [7]. In addition, the status of
intratumoral α-SMA-positive CAFs ranged from 1 to
90%, indicating that α-SMA is a highly sensitive surro-
gate marker of CAFs, and the amount of CAFs also
varies among the cases of lung adenocarcinoma.

Compared to α-SMA, intratumoral podoplanin status was
lower than 1% in nearly half of the cases examined in our
present study. The status of high podoplanin was significantly
associated with tumor proliferation or growth (pT, Ki-67 LI),
distant metastasis (cM), and low 5-year OS rate. Koriyama
et al. also reported that the presence of podoplanin-positive
CAFs was significantly associated with a shorter period of
progression-free survival in lung adenocarcinoma patients
treated with platinum-based chemotherapy [20]. Yoshida
et al. further reported that podoplanin-positive CAFs induced
therapeutic resistance to EGFR-TKI [21]. Therefore, in our
present study, resistance to chemotherapy, induced by
podoplanin-positive CAFs, was considered to result in a lower
5-year OS rate of the patients with relatively high intratumoral
podoplanin status. These findings all indicated that
podoplanin could be a rather specific surrogate marker of
those CAFs. The Brinkman index was also significantly
higher in those with relatively high intratumoral podoplanin
abundance. Inflammatory cytokines are known to upregulate
podoplanin expression [22], suggesting that smoking-related
inflammation induced the expression of podoplanin in the

a
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d

f

Fig. 1 Immunolocalization of α-
SMA (a high, b low expression),
periostin (c high, d low), and
podoplanin (e high, f low) in
samples of tissues with lung
adenocarcinoma.
Immunolocalization of CAF
markers, α-SMA, periostin, and
podoplanin was detected in the
cytoplasm of fibroblast-like
stromal cells. Bar = 200 μm
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lung adenocarcinoma tissue microenvironment. It is therefore
possible to classify inflammation-related CAFs according to
the status of intratumoral podoplanin status, but further inves-
tigations are required for clarification.

High intratumoral periostin status was also significantly
associated with tumor growth (high pT and Ki-67 LI), but
no statistical association was detected between intratumoral
periostin status and distant/lymph node metastasis (high pN
and cM) in our present study. Soltermann et al. reported sim-
ilar results, i.e., that periostin status in tumor stroma of
NSCLC was significantly associated with a higher clinical
stage, pT, larger tumor size, and tumor recurrence [13]. A

previous in vitro study demonstrated that overexpression of
periostin in lung adenocarcinoma cells promoted their prolif-
eration and migration [23]. In other types of human malignan-
cies, increased periostin secretion by CAFs was also reported
to promote the cell proliferation of carcinoma cells via activa-
tion of the Erk pathway [24].

In this study, the intratumoral status of α-SMAwas signif-
icantly associated with the presence of solid component and
necrosis in the tumor tissues, and that of podoplanin was as-
sociated with the presence of necrosis in the tumor tissues.
Saruwatari et al. reported that solid-predominant adenocarci-
noma of the lung harbored much more podoplanin-positive

Table 1 Clinicopathological parameters of patients with high/low expression of each CAF marker

α-SMA p value Podoplanin p value Periostin p value

High Low High Low High Low

Age (years) Median 65 70 0.087 66 68 0.897 68 66 0.261
Max 78 82 79 82 82 79
Min 30 45 37 30 37 30

Sex Men 32 20 0.092 30 22 0.021* 34 18 0.036*
Women 17 23 13 27 17 23

Smoking Smoker 33 23 0.203 33 23 0.005* 35 21 0.132
Never 16 20 10 26 16 20

Brinkman index Median 520 240 0.122 700 0 520 60 0.144
Max 1840 1920 1920 1560 0.003* 1920 1840
Min 0 0 0 0 0 0

Size of tumor (mm) Median 23 25 0.174 25 23 0.126 25 24 0.063
Max 75 70 70 75 75 55
Min 10 10 10 10 10 10

pStage I 28 31 0.070 23 36 0.022* 31 28 0.718
II 5 5 5 5 8 2
III 11 7 10 8 10 8
IV 5 0 5 0 2 3

pT 1 28 26 0.704 20 34 0.032* 26 28 0.099
2 15 13 17 11 18 10
3 2 1 2 1 3 0
4 4 3 4 3 4 3

pN 0 35 38 0.045* 31 42 0.094 41 32 0.749
1 3 1 2 2 3 1
2 10 4 9 5 6 8
3 1 0 1 0 1 0

cM 0 0 0 0.058 0 0 0.020* 49 38 0.653
1 5 0 5 0 2 3

Ki-67 LI (%) Median 17.5 9.1 0.006* 23.9 7.6 <0.0001* 15.9 9.3 0.055
Max 87.2 86.7 86.7 87.2 86.7 87.2
Min 1.1 0.9 2.6 0.9 0.9 1.1

Variant Lepidic 7 15 0.008* 7 15 0.236 11 11 0.848
Acinar 7 2 6 3 5 4
Papillary 19 18 15 22 19 18
Solid 10 0 7 3 7 3
Mucinous 5 7 7 5 8 4
Pleomorphic 1 1 1 1 1 1

Solid component Presence 14 2 0.003* 9 7 0.424 10 6 0.590
Absence 35 41 34 42 41 35

Micropapillary component Presence 3 3 1.000 4 2 0.413 4 2 0.689
Absence 46 40 39 47 47 39

Mucinous component Presence 2 6 0.537 7 5 0.537 8 4 0.538
Absence 47 37 36 44 43 37

Necrosis Presence 17 3 0.002* 15 5 0.005* 15 5 0.074
Absence 32 40 28 44 36 36

*Statistically significant
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CAFs, and they suggested that podoplanin-positive CAFs
could contribute to enhanced carcinoma cell invasion and de-
velopment of metastasis [11]. α-SMA-positive CAFs could
also play a more crucial role for the development of solid-
predominant adenocarcinoma than podoplanin-positive
CAFs do. Previous in vitro studies showed that hypoxia pro-
moted an activation of fibroblasts [25, 26]. Hypoxia generally
induces necrosis and may also activate fibroblasts in the tumor
to increase CAFs. CAFs are also well known to promote the
proliferation of carcinoma cells [1–4] and could result in lung
adenocarcinoma with solid component. The presence of ne-
crosis was associated with much α-SMA-positive CAFs and
podoplanin-positive CAFs in the tissue. However, hypoxia
was also reported to inactivate CAFs [27]. Further in vitro
and/or in vivo studies will be required to clarify the correlation
among histological variant, necrosis, and CAF markers.

Kilvaer et al. reported that the expression of FAP-1, but not
that of α-SMA, was significantly correlated with the status of
HIF2, LDH5, FOXP3, CSF1R, and miR21 in NSCLC l tumor
stroma [16]. Nishishita et al. also reported α-SMA subtraction
(obtained using α-SMA-positive and desmin-negative regions)
revealed marked correlation with regions positive for collagen I
and a weak correlation in the regions positive for PDGFRβ and
D2-40 (also known as podoplanin-positive region) in colon
cancer [28]. In this study, we firstly did demonstrate relatively
weak positive correlations between the status of α-SMA and
podoplanin, α-SMA and periostin, and periostin and
podoplanin. Podoplanin was immunolocalized in a rather small
area of tumor stroma in lung adenocarcinoma tissue compared
to the much wider immunolocalization of α-SMA and
periostin. The weakest correlation was actually detected be-
tween the status of α-SMA and periostin. Periostin-positive

-SMA High 61.2%

-SMA Low 88.4%

Su
rv

iv
al

 ra
te

Time (days)

p=0.0044

-SMA 

podoplanin

perios�n

Su
rv

iv
al

 ra
te

Time (days)

Su
rv

iv
al

 ra
te

Time (days)

podoplanin High 60.5%

podoplanin Low 85.7%

p=0.0096

perios�n High 72.5%

perios�n Low 75.6%

p=0.7678

1.0

0.8

0.6

0.4

0.2

0.0
0 500 1000 1500 2000

1.0

0.8

0.6

0.4

0.2

0.0
0 500 1000 1500 2000

1.0

0.8

0.6

0.4

0.2

0.0
0 500 1000 1500 2000

a

b

c

Fig. 2 The association between
overall survival and the
expression status of α-SMA (a),
periostin (b), and podoplanin (c)
immunoreactivity of the patients
with lung adenocarcinoma cases
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areas were larger than α-SMA-positive areas in 23 patients,
indicating that not all α-SMA-positive CAFs were positive
for periostin. Soltermann et al. examined periostin expression
in cancer cells and reported its association with sex (men >
women), higher stage, higher pT, and larger tumor size [13],
whereas, in our study, negative or weakly positive expression
of periostin in adenocarcinoma cells. Stromal cells, including
CAFs, could be the main source of periostin in lung adenocar-
cinoma tissue. Further investigations such as double immuno-
histochemistry could provide detailed information as to CAFs.

We used the expression of α-SMA and podoplanin, α-
SMA and periostin, and periostin and podoplanin in order to
analyze the survival of patients with lung adenocarcinoma.
We detected no significant differences in overall survival be-
tween four groups when the patients were grouped according
to the combinations of α-SMA/periostin or periostin/
podoplanin. The group with high expression of α-SMA and
podoplanin was significantly associated with a lower overall
survival rate compared with that with high α-SMA and low
podoplanin, and that with low α-SMA and podoplanin. These
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Fig. 3 The association between
overall survival and the
expression status of each pair of
CAF markers in the patients with
adenocarcinoma (a α-SMA and
podoplanin, b α-SMA and
periostin, c periostin and
podoplanin)

Table 2 Survival analyses between the patients divided into four groups according to the expression of α-SMA and podoplanin

α-SMA high
podoplanin high

α-SMA high
podoplanin low

α-SMA low
podoplanin high

α-SMA high, podoplanin low χ2 = 3.8353, p = 0.0402*

α-SMA low, podoplanin high χ2 = 1.4366, p = 0.2307 χ2 = 0.1707, p = 0.6795

α-SMA low, podoplanin low χ2 = 6.9347, p = 0.0085* χ2 = 0.3647, p = 0.5459 χ2 = 0.9848, p = 0.3210

*Statistically significant

Virchows Arch (2019) 475:181–189 187



results did indicate poor prognosis for patients with lung ade-
nocarcinoma containing podoplanin-positive CAFs and mas-
sive α-SMA-positive CAF populations in the tumor stroma.
The 5-year overall survival rate of the group with high α-
SMA and podoplanin was 53.3% (Fig. 3a), lower than that
of the group with high α-SMA (61.2%) (Fig. 2a) and high
podoplanin (60.5%) (Fig. 2b). CAFs arise from various types
of cells and demonstrated heterogeneity in cancer tissues. The
origins of CAFs include resident tissue fibroblasts and bone
marrow-derivedmesenchymal stem cells [29]. The expression
of α-SMA and podoplanin is lower in normal fibroblasts than
in CAFs [30], indicating that α-SMA- and podoplanin-
positive CAFs might arise from marrow-derived mesenchy-
mal stem cells. In addition, as described previously, the status
of podoplanin could be related to inflammation in the cancer
microenvironment. Periostin is also recognized as a marker of
inflammation in the airway and pulmonary fibrosis in inflam-
matory lung disease [31]. Evaluating CAFmarkers could pro-
vide a novel classification system of the patients with lung
adenocarcinoma. However, further studies evaluating various
CAF markers should help to clarify the significance of hetero-
geneous CAF populations.

Conclusion

In this study, we evaluated the status of three different
CAF markers in lung adenocarcinoma tissue in order to
identify CAFs that could promote tumor malignancy and
indicate poor prognosis. The presence of podoplanin-
positive CAFs and massive α-SMA-positive CAFs in
tumor stroma of lung adenocarcinoma indicated the poor
prognosis of the patients. Immunohistochemical analysis
using multiple CAF markers in the same patient cohort
should help identify a combination of markers of CAFs
corresponding to specific CAF functions.
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