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Prognostic Effect of Stromal Myofibroblasts in Lung Adenocarcinoma
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Myofibroblasts are special cells with the features of both fibroblasts and smooth muscle cells, which are one of the most
important cells in tumor stroma. The role of myofibroblasts in tumor stroma remains disputable. Some authors suggested that
myofibroblasts can facilitate tumor progress, and another considered that myofibroblasts could prevent tumor cells diffusing.
Bronchioloalveolar carcinoma (BAC) is a kind of adenocarcinoma in situ. With the destruction of the alveolar framework
by tumor growth, BAC develops into mixed BAC and invasive adenocarcinoma, which is a natural model of transformation
from carcinoma in situ to invasive carcinoma. In this study, the expression of myofibroblasts in BAC, mix-BAC and invasive
adenocarcinoma was examined by immunohistochemical staining of surgical specimens from 102 patients. The results showed
that positive expression of myofibroblasts in pure BAC (2/15, 13.33%) group was lower than in mix-BAC (17/38, 44.74%) and
invasive adenocarcinoma (29/49, 59.18%) respectively, (p<0.05, p<0.01). In addition, myofibroblast positive expression was
associated with lymph node metastasis, high stage, high grade, vascular invasion and shortened survival time in patients with
lung adenocarcinoma. These data suggest that myofibroblasts are likely to facilitate the invasion and metastasis of the lung
adenocarcinoma, and can be used as a prognostic marker. Myofibroblasts may become even a new target for treatment.
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In China, the incidence of the lung cancer is the first in city,
and the forth in countryside. Usually, most of patients with
lung cancer had been lost the opportunity of surgery because
they were in advanced stage when they went to a hospital, and
many postsurgery patients had poor prognosis because of the
distant metastasis.

Myofibroblasts are special cells with the features of both
fibroblasts and smooth muscle cells, which are one of the most
important cells in tumor stroma.

Myofibroblasts are classified into four subtype on the basis
of their cytoskeletal elements[5]—the presence and/or absence
of microfilaments (a-SMA, A) and intermediate filaments
(desmin D and vimentin V): V, VD, VA, and VAD.

Myofibroblasts in tumor stroma were also called carcinoma
associated fibroblasts. Many findings suggested that most my-
ofibroblasts come from fibroblasts [1], some came from bone
marrow-derived cells [2] and epithelial-mesenchymal transi-
tion cells [3] and others. They can express many cytokines,
protease and adhesion molecules. There is increasing evidence
to suggest that myofibroblasts play an important role during
tumor progress [4,5]. Previous studies tended to suggest that

the myofibroblasts are protective cells to prevent the growth
and migration of tumor cells. Currently, more and more studies
suggested that myofibroblasts in tumor have close association
with tumor cells invasion.

In order to study the role of myofibroblasts in lung adeno-
carcinoma, we carried out a clinicopathological study on the
relationship between the myofibroblasts and tumor. This can
provide more evidence for the mechanism of invasion and
metastasis of lung adenocarcinoma.

Patients and methods

Patients. 102 patients with primary lung adenocarcinoma,
which tumor size was less than or equal to 3cm in maximum
diameter, from 2003 through 2007 were selected from the da-
tabase of the Shengjing Hospital of China Medical University.
The patients consisted of 43 men and 59 women. Median age
was 57 years old (range, 29-85). None of them had preopera-
tive chemotherapy or radiotherapy. Based on the TNM stage
system, 44 patients were in staged I, 18 in II, 37 in IIT and 3 in
IV. According to the WHO classification, the tumors were clas-
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sified into pure Bronchioloalveolar carcinoma (BAC), mixed
BAC (BAC is the main component of the tumor) and other
invasive adenocarcinoma (non-BAC). Of them, 67 patients had
clinical follow-up. The followed-up period was 32 months to
78 months. 40 patients were alive and 27 died.

The tumors were fixed in 10% neutral formalin and were
embedded in paraffin. All sections were stained with Hema-
toxylin-eosin, Masson and immunohistochemical staining.

Masson's Trichrome staining. After deparaffinized and
dehydrated, the sections were immersed into hematoxylin
for 30 seconds followed by iron alum sulfate solution for
15 min. Then they were put in ponceau S solution, 1% phos-
phomolybdic acid solution and 2% aniline blue solution at
room temperature respectively. After dehydrated and clear,
the sections were mount.

Immunohistochemistry. Immunohistochemistry was per-
formed using a PV9000 IHC kit (Zhongshan Biological Inc.,
Beijing, China). Tissue sections (5-pm) were deparaffinized in
xylene and dehydrated in ethanol. Antigen recovery was proc-
essed with microwave. Sections were blocked by pretreatment
with 3% H,0, for 10 min at room temperature and incubated
respectively with primary antibodies against SMA, desmin, Vi-
mentin and CD34 (Zhongshan Biological Inc., Beijing, China.)
for 2 hour at room temperature. After the sections were incubat-
ed with reagent 1 and reagent 2 for 30 min at room temperature
respectively, DAB was used to visualize the antigen.

Interpretation of results. Stromal immunostaining for
SMA or desmin was assessed as “+” and “-”. The “+” was de-
fined as positive immunostaining in >10% stromal staining.
The “-” was defined as positve immunostaining in <10%.

Masson’s Trichrome Method can make the collagen protein
blue, smooth muscle red and cellular nucleus brown. When
tumor cells invaded the stroma, the continuity of collagen or
smooth muscle would be destructed.

Statistics. All analyses were done using SPSS statistical
software version 18.0. Statistical evaluation of correlations was
carried out using t-test. The survival curves were constructed
using Kaplan-Meier method. Statistical differences were con-
sidered to be significant for P<0.05.

Results

Myofibroblasts phenotype. The myofibroblasts in all 102
cases of lung adenocarcinoma were positive for Vimentin and
a-SMA (Fig.1a), not for desmin, The subtype of myofibroblasts
in our study was VA.

Correlation with clinicopathologic variables. In patients
with lymph nodes metastasis myofibroblasts expression was
revealed in 29 from 50 cases (58.00%), and without lymph
node metastasis in 19 from 52 (36.54%). The difference was
significant (p<0.05). In stage I and IT myofibroblasts expression
was positive in 23 from 62 (37.10%), in stage IIT and IV in 25
from 40 (62.50%), and this difference was significant (p<0.05).
The positive expression of myofibroblasts in pure BAC (2/15,
13.33%) group was lower than in mix-BAC (17/38, 44.74%)

Figure 1. a) Myofibroblasts were positive for SMA in lung adenocarcinoma
by immunohistochemistry.(x400)

b) Perivascular connective tissue was invaded by tumor cells (arrow showed
the vascular wall, Masson stain x400).

c) Bronchial wall was invaded by tumor cells (Masson stain x400).
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Figure 2. Kaplan-Meier survival curves of patients with myofibroblasts
positive or negative (P=0.015).

and non-BAC (29/49, 59.18%) respectively, (p<0.05, p<0.01).
No correlation was found for gender, age and smoking history
(Table 1).

Table 1. Associations of expression of myofibroblasts of lung carcinoma
with clinicopathologic variables

myofibroblast

Factors n ) (+) X? P
Gender

Male 43 23 20

Female 59 31 28 0.090 0.925
Age (year)

<55 41 23 18

>55 61 31 30 0.274 0.601
smoking history

Positive® 38 21 17

Negative 64 33 31 0.131 0.717
Histotype

BAC 15 13 2 4.612# 0.032

mix-BAC 38 21 17 9.667* 0.002

non-BAC 49 20 29 1.793%¢ 0.181
Lymph node metastases

Negative 52 33 19

Positive 50 21 29 4.713 0.030
TNM stage

I-II 62 39 23

I-1V 40 15 25 6.298 0.012

#BAC group VS mix-BAC group; * BAC group VS non-BAC group; ¥¢mix-BAC
group VS non-BAC group.

Athe patients who smoke at least one cigarette a day and continues smoking
more than a year.

Fig.1b) myofibroblasts expression was positive in 37 from 66
cases (56.06%), and without vascular invasion in 11 from 36
(30.56%). This difference was significant (p<0.05). Myofibrob-
lasts expression was revealed in 23 from 51(45.10%) in patients
with bronchial invasion (including peribrochial connective
tissue and bronchial wall involvement, Fig.1c), and without
bronchial invasion in 25 from 51 (49.02%) , and no statistical
difference was observed (P>0.05).

Kaplan-Meier analysis. The Kaplan-Meier survival curves
(Fig.2) for expression of myofibroblasts revealed close cor-
relation with overall survival (logrank =5.885, p=0.015). The
average survival time of patients with myofibroblasts negative
tumors (65.309+5.611months) was significantly longer than
myofibroblasts positive tumors(44.974+4.822 months).

Discussion

The role of myofibroblasts in tumor stroma remains dis-
putable. Granot D et al. [7,8] showed that myofibroblasts
produced a multitude of enzymes that could degrade the
extracellular matrix and basemembrane, which contributed
to the invasion of tumor cells. Kawashiri S et al [9]. showed
that squamous cell carcinoma of oral cavity with higher ex-
pression of myofibroblasts had poor prognosis. Orimo A et
al. [10] thought that myofibroblasts were shown to stimulate
invasive growth of breast cancer cells. On the other hand,
Caporale etal. [11,12] considered that desmoplastic reaction
was a protective factor for survival in patients with colorectal
carcinoma. Vivien J et al. [13] showed that colorectal cancer
desmoplastic reaction up-regulated collagen synthesis and
restricted cancer cell invasion.

In this paper, myofibroblast positive expression was associ-
ated with lymph node metastasis, high stage and high grade of
lung adenocarcinoma, which showed myofibroblasts promote
tumor progression.

BAC is a kind of adenocarcinoma in situ, in which the
alveolar framework is integrated. With the destruction of
the alveolar framework by tumor growth, that is, stromal

Table 2. Associations of expression of myofibroblast with invasion of lung
carcinoma

myofibroblast
n (-) (+) X2 P

Branchial invasion

Negative 51 26 25

Positive 51 28 23 0.157 0.692
Vascular invasion

Negative 36 25 11

Positive 66 29 37 6.082 0.014
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invasion, BAC develops into mixed BAC and non-BAC ad-
enocarcinoma, which is a natural model of transformation
from carcinoma in situ to invasive carcinoma. In our study,
the positive expression of myofibroblasts in pure BAC group
was lower than in mix-BAC and non-BAC respectively, which
showed that myofibroblasts played an important role from
pure BAC to invasive adenocarcinoma.

A strong relationship was observed between the positive
expression of myofibroblasts and the vascular invasion, which
revealed that myofibroblasts could promote tumor cells to
invade blood vessels and contribute tumor metastasis. But
no relationship was found between myofibroblasts positive
expression and bronchial invasion. The possible reason is that
the myofibroblasts in tumor can secret some kinds of vascular
chemotactic factors, which can make the tumor cells invade
blood vessels easily.

Kaplan-Meier survival curves showed a significant as-
sociation between increased myofibroblasts and a shortened
survival time in patients.

These data suggest that myofibroblasts were associated
with the invasion and metastasis of the lung adenocarcinoma,
and can be used as a prognostic marker. Myofibroblasts may
become even a new target for treatment.
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