
OR I G I N A L A R T I C L E

Autonomic nervous infiltration positively correlates with
pathological risk grading and poor prognosis in patients
with lung adenocarcinoma
Jing-Xin Shao1, Bo Wang2, Yi-Nan Yao1, Zhi-Jie Pan1, Qian Shen1 & Jian-Ying Zhou1

1 Department of Respiratory Diseases, School of Medicine, The First Affiliated Hospital, Zhejiang University, Hangzhou, China
2 Department of Pathology, School of Medicine, The First Affiliated Hospital, Zhejiang University, Hangzhou, China

Keywords
Autonomic nerve; lung adenocarcinoma;
parasympathetic nerve; prognosis; sympathetic
nerve.

Correspondence
Jian-Ying Zhou, Department of Respiratory
Diseases, The First Affiliated Hospital, School
of Medicine, Zhejiang University, 79 Qingchun
Road, Hangzhou, Zhejiang 310003, China.
Tel: +86 571 8723 6876
Fax: +86 571 8723 6877
Email: zjyhz@zju.edu.cn

Received: 28 March 2016;
Accepted: 31 May 2016.

doi: 10.1111/1759-7714.12374

Thoracic Cancer 7 (2016) 588–598

Abstract
Background: Perineural invasion has been found in several types of human
tumors, and is associated with poor prognosis; however, few studies have exam-
ined perineural invasion in lung cancer. We evaluated the relationship between
autonomic nervous densities, pathological risk grading, and prognosis in patients
with lung adenocarcinoma (LADC).
Methods: Neural fiber expression was examined by immunofluorescence in
resected lung specimens in control patients (n = 30), and low-risk (n = 22), and
high-risk LADC patients (n = 43). The nerve densities of normal lung tissue and
abnormal lung tissues in the tumor and surrounding tissues were evaluated by a
semi-quantitative score method.
Results: Increased sympathetic fibers mainly infiltrated the paratumoral area,
while increased parasympathetic fibers were largely restricted to the tumor (para-
tumor vs. tumor, P = 0.000 in high, P = 0.034 in low; each). In addition, high-risk
patients presented the highest density of neural fibers, followed by low-risk and
control patients (P = 0.000; each). In Kaplan–Meier survival analysis, the densities
of sympathetic fibers in paratumoral tissue and parasympathetic fibers in the
tumor, respectively, correlated with poor recurrence-free survival in patients who
were not treated with adjuvant therapy (P < 0.001; each). Further multivariate
analysis showed that these two factors were associated with poor prognosis in all
LADC patients (P = 0.024 sympathetic fibers; P = 0.037 parasympathetic fibers).
Conclusion: These findings reveal a positive correlation between nervous infil-
tration and risk of poor prognosis in patients with LADC.

Introduction

Non-small-cell lung cancer (NSCLC) is one of the leading
causes of cancer-related death worldwide.1 Lung adenocar-
cinoma (LADC) is the most common subtype of NSCLC
(63.6%), followed by squamous cell (27.4%), and large cell
carcinomas (3.6%).2

Nerves are a common characteristic of the tumor micro-
environment.3 They are believed to be an indicator of
aggressive tumor behavior and have been shown to corre-
late with poor clinical outcomes in certain extrapulmonary
cancers.4 In addition to the metastatic spread route pro-
vided by the nerves, the discovery of a neuroendocrine

phenomenon, in which nerves provide positive signals to
the tumor in the tumor microenvironment, may partially
explain the promotion of tumor growth and progression.5

However, few studies of autonomic nerves have been pub-
lished. Whether autonomic nerves infiltrate human LADC
and associate with pathological risk grading and prognosis
has not been examined in detail. The aims of the present
study were to examine sympathetic adrenergic neural fibers
and parasympathetic cholinergic neural fibers in surgically
resected lung specimens of 65 LADC patients and 30 non-
cancer patients, focusing on the association of nerve den-
sity and cancer pathological risk grading, and the prognos-
tic value of nervous infiltration in human LADC.
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Methods

Patient characteristics

Sixty-five patients with local recurrence or distant metas-
tases after surgical treatment for LADC and 30 patients
without cancer who underwent pulmonary surgeries at the
Department of Respiratory Diseases, the First Affiliated
Hospital, School of Medicine, Zhejiang University between
January 1, 2011 and December 31, 2014 were recruited.
None of the patients received preoperative thoracic radia-
tion or chemotherapy. Each patient was radiologically
examined for recurrence every three months. The non-
cancer patients harbored pulmonary tuberculosis
(25 patients), granuloma (3), lung abscess (1), and hamar-
toma (1). Clinicopathological information, including age,
gender, smoking status, pathological tumor node metastasis
(pTNM) staging, pathological grade, pathological differen-
tiation, treatment, and prognosis were obtained from
patient records. All cancer patients were classified into
two groups according to pathological risk: low-risk cancer
(pathological grade I or II, or moderately, well-to-
moderately or well differentiated; n = 22) or high-risk
cancer (pathological grade III or IV, or poorly or
moderately-to-poorly differentiated; n = 43; Table S1). The
30 non-cancer patients were considered the control. Local
tumor recurrence was defined as tumor relapse within the
same lung or hemithorax. Distant metastases were defined
as neoplastic lesions that developed in other organs (out-
side the lung) or remote lymph nodes. pTNM staging and
pathological grade, as well as local recurrence and distant
metastasis were determined by the seventh edition clinical
TNM staging classification of NSCLC.6

Human samples

Formalin-fixed paraffin-embedded surgically resected
human lung specimens were serially sectioned (thickness
5 mm). For each block, one section was stained with
hematoxylin and eosin (H&E) to evaluate tissue viability
and the location of the normal area surrounding the can-
cer. Adjacent normal tissue ≥ 3 cm from the tumor was
considered paratumoral tissue. A further two consecutive
sections were stained for tyrosine hydroxylase (TH) and
neurofilament (NF), and vesicular acetylcholine trans-
porter (VAChT) and NF, respectively. Nerve score evalua-
tion was performed in a blinded fashion. Two
independent pathologists from the Department of Pathol-
ogy, the First Affiliated Hospital, School of Medicine,
Zhejiang University reviewed all the sections of both
H&E and immunofluorescence (IF) staining. Disagree-
ments were resolved by discussion.

Histopathology and immunofluorescence

Tyrosine hydroxylase is a useful marker for sympathetic
materials in both the central and peripheral sympathetic
neurons, and the adrenal medulla. VAChT is a neurotrans-
mitter transporter responsible for loading ACh into secre-
tory organelles in neurons labeling parasympathetic
materials. NF is a neuron-specific cytoskeletal subunit. As
TH and VAChT are not nerve specific, co-expression of
NF is necessary to confirm neural specificity. Here, combi-
nations of TH and NF and VAChT and NF, respectively,
were used to identify TH+ sympathetic adrenergic neural
fibers and VAChT+ parasympathetic cholinergic neural
fibers.
Hematoxylin and eosin staining was conducted using

standard procedures. For IF analyses, lung sections were
fixed with acetone or methanol and incubated in hydrogen
peroxide to quench endogenous peroxidase. The sections
were then deparaffinized with xylene and rehydrated in a
graded alcohol series, followed by antigen retrieval in heat-
treated Tris-ethylene-diamine-tetraacetic acid buffer solu-
tion (Vector, Burlingame, CA, USA). Nonspecific binding
was blocked by protein block (Dako, Carpinteria, CA,
USA). Sections were incubated with a mouse antibody to
TH (1:200, Millipore, Billerica, MA, USA), or a rabbit anti-
body to VAChT (1:5000, MBL International, Woburn,
MA, USA), together with a mouse antibody to NF (1:200,
LabVision, Burlingame, CA, USA) overnight, followed by
secondary biotinylated goat antibody to mouse or rabbit
immunoglobulin G (Vector). The signal was amplified by
Vectastain Elite ABC Kit (Vector) and visualized by Tyra-
mide Signal Amplification kit for TRITC (PerkinElmer,
Hopkinton, MA, USA). DAPI (40,6-diamidino-2-phenylin-
dole) was used for nuclear staining.

Statistical analysis

The authors semi-quantitatively scored TH+ and VAChT+

nerve specific fibers in the whole section in the control
group, and in the tumor and remaining normal lung tis-
sues surrounding the tumor in the cancer groups, respec-
tively. A semiquantitative score was established as follows:
0 = no neural fibers (0 fiber per field), 1 = scarce number
of neural fibers (1–3 fibers per field), 2 = scarce to moder-
ate neural fibers (4–6 fibers per field), 3 = moderate neural
fibers (7–9 fibers per field), and 4 = numerous neural fibers
(≥ 10 fibers per field). Pearson chi-square or Fisher’s exact
tests were conducted in certain clinical characteristics.
A nonparametric analysis of variance was performed to
identify statistical significance among the three groups
(Kruskal–Wallis test), or between the two groups (Mann–
Whitney U test). A Spearman test was conducted to detect
the correlation between nervous infiltration and
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pathological stage, differentiation, and risk grading.
A prognostic examination with recurrence-free interval as
the endpoint was then performed. The recurrence-free
interval was defined as the interval between the date of sur-
gical resection and the first evidence of either local recur-
rence or distant metastasis after surgery, by 31 December
2015. Kaplan–Meier was used to assess the recurrence-free
survival (RFS) curve and statistical significance was calcu-
lated by log-rank test. In addition, multivariate analysis,
which included pathological stage, adjuvant therapy, path-
ological differentiation, distant metastasis, local tumor
recurrence, number of sympathetic fibers in paratumoral
lung tissue, number of parasympathetic fibers in the tumor,
and family history of cancer, was conducted. All analysis
was performed using SPSS version 22.0 (IBM Corp.,
Armonk, NY, USA). P < 0.05 was considered statistically
significant.
The institutional review board approved the study and

individual consensus was obtained from each patient.

Results

Patient characteristics

The median follow-up was 15.8 months (range 3–40.2).
Postoperative local recurrence (n = 45, 69.2%) or distant

metastasis (n = 30, 46.2%) was detected in the cancer
patients from 0.9 to 32.5 months. The median duration
from surgery to local recurrence or distant metastasis was
27.6 months in low-risk and 24.8 in high-risk patients.
The presence of postoperative local recurrence was higher
than distant metastasis, but was not statistically significant
(P = 0.078 high risk, P = 0.069 low risk). Regrettably, mor-
tality data were not recorded in the current study because
many patients were lost to follow-up after recurrence or
metastasis. Postoperative adjuvant therapy included main-
tenance chemotherapy in 38 (58.5%) patients and
molecular-targeted agent therapy in two (3.1%) with epi-
dermal growth factor receptor mutations. Further patient
characteristics are summarized in Table 1.

Autonomic nervous infiltration
in different groups

Autonomic nervous infiltration was present in 96.9% can-
cer patients (100% in high risk, 90.9% in low risk patients).
To ascertain whether both TH+ and VAChT+ neural fibers
contributed equally to the increased number of fibers, we
performed further individual assessment of each branch of
the autonomic nervous system. We found that TH+ neural
fibers were present in 100% (n = 43) of high-risk patients
and 77.3% (n = 17) of low-risk patients, and were

Table 1 Patient characteristics

Clinical characteristics

Results

PControl (n = 30) Low-risk (n = 22) High-risk (n = 43)

Age, years 0.191
Mean (SD) 60.3 (12.8) 55.4 (8.8) 59.8 (12.0)
Median (range) 62 (38–82) 54.5 (36–74) 61 (34–81)

Gender 1.000
Male (%) 20 (66.7) 10 (45.5) 23 (53.5)
Female (%) 10 (33.3) 12 (54.5) 20 (46.5)

Smokers (%) — 8 (36.4) 20 (46.5) 0.434
Hypertension (%) 5 (16.7) 6 (27.3) 14 (32.6) 0.318
Arrhythmia (%) 2 (6.7) 3 (13.6) 6 (14.0) 0.599
Pathological stage 0.000
IA (%)

—

6 (27.3) 1 (2.3)

—

IB (%) 5 (22.7) 0 (0)
IIA (%) 8 (36.4) 8 (18.6)
IIB (%) 3 (13.6) 2 (4.7)
IIIA (%) 0 (0) 11 (25.6)
IIIB (%) 0 (0) 2 (4.7)
IV (%) 0 (0) 19 (44.2)

Pathological differentiation 0.000
Poorly (%)

—

0 (0) 3 (7.0)

—
Moderately to poorly (%) 0 (0) 34 (79.1)
Moderately (%) 13 (59.1) 6 (14.0)
Well to moderately (%) 3 (13.6) 0 (0)
Well (%) 6 (27.3) 0 (0)

SD, standard deviation.
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predominantly localized in the normal lung tissue sur-
rounding the tumor (paratumor vs. tumor; P = 0.000). By
contrast, VAChT+ parasympathetic cholinergic neural
fibers, which were largely restricted to the tumor, were
detected in 95.3% (n = 41) of high-risk and 81.8%
(n = 18) of low-risk patients (paratumor vs. tumor;
P = 0.034).

Sympathetic nervous infiltration
in different groups

Immunofluorescence showed that high TH+ nerve densities
in paratumoral lung tissues were strongly associated with a
higher risk of cancer (Fig 1a,b). A semi-quantitative score
of the results was performed, which revealed that TH+

score was increased in the high-risk cancer group. The
lowest average and median TH+ scores were found in the
control (0.7 and 1, respectively), followed by the low-risk
(1 each) and high-risk groups (2 each). Further assessment
suggested that there was a statistically significant difference
in the TH+ score among different groups (all, P = 0.000;
low vs. control, P = 0.026; high vs. control, P = 0.000; high
vs. low, P = 0.001; Table 2). Of the 22 patients in the low
risk group, 5 (22.7%), 10 (45.5%), 3 (13.6%), 4 (18.2%),
and 0 patients presented scores of 0–4, respectively. In the
high-risk group, 3 (7%), 5 (11.6%), 17 (39.5%), 13 (30.2%),
and 5 (11.6%) patients presented a TH+ score of 0–4,
respectively (Fig 1c). The percentage of patients with a
TH+ score ≥ 3 varied significantly among the groups
(P < 0.001): one (3.3%) in the control, four (18.2%) in the
low risk, and 18 (41%) in the high risk group, respectively
(Fig 1d).

Cholinergic nervous infiltration in
different groups

Immunofluorescence staining demonstrated that a drastic
increase of VAChT+ nerve density in the tumor was associ-
ated with an increased cancer risk (Fig 2a,b), which was
confirmed following evaluation of the VAChT+ score
within the tumor. Similar to the TH+ score, control
patients presented the lowest average and median VAChT+

scores (0.6 and 0.5, respectively), followed by low-risk
(1 each) and high-risk patients (2 each). Our results sug-
gested that there was a statistically significant difference in
the VAChT+ score between the different groups (all
P = 0.000; low vs. control P = 0.038; high vs. control
P = 0.000; high vs. low P = 0.001; Table 2). In the low risk
group patients, 7 (31.8%), 8 (36.4%), 4 (18.2%), 3 (13.6%)
and 0 presented VAChT+ scores of 0–4, respectively. Of
the 43 patients in the high risk group, 2 (4.7%),
10 (23.3%), 17 (39.5%), 11 (25.6%) and 3 patients (7%)
presented scores of 0–4, respectively (Fig 2c). There was a

significant difference in the proportion of patients with a
VAChT+ score ≥ 3 (P < 0.01): 1 (3.3%) in the control,
3 (13.6%) in the low-risk, and 14 (32.6%) in the high-risk
group (Fig 2d).

Correlation between nerve infiltration
and clinicopathological characteristics

Spearman correlation analysis showed that the densities of
sympathetic fibers in the remaining normal lung tissue sur-
rounding the tumor and parasympathetic fibers in the
tumor, respectively, strongly correlated with pathological
risk grading (P = 0.000 and P = 0.001, respectively). How-
ever, there was no significant correlation between nerve
infiltration and pathological stage (P = 0.572 for sympa-
thetic fibers, P = 0.391 for parasympathetic fibers) or path-
ological differentiation (P = 0.146 for sympathetic fibers,
P = 0.106 for parasympathetic fibers).

Correlation between nerve infiltration
and postoperative recurrence-free survival

Our study has revealed that the number of TH+ neural
fibers in normal tissues surrounding the tumor was posi-
tively correlated with low RFS. A TH+ score ≥ 3 at diagno-
sis was associated with a higher recurrence rate in all
cancer patients (P < 0.001; Fig 3a) and patients not treated
with postoperative adjuvant therapy (P < 0.001; Fig 3b),
but not patients treated with postoperative adjuvant ther-
apy (P = 0.239; Fig 3c).
A VAChT+ score ≥ 3 at diagnosis showed a stronger

trend toward an association with a high rate of recurrence
in all cancer patients (P = 0.003; Fig 4a), and patients not
treated with postoperative adjuvant therapy (P < 0.001;
Fig 4b). However, it was not associated with poor survival
in patients treated with adjuvant therapy (P = 0.170;
Fig 4c).
Multivariate analysis showed that pathological stage

(P = 0.007), adjuvant therapy (P = 0.002), family history
of cancer (P = 0.048), number of sympathetic fibers in
paratumoral lung tissue (P = 0.024), and number of para-
sympathetic fibers in the tumor (P = 0.037) were factors
associated with poor postoperative RFS. In contrast, patho-
logical differentiation (P = 0.193), local tumor recurrence
(P = 0.303), and distant metastasis (P = 0.09) did not con-
tribute to a poor prognosis.

Discussion

Our group examined neural fibers in human resected lung
specimens, revealing a large prevalence of innervation in
the tumor and surrounding normal tissue (96.9%, n = 63).
This study focused on these increased nerves, their
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relationship to tumor pathological risk grading, and their
prognostic value for disease recurrence.
The autonomic nervous system has two separate divi-

sions, the sympathetic and parasympathetic nervous sys-
tems, which usually function in opposition to each other.
To date, there have been few studies of autonomic nerves
in lung cancer. On the one hand, several lines of evidence
have shown that the sympathetic nervous system is
strongly correlated with lung tumor progression. In vivo
experiments have demonstrated that activation of the sym-
pathetic nervous system plays a critical role in promoting
lung metastases but not growth of the primary tumor.
Sloan et al. demonstrated that isoproterenol, which is a
β-adrenergic receptor agonist, induced 30-fold metastasis
to the lung in primary breast cancer in mice.7 Another two
β-adrenergic receptor agonists, propranolol and nadolol,
have been subsequently reported to have a similar impact
in rats.8,9 In contrast, inhibition of the sympathetic nervous
system can effectively protect mice against lung metastases.
Vegas et al. indicated that antalarmin, a corticotropin-
releasing factor receptor antagonist, significantly reduced
the development of pulmonary metastases in melanoma in
mice.10 More recently, the administration of carvedilol, a
β1, β2 and α-adrenergic receptor antagonist, has been
reported to prevent smokers and nicotine addicts from
developing primary pulmonary tumors.11 On the other
hand, the cholinergic system is essentially based on acetyl-
choline (Ach) as a mediator. Many epithelial and endothe-
lial cells in airways express non-neural origin Ach,
promoting normal cell proliferation and conferring suscep-
tibility to lung carcinoma.12 Lung cancers have also been
found to secret Ach through an autocrine cholinergic loop
to stimulate tumor growth.13–15 In addition to Ach, VAChT
is another essential component of the cholinergic system.
Research on in vitro culture and in vivo nude mice models
has suggested that vesamicol, a VAChT antagonist, can
induce potent apoptosis of human bronchioalveolar carci-
noma.16 These findings suggest the possibility that the cho-
linergic system may contribute to tumor progression
through certain transmitter substances.
Currently, the most essential factors for pathological risk

grading of resected NSCLC are TNM staging and patho-
logical differentiation. According to the latest epidemiolog-
ical data on prognosis published in 2015 by the
International Association for the Study of Lung Cancer,
advanced pTNM staging represented a rapid decline in
median survival time, from 33 months in stage IB to 7.3 in
stage IV. The longest one-year survival was reported in
stage I (91–100%), followed by stage II (80–87%), stage III
(48–58%), and stage IV (27%). Similarly, the longest two-
year survival was reported in stage 1 (68–93%), with a sig-
nificant decrease by stage IV (8%).2,17–19 These data suggest
that high TNM staging is a strong indicator of poor

survival. In addition to TNM staging, pathological differen-
tiation is also thought to have important prognostic value.
Patients with diseases with poor tumor differentiation were
more often in a higher stage at diagnosis, with a greater
risk of recurrence or metastasis, and a shorter survival time
after diagnosis.20 In a study by Chung et al. of 96 cases,
well or moderately differentiated lung cancer patients had
lower rates of lymph node metastasis, local recurrence, and
shorter survival compared with poorly differentiated.5

The relationship between nerves and pathological risk
grading of cancer was not studied in detail until 2013 when
Magnon et al. found evidence linking dense innervation
and high pathological risk grading in prostate cancer.4

However, whether a similar phenomenon exists in lung
cancer is unknown. Yilmaz et al. reported that the preva-
lence of perineural invasion did not correlate with pTNM
staging in a review of 289 patients with NSCLC.21 In the
53 patients who had perineural invasion, the highest preva-
lence was found in pathological grade II (47.2%, n = 25),
followed by grade I (28.3%, n = 15), and grades III–IV
(24.5%, n = 13). In the same study, patients with perineu-
ral invasion (71.7%, n = 38) tended to have tumor cells
with moderate to poor differentiation, which was con-
firmed at a higher percentage (85.7%) by Hsieh et al. in a
study of 108 cases.1 Perineural invasion includes the inva-
sion of both sympathetic and parasympathetic nerve fibers.
Our results for a relationship between the prevalence of
individual nerve fibers and pTNM staging were similar to
Yilmaz et al.’s study for both nerve fibers (P = 0.572 for
sympathetic fibers, P = 0.391 for parasympathetic fibers);
however, our results for a relationship between prevalence
and pathological differentiation were not (P = 0.146 for
sympathetic fibers, P = 0.106 for parasympathetic fibers).
In addition, our findings strongly suggest that nerve densi-
ties are paralleled with pathological risk grading (P = 0.000
for sympathetic fibers, P = 0.001 for parasympathetic
fibers). These results indicate that although nerve infiltra-
tion is not associated with either pTNM staging or patho-
logical differentiation, it is paralleled with cancer risk
assessment based on a combination of these two important
factors, and, therefore, may have a potential role in pre-
dicting cancer risk. Regarding the mechanism, on the one
hand, we can hypothesize that cancer cells release sub-
stances like growth factors, which stimulate nerves in both
tumors and neighboring lung tissue.22 On the other hand,
nerves provide survival signals to tumors or provide a gate-
way toward hematogenous spread.5 To the best of our
knowledge, this is the first study in which the individual
density of sympathetic or parasympathetic neural fibers
and their relationship with pathological risk grading in
human lung cancer have been explored.
Perineural invasion has been determined as a poor prog-

nostic factor in prostate, pancreatic, breast, and rectal
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Figure 1 Legend on next page.
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cancers.4,23–25 However, the prognostic relevance of peri-
neural invasion in lung cancer remains controversial. In
some studies, perineural invasion was concluded as an
independent predictive factor for poor survival.1,26–29 Nev-
ertheless, many studies have not determined whether
nerves are related to cancer survival.30,31 Discrepancies
between these results may be explained in part by small
sample sizes that are not sufficient to detect moderate pre-
dictive effects, different grading criteria among patholo-
gists, and inconsistent grouping systems among the
pathological grades analyzed. To further ascertain whether
nerve infiltration contributed to a poor prognosis, Kaplan–
Meier survival analysis and multivariate analysis were per-
formed. Although our results revealed that nerve densities
play a prognostic role in LADC patients, we hypothesized

that adjuvant therapy may eliminate this prognostic indica-
tion. Therefore, further Kaplan–Meier survival analysis was
conducted with patients separated into two groups: those
who received postoperative adjuvant therapy and those
who did not. Our findings confirmed this conjecture.
Nerve densities were closely correlated with disease-free
interval in patients who did not receive postoperative adju-
vant therapy. The high density of sympathetic neural fibers
in the paratumoral area (P < 0.001), or the high density of
parasympathetic neural fibers in the tumor (P < 0.001) at
diagnosis, respectively, was related to higher recurrence
rates. However, such significant differences were not
detected in patients who were treated with postoperative
adjuvant therapy (P = 0.239 in the sympathetic nerves,
P = 0.170 in the sympathetic nerves, respectively).

Figure 1 (a) Representative hematoxylin and eosin (H&E) images of normal lung tissue in the control (left), paratumoral lung tissue in the low-risk
(middle) and high-risk groups (right). Boxed area shows a higher magnification of H&E images (similar size as [b]). (b) Almost consecutive frozen sec-
tions stained with immunofluorescence for neurofilament (NF; a specific nerve marker), tyrosine hydroxylase (TH; an adrenergic marker) and 40,6-dia-
midino-2-phenylindole (DAPI) of normal lung tissue in the control (score = 0), and paratumoral lung tissue in the low-risk (score = 2) and high-risk
groups (score = 4). Boxed area shows higher magnification of infiltrating nerves. Arrows show tiny nerve fibers. (c) Score of immunostained TH+ neu-
ral fibers in normal lung tissue in the control (n = 30), in paratumoral lung tissue in the low risk (n = 22) and high-risk groups (n = 43). (d) Percent-
age of cancer patients with TH+ score ≥ 3 in the control, low-risk and high-risk groups. ***P < 0.001. Scale bar, 50 μm.

Table 2 Nerve score characteristics

Group

Results P

Control (n = 30) Low-risk (n = 22) High-risk (n = 43) ALL/HL/HC/LC Paratumor vs. tumor

Paratumor, TH 0.000 0.000Hth

0 (%) 14 (46.7) 5 (22.7) 3 (7.0) 0.001HL —

1 (%) 13 (43.3) 10 (45.5) 5 (11.6) 0.000HC

2 (%) 2 (6.7) 3 (13.6) 17 (39.5) 0.026LC

3 (%) 1 (3.3) 4 (18.2) 13 (30.2)
4 (%) 0 (0) 0 (0) 5 (11.6)

Tumor, TH 0.160 0.034Lth

0 (%) 14 (46.7) 10 (45.5) 10 (23.3) 0.125HL —

1 (%) 13 (43.3) 10 (45.5) 29 (67.4) 0.094HC

2 (%) 2 (6.7) 2 (9.1) 4 (9.3) 0.984LC

3 (%) 1 (3.3) 0 (0) 0 (0)
4 (%) 0 (0) 0 (0) 0 (0)

Paratumor, VAChT 0.171 0.000Hvt

0 (%) 15 (50.0) 12 (54.5) 15 (34.9) 0.109HL —

1 (%) 14 (46.7) 9 (40.9) 23 (53.5) 0.137HC

2 (%) 0 (0) 1 (4.5) 5 (11.6) 0.784LC

3 (%) 1 (3.3) 0 (0) 0 (0)
4 (%) 0 (0) 0 (0) 0 (0)

Tumor, VAChT 0.000 0.034Lvt

0 (%) 15 (50.0) 7 (31.8) 2 (4.7) 0.001HL —

1 (%) 14 (46.7) 8 (36.4) 10 (23.3) 0.000HC

2 (%) 0 (0) 4 (18.2) 17 (39.5) 0.038LC

3 (%) 1 (3.3) 3 (13.6) 11 (25.6)
4 (%) 0 (0) 0 (0) 3 (7.0)

HC, high-risk compared with the control group; HL, high-risk compared with the low-risk group; Hth/Lth, mean tyrosine hydroxylase (TH) nerve score
in the paratumoral area compared with that in the tumor in the high/low risk group, respectively; Hvt/Lvt, mean vesicular acetylcholine transporter
(VAChT) nerve score in the tumor compared with that in the paratumoral area in the high/low risk group, respectively; LC, low-risk compared with
the control group.
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Figure 2 Legend on next page.
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Multivariate analysis revealed that density of sympathetic
fibers in paratumoral lung tissue (P = 0.024), density of
parasympathetic fibers in the tumor (P = 0.037), adjuvant
therapy (P = 0.002), pathological stage (P = 0.007) and
family history of cancer (P = 0.048) were factors associated
with poor RFS. All of these findings indicate that nerve
infiltration is a dependent prognostic factor, regardless of
adjuvant therapy, and, therefore, could be a prognostic
indicator for LADC patients.

Our study had some limitations. The small sample size
and semi-quantitative score method might limit the repro-
ducibility of our findings. Quantitative studies with a large
series are required to evaluate the value of nerve infiltration
in LADC.
In this study, we found that infiltration of autonomic

nerves was upregulated in tissues from patients with
LADC, and revealed a positive correlation between infiltra-
tion of autonomic nerves and prognosis in these patients.

Figure 2 (a) Representative hematoxylin and eosin (H&E) images of normal lung tissue in the control (left), and tumor in the low-risk (middle) and
high-risk groups (right). Boxed area shows a higher magnification of H&E images (similar size as [b]). (b) Almost consecutive frozen sections stained
with immunofluorescence for neurofilament (NF; a specific nerve marker), vesicular acetylcholine transporter (VAChT; a cholinergic marker) and 40,6-
diamidino-2-phenylindole (DAPI) of normal lung tissue in the control (score = 0), and the tumor in the low-risk (score = 2) and high-risk groups (score
= 4). Boxed area shows higher magnification of infiltrating nerves. (c) Score of immunostained VAChT+ neural fibers in normal lung tissue in the con-
trol (n = 30) and in the tumor in the low-risk (n = 22) and high-risk groups (n = 43). (d) Percentage of cancer patients with VAChT+ score ≥ 3 in the
control, low-risk and high-risk groups. **P < 0.01. Scale bar, 50 μm.

Figure 3 (a) Recurrence-free survival of cancer patients with high (tyrosine hydroxylase [TH+] nerve score ≥ 3) and low (TH+ nerve score < 3) adren-
ergic nerve densities in paratumoral lung tissue. P < 0.001 in all patients. (b) P < 0.001 in the patients who were not treated with postoperative
adjuvant therapy. (c) P = 0.239 in patients treated with postoperative adjuvant therapy.

Figure 4 (a) Recurrence-free survival of cancer patients with high (vesicular acetylcholine transporter [VAChT+] nerve score ≥ 3) and low (VAChT+

nerve score < 3) cholinergic nerve densities in tumor. P = 0.003 in all patients. (b) P < 0.001 in the patients who were not treated with postoperative
adjuvant therapy. (c) P = 0.170 in patients treated with postoperative adjuvant therapy.
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Our findings indicate that the density of infiltrated auto-
nomic nerves may serve as a potential parameter for path-
ological risk grading and as a biomarker for prognosis in
patients with LADC.
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