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To the Editor: Several kinds of malignant tumors show perineural
invasion (PNI), which can cause locoregional recurrence and reduce
the likelihood of survival after surgery. Our previous study has
shown that PNI in cervical cancer is associated with other pathology
risk features, and other studies have shown that it is a predictor
of poor prognosis.l'* These findings highlight the importance of
clarifying the molecular mechanism of PNI.

Neurotrophins, particularly nerve growth factor (NGF), may
facilitate PNI. NGF binds with low affinity to two transmembrane
receptors, the tropomyosin-receptor kinase (Trk)-A receptor and
the p75 neurotrophin receptor (p75NRT). High expression of
NGF and TrkA has been linked to PNI in some types of cancer,*"!
but whether this occurs in cervical cancer is unclear. Here, we
investigated whether the expression of NGF and its receptors were
linked to PNI in cervical cancer. We also investigated whether such
expression was linked to patient prognosis, in which case it might
serve as a useful prognostic marker.

We retrospectively analyzed 85 cervical cancer patients who
underwent surgical therapy at the Affiliated Tumor Hospital of
Guangxi Medical University between September 2011 and August
2014. This study was approved by the Institutional Review Board
of the Affiliated Tumor Hospital of Guangxi Medical University.
All patients met the following inclusion criteria: (1) their tumor
was identified as cervical cancer in Stage IB-IIB according to
the International Federation of Gynecology and Obstetrics 2009
staging criteria; and (2) they received radical hysterectomy as well
as pelvic lymphadenectomy with or without para-aortic lymph
node dissection.

Pathology results were independently examined by two
pathologists. Absence or presence of PNI was determined based
on S-100 protein staining of cervical and uterine tissue after
surgery. PNI was defined as the presence of tumor cells within
any of the three layers of the nerve sheath, or as the presence of
tumor in proximity to a nerve and involving at least one-third of
the nerve’s circumference. Data were collected on clinical stage,
histology subtype, tumor grade, tumor size, depth of stromal
invasion, lymph-vascular space invasion, lymph node metastasis,
parametrical invasion, and positive vaginal margin.

Tissue sections (3 um) were prepared from surgical samples
and immunostained using the Power Vision Two-Step Kit
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(ZSG, Beijing, China) according to the manufacturer’s instructions,
with primary rabbit polyclonal antibodies (Hengxin Biotech,
Nanning, China) against NGF (1:200), TrkA (1:200), and
p75NRT (1:150). In parallel, control samples were processed using
arabbit IgG polyclonal antibody (Maixin Biotech, Fuzhou, China).
The secondary antibody in immunostaining was horseradish
peroxidase-conjugated anti-rabbit antibody (Maixin Biotech).
Stained sections were analyzed independently by two investigators
blinded to sample details.

Immunohistochemistry staining results were assessed both
semi-quantitatively and quantitatively. In the semi-quantitative
method, the mean percentage of positive tumor cells was determined
under the microscope in at least five areas of the tissue slice at x400
original magnification. The presence of >50% positive cells was
scored as 3; 25-50% as 2; 1-25% as 1; and 0% as 0. Samples
with scores of 2 or 3 were considered to show high expression,
while samples with scores of 0 or 1 were considered to show low
expression. In the quantitative approach, the positive rate (PRA)
was calculated as the proportion of a microscope field (original
magnification x100) that appeared positively immunostained
under a pathology image analyzer (Leica Dmrq 550, Germany).
Ten randomly selected areas were used to calculate the mean PRA
for each sample.

All patients were followed-up until death or December 2016, with
a median follow-up period of 36 months. No patients were lost to
follow-up. Data were collected on recurrence and survival.

Differences in expression of NGF, TrkA, or p75NRT between
samples from patients with or without PNI were assessed
for significance using the Chi-square test in the case of
semi-quantitative analysis or the #-test in the case of quantitative
analysis. Possible associations between the expression of these
three proteins, and clinical characteristics of patients were assessed
using the Chi-square test. The ability of NGF or TrkA expression
to predict survival was assessed using Kaplan-Meier analysis, and
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the differences were assessed for significance using the log-rank
test. All analyses were performed using SPSS 17.0 (IBM, Chicago,
IL, USA), with the threshold for statistical significance defined to
be P <0.05.

Among the 85 patients from whom surgical samples were
taken, the average age was 49.1 £+ 6.7 years, 23 (27%) were
PNI-positive, and 62 (73%) were PNI-negative. The staging of
patients was as follows: Stage IB1, 20 patients (23.5%); Stage B2,
27 (31.8%); Stage 11A, 22 (25.9%); and Stage 1IB, 16 (18.8%).
Most patients (67 [78.8%]) had squamous cell carcinoma while
18 (21.2%) had adenocarcinoma or adenosquamous carcinoma.
Only over half (45 [2.9%]) had tumors smaller than 4 cm, while
40 (47.1%) had tumors 4 cm or larger. Tumor grade distribution
was as follows: Grade G1, 12 patients (14.1%); Grade G2,
25 (29.4%); and Grade G3, 48 (56.5%). Only under half (36,
42.4%) showed the depth of invasion <1/2 while 49 (57.6%)
showed the depth of invasion >1/2. Only over half (46 [54.1%])
showed invasion of the lymphovascular space, and a slightly higher
proportion (50 [58.8%]) showed lymph node metastasis. A small
number of patients (11 [12.9%]) showed a parametrical invasion,
and even a lower proportion (five [5.9%]) showed a positive vaginal
margin. On the basis of postoperative pathology results, 49 patients
were given postoperative adjuvant radio-or chemoradiotherapy, of
whom 13 were in Stage IB2, 20 in Stage I1A, and 16 in Stage 1I1B.

Cervical cancer is shown in Figure 1a, where nerve tissue appears
dark brown. NGF and TrkA staining localized mainly to the
cytoplasm and cytomembrane of cancer cells [Figure 1b]. Of the
85 specimens, 28 were assigned a score of 2 for NGF expression,
and 25 were assigned a score of 3. Similarly, 27 specimens received
a score of 2 for TrkA expression, and 20 were assigned a score of
3. In contrast, only 12 samples received a score of 2 for p75SNRT
expression. Staining for p7SNRT localized mainly to basal tumor
cells [Figure 1b]. High expression (scored as 2—3) occurred in
53 patients (62%) for NGF, 47 (55%) for TrkA, and 12 (14%) for
p75NRT.

Semi-quantitation of immunostaining results indicated that high
NGF expression was observed in 19 patients (82%) with PNI,
compared to 34 (55%) without PNI. The corresponding results
for TrkA were 18 (78%) and 29 (16%). These results indicated
that the expression of both proteins was significantly associated
with PNI (P = 0.019 and 0.009, respectively). In contrast, high
p75NRT expression was observed in only five patients (22%)
with PNI, compared to seven (11%) without PNI. This indicated
no significant correlation between p7SNRT expression and PNI
(P=0.380). Quantitation of immunostaining results indicated that
PRA was significantly higher among samples with PNI than among
those without invasion in the case of NGF (P = 0.021) and TrkA
(P=0.017). In contrast, PRA for p75SNRT was similar between the
two groups (P = 0.365).

Analysis of potential correlations between immunostain-assessed
expression and patient clinicopathological characteristics showed
that only lymph-vascular space invasion was significantly associated
with high expression of NGF (P=0.011) or TrkA (P=0.017). None
of the clinicopathological parameters showed an association with
p75NRT expression.

Patients were classified as having high or low expression of NGF
or TrkA, and their disease-free survival (DFS) and overall survival
(OS) curves were compared [Figure 1c]. NGF expression correlated
significantly with OS (P = 0.040) and DFS (P = 0.037). Similar
results were observed for TrkA expression with OS (P = 0.033)
and DFS (P =0.023).

Here, we provide evidence that the expression of NGF and its
receptor TrkA is associated with PNI in early-stage cervical cancer.
This immediately suggests a testable hypothesis about how NGF
may contribute to invasion since the interaction of NGF with
TrkA is known to trigger signaling pathways involving PI3-Akt
and Ras-MAP, which activate neuronal growth and survival.
Our data do not indicate an association of p7SNRT expression
with PNI or other clinicopathological features of cervical cancer
patients. NGF binding to p75NRT activates pro-apoptotic signaling
through pathways involving nuclear factor-B and c-Jun N-terminal
kinase.!! Therefore, our results imply that NGF might play a
positive, stimulatory role in PNI in cervical cancer.

Our results with cervical cancer extend existing understanding on
high NGF and TrkA expression in adenoid cystic carcinoma,’ oral
squamous cell carcinoma, and pancreatic cancer.[” In adenoid
cystic carcinoma, p75NRT was expressed only at low level,’”! which
is consistent with our results. This leads to a general hypothesis that
in all these cancer types, NGF stimulates cancer cell proliferation
that goes hand-in-hand with downregulation of p7SNRT. Our
data further suggest that high NGF and TrkA expression, but not
p75NRT expression, is associated with PNI in cervical cancer. This
extends previous reports linking NGF and TrkA expression to PNI
in adenoid cystic carcinoma,” oral carcinoma,® and pancreatic
cancer.”? These results imply that the proliferative effects of NGF
and concomitant downregulation of pro-apoptotic p7SNRT help
drive PNL

We found that NGF and TrkA expression correlated with the
presence of lymph-vascular space invasion, which is a well-known
risk factor for cervical cancer recurrence and poor survival and
has previously been associated with PNL.! Lymph-vascular
space invasion and PNI are promoted by tumor cell proliferation,
invasion, and migration. For example, NGF stimulates the growth
of pancreatic tumor cells,!'” while blocking NGF signaling in such
cells reduces their PNI potential.!'!! Therefore, we hypothesize that
NGF and/or TrkA might have potential as biomarkers of at least
certain aspects of malignant tumor behavior. Future work should
examine this question in greater detail.

Some studies support the hypothesis that NGF expression level
can predict prognosis in cancer,’#! but other work contradicts this
idea.' The ability of NGF and TrkA expression to serve as a marker
of tumor prognosis may depend on tumor type. In this study, we
showed an association of NGF and TrkA expression with PNI, as
well as with DFS and OS. These results add to the argument that
NGF and TrkA expression may be useful as prognostic markers
in cervical cancer.

In conclusion, our results implicate the expression of NGF and
its receptor TrkA in cervical cancer and specifically in PNI. In
contrast, the expression of p7SNRT does not appear to correlate
with PNI. These findings suggest that the proliferative effects
of NGF help drive PNI in cervical cancer and that this process
involves the downregulation of the pro-apoptotic NGF receptor
p75NRT. Analogous to the association of NGF and TrkA with
PNI, which strongly affects patient prognosis, we observed an
association of NGF and TrkA expression with patient survival.
These results provide preliminary evidence that NGF and TrkA
might be potential prognostic markers of cervical cancer. Our
results should be verified and extended in larger studies focusing
on NGF-based mechanisms of PNI.
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Figure 1: Typical positive immunostaining of PNl in cervical cancer (). Typical positive immunostaining of NGF, TrkA, and p75NRT in sections of
cervical tumors (original magnification x400; b). Kaplan-Meier survival curves of DFS and OS in patients showing high NGF expression (NGF+),
low NFG expression (NGF—), high TrkA expression (TrkA+), or low TrkA expression (TrkA-) (c). PNI: Perineural invasion; NGF: Nerve growth
factor; DFS: Disease-free survival; 0S: Overall survival; Trk: Tropomyosin receptor kinase.
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