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Association between the pH and clinicopathological
characteristics of lung cancer tissue
SAWADA Takahiro'
Abstract

Recent studies have shown that cancer cells surviving in a microenvironment characterized by hypoxia, a low pH, and a
low glucose level have the ability to adapt to these adverse conditions. We measured the pH in the central tumor area of
primary lung cancer, and evaluated its association with clinicopathological factors. There was a negative correlation between
the tumor size and pH; with an increase in the tumor size, the pH decreased. In addition, pH in lung adenocarcinoma was
negatively correlated with the expression of tumor markers, although the correlation was not significant. Cancer cells grow at
a markedly low pH compared with the physiological environment. There is a possibility that this low pH is a microenviron-
ment that is appropriate rather than adverse for the proliferative ability of cancer cells.
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1. Introduction mechanisms that promote cell survival in the tumor mi-

Cancer cells possess unique abilities to 1) promote their croenvironment such as expression of particular genes,
own growth with little external growth signals (self- metabolic adaptation, and acquisition of treatment resist-
sufficiency of growth signals), 2) proliferate in the presence ance. We investigated the relationships between pH in
of normal cells (insensitivity to anti-growth signals), and primary lung tumors and several clinicopathological factors
3) continue to multiply without limitation (limitless replica- in the preceding article”. We added number of cases and
tive potential). Cancer cells also adapt to a microenviron- reported them as well as between pH in lung adenocarcino-
ment characterized by hypoxia and low pH, and recent ma and the expression of tumor markers in the present
studies have focused on understanding the underlying study.

SZfFH 201744 H10H  ZELH 1201747 127 H

VEIBREE AR AL RSt B PR R (B - A A tE b ARG RIS A S AR R A S T H TR B
RSO A Y

School of Health Sciences at Fukuoka, International University of Health and Welfare (Present Office : Social Welfare
Organization Saiseikai Imerial Gift Foundation, Inc. Fukuoka-ken Saiseikai Futsukaichi Hospital)
sawayoung(@yahoo.co.jp



[N R N 2 e

. Materials and Methods

Patients with primary lung cancer who were scheduled to
undergo surgery at our hospital were enrolled in the study.
Patients were excluded from the study if they 1) had
previously undergone thoracic surgery, or received treat-
ments for other cancers, 2) had obstructive or restrictive
ventilatory defects, 3) were receiving medications that
could alter the tumor microenvironment, such as antithrom-
botic therapy and vasodilators, or 4) had similar conditions
as in 1-3. Patients were included in the study if they had
tumors with a maximum diameter of > 1.0 cm and < 50%
ground glass opacity nodules, as seen on chest CT prior to
the surgery. All study patients underwent radical lobectomy.
Immediately after the surgery, resected lobes were sectioned
horizontally along the largest cut surface of the tumors.
Tumor pH was measured using pH Spear (Eutech Instru-
ments, Singapore) by inserting the sensor into the center of
the tumors. In addition, pH was measured in the normal
lung tissue, which was defined by visual inspection in the
same cut surface from which the tumor pH was measured.
Calibration of the pH sensor and the pH measurement were
performed according to the manufacturer’s protocol. In
addition, arterial blood gas pH was measured at the time of
surgery.

For statistical analyses, Pearson’s correlation coefficient
was calculated if the variables were normally distributed,
and Spearman'’s rank correlation coefficient was calculated
if the variables were not normally distributed. All statistical
analyses were performed using Statcel 2 (OMS Publishing
Inc., Saitama, Japan).

This was a retrospective study using existing data at our
institute, and verbal consent was obtained from the study
participants. Thus, we did not require the approval of the

institutional Research Ethics Board.

II. Results
From 2010 to 2013, 20 patients who met the inclusion and

exclusion criteria were enrolled in the study (10 men and 10
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women; average age: 69.6). According to the histological
classification, there were 14 cases of adenocarcinoma, 2 cas-
es of squamous cell carcinoma, 2 cases of small cell
carcinoma, 1 case of adenosquamous carcinoma, and 1 case
of pleomorphic carcinoma. Tumor pH was measured, and
its correlation with tumor size (maximum diameter),
pathological stage (pStage), and the location of the tumor

(the order of bronchial branching) was examined.

1. Relationship between pH in normal lung tissue and the
clinicopathological factors
Tissue pH in normal lungs was measured as a baseline,
and varied between 6.45 and 7.88. There was no correlation
between normal tissue pH and the clinicopathological
factors, including tumor pH and tumor size (Figure 1).
Arterial blood gas pH was within the normal range in all

patients, and was not correlated with tumor pH.

2. Relationship between tumor pH and tumor size

There was a negative correlation between tumor pH and
tumor size, such that the larger tumors had lower pH
(Spearman’s rank correlation coefficient: rs = —0.5128

(p < 0.05), regression line: Y= —0.1595 XX + 7.1799)

(Figure 2).

3. Relationship between tumor pH and pStage

Although a significant correlation did not exist, tumors of

pH in normal lung tissue
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Figure 1 The pH in lung tumors and in normal lung tissue.
The maximum diameter of the tumors is

represented by the size of the circles.
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Figure 2 Relationship between tumor pH and tumor size.

Histological classifications of the tumors are
represented as follows: O adenocarcinoma, [l
squamous cell carcinoma, @ small cell carcinoma,
A adenosquamous carcinoma, 4 pleomorphic
carcinoma.

advanced pStage tended to have a lower pH (Figure 3).

4. Relationship between tumor pH and the location of tumors

There was a positive correlation between tumor pH and
the location of tumors, such that tumor pH was higher in
the distal region of the lobe with increased bronchial
branching (Spearman’s correlation coefficient: rs =0.4496
(p <0.05), regression line: Y'=0.1431 X X'+ 6.0311) (Figure
4).

In addition, the expression of tumor markers was
measured in patients with lung adenocarcinoma who met
the inclusion and exclusion criteria between 2010 and 2015.
The measurements were collected prior to, and 1 year after
the surgery, in order to examine the relationship between
tumor pH in lung adenocarcinoma and the expression of
tumor markers. Specifically, carcinoembryonic antigen (CEA)
and sialyl SSEA-1 (sialyl LewisX-I antigen, SLX) were
selected as tumor markers as they are highly specific to ad-
enocarcinoma. In addition, gastrin-releasing peptide precur-
sor (ProGRP), a marker specific for small cell carcinoma,
was selected for comparison. Patients were excluded from
the study if they had diseases or conditions that could

contribute to false-positive tumor marker expression (Table).
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Figure 3 Relationship between tumor pH and pathological
stage (pStage).
Tumor pH was plotted against the pathological
stages. Tumor pH tended to be lower in advanced
stages.

pH in lung tumors
15

(@)
7 Q
0 g

o /8/0/
65 / 8
(@)

e}

55

Y = 0.1431 x X + 6.0311
(r = 0450, p = 0.050)

s v >V

Order of bronchial branching

Figure 4 Relationship between tumor pH and the location
of tumors in the lung.
Tumor pH was higher in the distal regions of the
lobes.

Thirteen patients (3 men and 10 women; average age: 69.3)

met all the criteria.

5. Relationship between tumor pH in lung adenocarcinoma

and the expression of tumor-specific markers

Although a significant correlation did not exist, the level
of CEA expression tended to be higher in tumors with a low
pH prior to surgery (Figure 5). There was a similar trend
between tumor pH and the level of SLX expression (Figure
6). There was no correlation between tumor pH and the
level of ProGRP expression (Figure 7). Similar trends
persisted 1 year after surgery, such that the high expression
levels of CEA and SLX were associated with low pH in

tumors, whereas there was no correlation between tumor
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Conditions that result in positive or false-positive expression of tumor markers.

Tumor marker

Conditions that result in positive or false-positive findings

CEA

SLX

ProGRP

Heavy smoking

Aging

Diabetes

Connective tissue disease

Chronic lung disease

Liver dysfunction

Pancreatitis

Gastritis, gastric ulcer, ulcerative colitis

Kidney dysfunction

Other lung cancers (squamous cell carcinoma, large cell carcinoma, small cell carcinoma)

Gastrointestinal cancers (esophageal cancer, gastric cancer, colorectal cancer, pancreatic and biliary tract
cancer)

Breast cancer

Medullary thyroid cancer

Hypothyroidism

Gynecological tumors (cervical cancer, ovarian cancer)

Urinary tract cancer

Chronic lung disease
Gastrointestinal cancers (gastric cancer, colorectal cancer, pancreatic and biliary tract cancer)

Gynecological tumors (ovarian cancer)

Chronic lung disease

Kidney dysfunction

Neuroendocrine tumors (carcinoid tumors, large cell neuroendocrine carcinoma)
Medullary thyroid cancer

Pancreatic cancer

Ovarian cancer

Heavy smoking: smoking index > 600, Diabetes: HbAlc (NGSP) > 7.0%, Kidney dysfunction: serum Crea. > 1.3 mg/ml
or serum BUN > 24, Cancer cases were only considered if they developed within 5 years of the surgery (excluding ear-
ly-stage cancers that may be candidates for endoscopic treatment).
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Figure 5 Relationship between tumor pH in lung adenocarcinoma and the expression of CEA.
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Figure 6 Relationship between tumor pH in lung adenocarcinoma and the expression of SLX.
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Figure 7 Relationship between tumor pH in lung adenocarcinoma and the expression of ProGRP.

pH and the level of ProGRP expression (Figures 5-7).

IV. Discussion

Tumor cells proliferate rapidly, outgrowing the vascular
supply maintained by angiogenesis. This leads to the
insufficient delivery of oxygen and nutrients to tumor cells.
Thus, cancer cells survive in a harsh tumor microenviron-
ment characterized by hypoxia, a low pH, and low glucose
levels”™. Cell survival in the tumor microenvironment is
maintained by hypoxia-inducible factor (HIF)"*, which is
constitutively activated to regulate the expression of multi-
ple genes involved in adaptation, tumor metastasis, and

9-13

resistance to treatments’ V. Specifically, the oxygen-sensing

a -subunit of HIF-1 induces the expression of genes in-

volved in glycolysis, an oxygen-independent metabolic
pathway, leading to the suppression of oxidative phospho-
rylation in mitochondria. This mechanism results in the
effective production of ATP by glycolysis under hypoxic
conditions. The changes in the cellular pH induced by
glycolysis are neutralized in the cytoplasm and plasma
membrane, as well as by transmembrane H' flux caused by
the voltage gradient; however, pH homeostasis is driven
more strongly by HIF-1-regulated mechanisms such as the
activation of carbonic anhydrase IX, monocarbocylate
transporter, and Na' / H' exchanger. In addition to the pH,
HIF-1a regulates metabolic adaptation, erythropoiesis,
angiogenesis, and vasoconstriction, as well as cellular

growth, survival, and apoptosis. In cancer cells, the overex-
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pression of HIF-1a cells to adapt in order to survive in the
harsh tumor microenvironment'?. Thus, the tumor
microenvironment, in particular low pH, may in fact be
suitable for tumor cells to survive and proliferate.

In the present study, we investigated the relationship
between pH and the clinicopathological factors in primary
lung tumors. We set the exclusion criteria to minimize the
impact of the host to the tumor microenvironment. Specific-
ally, patients were excluded if they 1) had undergone
thoracic surgery or had ventilatory defects that could direct-
ly affect respiratory functions, 2) received antithrombotic
therapy or other cancer therapies that could affect microcir-
culation via regulation of the blood coagulation system,
3) received vasodilators that could affect gas transport by
acting on the microcirculatory system, or 4) had similar
conditions as in 1-3.

Next, we sought to determine the appropriate location to
measure pH in primary lung tumors. Our results in the
normal tissue indicated that pH varies significantly depend-
ing on where the pH meter is inserted, suggesting that the
presence of normal tissue may interfere with the measure-
ment of pH in tumors. Thus, we selected patients whose
tumors had < 50% ground glass opacity nodules, and
measured the pH in the center of the tumor, which was
composed solely of cancerous tissues as determined by
visual inspection.

Our results demonstrated that tumor pH was negatively
correlated with the size of tumors, such that the pH
measured in the middle of tumors decreased to less than the
physiological level with increasing tumor size.

One of the patients in our study exhibited a low pH (pH
=6.45) both in the core of the tumor and in the normal lung
tissue. The patient was an 80-year-old male without any
notable medical history or comorbidities, and the surgery
was performed with curative intent. Histopathological
examination led to the diagnosis of stage pT2aNOMO,
pStage II A pleomorphic carcinoma. However, metastatic

lesions were found in the contralateral lung and pleura soon
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after the surgery, and the patient died of the metastatic
cancer 9 months after the surgery. Thus, the low pH in the
normal lung may be an indicator of disease progression that
cannot otherwise be detected by clinical observations or
data.

There was a similar trend between tumor pH and pStage,
which may be related to the relationship between tumor pH
and tumor size. Our results also demonstrated that tumor
pH increases towards the distal end of the lungs. We believe
that bronchial branching has little effect on the partial pres-
sure of CO, and therefore on pH, unless there are prominent
strictures or airway obstruction. Thus, the observed increase
in tumor pH in the distal regions of the lungs may be
attributed to the fact that tumors in the distal lung are
typically small.

Moreover, we examined the relationship between tumor
pH in lung adenocarcinoma and expression of tumor
markers that are clinically relevant. Tumor markers are
produced by tumor cells, as well as by normal cells in
response to the presence of tumor cells. They are indicators
of the presence of tumors, as well as the subtypes and the
amount of tumor cells present in the body. In particular, as
the expression level of these markers reflects the amount of
tumor cells present in the body, it may indicate the state of
the disease as well as its progression. In the present study,
we set additional criteria to exclude patients who had dis-
eases or conditions other than lung adenocarcinoma that
could contribute to false-positive tumor marker expres-
sion" . Of note, as these criteria excluded patients with
conditions common in men, such as chronic lung disease
and heavy smoking, the study patients included a large
proportion of women.

We demonstrated that there was a negative correlation
between the pH in lung adenocarcinoma and the expression
of adenocarcinoma-specific markers, such as CEA and SLX,
although the correlation was not significant. On the other hand,
there was no correlation between the pH in lung adenocar-

cinoma and the expression of ProGRP, which is not specific



[N R N 2 e

to adenocarcinoma. Our findings indicate that the measure-
ment of pH in tumors may provide a better understanding
of the disease state, leading to improved cancer diagnosis
and treatment. For example, direct measurement of the pH
in the lymph nodes may result in the detection of metastatic

nodes.

V. Conclusion

The goal of the present study was to investigate the cor-
relation between pH and clinicopathological factors in lung
tumors. Our results supported the notion that the pH inside
tumors is lower than the physiological level, and that tumor
cells adapt to the harsh tumor microenvironment to survive.
Furthermore, our findings indicated that tumor pH may be

indicative of disease states in lung cancer.

There is no conflict of interest to disclose.
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