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An evaluation of the effects of medium pH on
the viability of the HepG2 cell line
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Abstract: Cancer cells are characterized by increased glucose uptake and the production of lactate, which leads
to acidification of the tumor microenvironment. This acidification facilitates the development of invasiveness and
metastasis. In this study, we investigated the effects of medium pH manipulation on the proliferation and viability
of human hepatocellular carcinoma (HepG2) cells in vitro. HepG2 cells were grown in media with pH ranging from
6.0 to 8.5 for 24 h. The cells were then subjected to WST-1 and trypan blue exclusion assays to evaluate viability
and cell proliferation, respectively. At pH 6.8 and 6.6, HepG2 cell viability was not significantly different from the
control group (pH 7.2) (p>0.05) but there was a significant decrease at pH 6.4, 6.2 and 6.0 (p<0.05). Furthermore,
there was a significant decrease in cell viability at pH's 7.8, 8.0 and 8.5 (p<0.05). Cell numbers decreased at pH 6.8
and increased at pH 6.6, although not significantly (p>0.05), and decreased at pH 7.6 and 7.8 (significant at pH 7.8;
p<0.05). In acidic environments, the cells were spindle-shaped and formed islands but they became more spherical
and had reduced adhesion capacity in alkaline media. In this study, an alkaline environment reduced the prolifera-
tion and viability of the cell line, HepG2. Therefore, after further investigations, in addition to current treatments,
systemic alkalization that appropriately increases the pH of the tumor microenvironment may suppress the activity
of tumor cells and increase the efficacy of normal HCC treatment.
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HepG2 hiicre hattinin canlihigi lizerine medium pH'sinin etkisinin incelenmesi

Ozet: Kanser hiicreleri, tiimdr mikrocevresinin asitlesmesine neden olan artmis glikoz alimi ve laktat retimi ile
karakterizedir. Asidik mikro-cevre kanser hicrelerinin invazyon ve metastaz gelisimini kolaylastirir. Bu calismada
medium pH degisiminin, in vitro insan hepatoseliiler karsinom (HepG2) hiicrelerinin proliferasyon ve canlligina etki-
sinin degerlendirilmesi amaglanmistir. HepG2 huicreleri pH degeri 6.0 ile 8.5 arasinda degisen medium ortamlarinda
24 saat boyunca inkiibe edildi. Daha sonra hiicre canliigi ve proliferasyon degerlendirmeleri icin sirasiyla WST-1
ve tripan mavisi hlcre canlilik testleri uygulandi. HepG2 hiicre canliliyinda, medium pH'si 6.6 ve 6.8 olan gruplar ile
kontrol grubu (pH 7.2) karsilastirildiginda énemli bir farkin bulunmadigi (p>0.05), ancak pH 6.4, 6.2, 6.0'da 6nemli
oranda azalmanin oldugu saptandi (p<0.05). Ayrica alkali gruplardan pH 7.8, pH 8.0 ve pH 8.5'te hiicre canlilik ora-
ninda belirgin bir azalma g6zlemlendi (p<0.05). Hiicre sayisinda pH 6.8'de artis ve pH 6.6'da azalmanin oldugu ancak
istatistiksel olarak énemli fark olmadigi (p>0.05), pH 7.6 ve 7.8'de azalmanin bulundugu ve bu azalmanin pH 7.8'de
onemli oldugu saptandi (p<0.05). Asidik ortamlarda, ig seklindeki hicrelerin adalar olusturdugu, alkali ortamda ise
yapisma kapasiteleri azalmis hiicrelerin yuvarlak sekilde oldugu gdzlendi. Bu ¢alismada, alkali mikro-cevrenin HepG2
hticre hattinin canlligini ve proliferasyonunu azalttigi tespit edilmistir. Bu nedenle, daha ileri arastirmalardan sonra
mevcut tedavi yontemlerine ek olarak timor mikro-cevre pH'sini uygun bir sekilde yikselten sistemik alkalizasyo-
nun, timaor hicrelerinin aktivitesini baskilayabilecegi ve normal HCC tedavisinin etkinligini artirabilecegi sonucuna
varildi.

Anahtar kelimeler: Alkali ortam; HepG2; mikro-cevre; proliferasyon; Warburg etkisi

Introduction

Cancer, which is defined by abnormal cell growth
that leads to an imbalance between cell proliferation
and cell death as a consequence of multiple chang-
es in gene expression (Ruddon, 2007), is one of the
most common causes of death worldwide (Torre et
al. 2016) . The International Agency for Research on
Cancer (IARC) reported that 18.1 million people were

diagnosed with cancer in 2018, and of that number,
9.6 million died (Bray et al. 2018). Hepatocellular
carcinoma (HCC), which originates from liver cells
called hepatocytes, is the most common, primary
malignant tumor of the liver (Rodriguez-Hernandez
et al. 2018).

The metabolism of cancer cells is particularly
oriented to survival and proliferation. One of the
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most important changes is in energy metabolism
(Hsu and Sabatini 2008). Many cancer cells convert
glucose to lactate, although less energy is gained
than through aerobic breakdown. Otto Warburg, in
the 1920s, was the first person to report the occur-
rence of this metabolic process, even in the pres-
ence of sufficient oxygen. This phenomenon later
became known as the "Warburg Effect” (Gatenby
and Gillies 2004; Kato et al. 2013; Tian et al. 2019).
Many studies have demonstrated that the pH of the
extracellular fluids of cancer cells is acidic because of
the Warburg Effect (Schwartz et al. 2017). The pH of
the extracellular environment of tumor cells is gen-
erally 0.3 to 0.7 pH units lower than that of normal
cells (Hao et al. 2018). While the extracellular pH of
tumors ranges from 6.5 to 6.9, normal extracellular
pH is between 7.2 and 7.5. An acidic microenviron-
ment is a characteristic feature of the environment
of cancer cells, such as HCC (Zhang et al. 2010; Chen
et al. 2017). Moreover, the extracellular pH of malig-
nant melanoma tissue is approximately 6.7 whereas
the extracellular pH of normal skin tissue cells is
approximately 7.3. Similarly, the extracellular pH of
uterine cancer cells (6.9) is more acidic than normal
uterine cells (7.6) (Hao et al. 2018).

The two main reasons why the pH of the micro-
environment of cancer cells is acidic are the increa-
sed expression and activity of carbonic anhydrases
and proton carriers which transport lactate and CO,
to the outside of the cell, and the accumulation of
CO, and lactate there due to poor perfusion (Zhang
et al. 2010; Chen et al. 2017). Many recent studies
have shown that the Warburg effect enhances the
probability of: survival of tumor cells DeBerardinis
et al. (2008); Lodish et al. (2016); Tuccitto (2018) tu-
mor progression, metastasis and angiogenesis Chen
et al. (2017); Zhang et al. (2017), suppression of the
immune response in the tumor microenvironment
Alfarouk et al. (2015), and resistance to the drugs
administered during chemotherapy (Raghunand
and Gillies 2000; Chen et al. 2017; Zhang et al. 2017).

Therefore, therapeutic interventions that target
the acidity of the tumor microenvironment are be-
ing employed (Neri and Supuran 2011). For exam-
ple, systemic alkalizers and alkalizing agents such
as sodium bicarbonate have been successfully used
to suppress the cell growth and metastasis of the
human breast cell lines, MCF-7 and MDA-MB-321,
and the human colon cancer cell line, HCT116, by in-
creasing the extracellular pH (Robey et al. 2009; Silva
et al. 2009; Ibrahim-Hashim et al. 2012; Estrella et
al. 2013). Moreover, oral sodium bicarbonate treat-
ment was reported to reduce the extent of metasta-

sis of breast and prostate cancer in immune system-
deficient mice (Robey et al. 2009). In addition, in a
clinical study involving patients with small cell lung
cancer, an alkaline diet administered in combination
with EGFR inhibitors increased the average survival
time from 18.6 months to 28.5 months (Hamaguchi
et al. 2017). Moreover, the radiation-induced death
rate of human colorectal cancer cells (RKO.C) is low-
er at a more acidic pH than at the normal pH (Park
et al. 2000, 2003). Although the relationship be-
tween cancer and the Warburg Effect has been the
subject of a substantial amount of research over the
past decade, to the knowledge of the authors of the
present study, the effects of changes in the pH of
the medium on the proliferation and viability of the
human hepatocellular carcinoma cell line, HepG2,
have not been investigated. Therefore, in this study,
we evaluated the effects of both acidification and
alkalization of the tumor microenvironment on the
proliferation and viability of HepG2 cells and, indi-
rectly, tumor progression.

Materials and Methods

Chemicals and Medium: The sodium bicarbonate,
hydrochloric acid, trypan blue, Minimum Essential
Medium (MEM), L-glutamine, penicillin-strepto-
mycin and sodium pyruvate were purchased from
Sigma-Aldrich (St. Louis MO, USA). The WST-1 cell
proliferation assay reagent was purchased from
Roche (Basel, Switzerland), the essential amino acid
was purchased from GIBCO (Grand Island, NY, USA),
and the trypsin-EDTA was purchased from Biological
Industries (Kibbutz Beit Haemek, Israel).

Cell culture: The human hepatocellular carcinoma
HepG2 cells were provided by the American Type
Culture Collection (ATTC, HB-8065, USA). The cell
culture medium consisted of MEM supplemented
with 10% FBS, 2mM L-glutamine, 1% antibiotics
(penicillin and streptomycin), 1% sodium pyruvate,
1% Non-Essential Acid (NEAA) and 2.2% g/l sodium
bicarbonate. The frozen vials of cells were stored in
a freezer at —80°C (Nive-DF 490) until the ex-
periment was conducted, at which time they were
thawed by immersing the vial in a shaking water-
bath (Nive-Nb 20) at 37 °C. After thawing, the vial
was disinfected with 70% isopropanol. The cells were
then transferred into a sterile 75 cm? tissue cell cul-
ture flask containing 20 ml of MEM (supplemented
with 20% FBS) and incubated at 37 °C under a hu-
midified atmosphere containing 5% CO, (Nive-EC
160) until they reached 75-80% confluence. During
the incubation process, the culture medium was re-
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placed with fresh medium every second day. When
the cells reached approximately 80% confluence,
they were removed from the flasks by trypsinization
with 0.25 trypsin-EDTA and then sub-cultured. Later,
the number of viable cells was counted by using
0.4 % trypan blue (Sigma, St Louis, MO, USA) stain-
ing and a Bio-Rad TC10™ automatic cell counter.
After counting, the cell suspension was diluted with
the same medium (containing 10% FBS) to 108 cells
per 75 cm? flask before seeding. Then, all the cells
were maintained in a humidified incubator contain-
ing 5% CO, at 37°C for 72 h. All of the preceding
procedures were carried out under a sterile laminar
flow hood.

Cell Viability Assays: The WST-1(2-(4-lodophenyl)-
3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-
tetrazolium, monosodium salt) assay and trypan
blue dye exclusion method were used to evaluate
the inhibitory effects of different pH environments
on HepG2 cells.

WST-1 assay: Cell viability was measured spec-
trophotometrically with WST-1, a cell proliferation
reagent (Roche Diagnostics GmbH, Mannheim,

Atest-Ablank
Acontrol-Ablank

Proliferation rate=

And percentage viability=

Germany), according to the manufacturer's recom-
mendations. For this purpose, HepG2 cells were
transferred to a 96-well culture plate at a density of
3 x 10* cells per well and incubated for 24 h at 37°C
under a 5% CO, atmosphere. Twenty-four hours lat-
er the medium in each well was replaced with a me-
dium adjusted with HCl or NaOH to one of 11 differ-
ent pH levels ranging from pH 6 to 8.5. The cells in
all wells were then incubated under the same condi-
tions for 24 h. After 24 h, 10 uL of WST-1 was added
to each well. The contents of the wells were then
mixed for two minutes in an orbital shaker (Wise-
Stir-MSH-20A). Following that procedure, the plates
were incubated in a 5 % CO, atmosphere at 37°C
for 30 min. Each experiment described here was
performed in triplicate. In the final step, to calculate
cell viability, the absorbance was measured at a test
wavelength of 450 nm and a reference wavelength
of 620 nm by using a microplate reader spectropho-
tometer (Tecan, software Magellan, Switzerland). All
experiments were performed in triplicate.

The inhibitory effects of the cellular microenvi-
ronment were evaluated according to the formula
of Yin et al. (2018), as follows:

Atest-Ablank
Acontrol-Ablank

X100

(Atest: absorbance values of test group, Acontrol: absorbance values of control group (medium at pH 7.2), Ablank: absorbance value

of blank sample)

Trypan blue exclusion assay: The trypan blue
test was applied according to the manufacturer’s in-
structions. In brief, 3 x 10° cells were inoculated into
each well of a 6-well plate and incubated for 24 at
37°C under an atmosphere containing 5% CO,. After
24 h of growth, the culture medium was removed
and replaced with the test medium. For the trypan
blue exclusion assay, the culture medium was re-
moved from each well after 24 h. The cells were then
washed with 1 ml trypsin-EDTA, after which 750 pL
trypsin was added per well to remove the cells. The
removed cells were then re-suspended in 750 pL of
culture medium. The cell suspensions were then di-
luted 1:1 (viv) with 0.4% trypan blue and then a 20
ML mixture was transferred to a cell count slide (Bio-
Rad 145-0011). Cell counting was performed with
an automated cell counter (Bio-RadTC20 Hercules,
CA, USA). All experiments were performed in trip-
licate.

External cell morphology determination: Cells
were seeded into 6-well plates at a seeding density
of 3x10° cells per well in cell growth medium at pH
7.2, and then allowed to acclimate for 24 hrs. The

medium was then replaced with a medium at pH
6.6, 6.8, 7.6, or 7.8. The morphological examination
of the cells was carried out under a phase contrast
inverted microscope (Zeiss-Vert. A1, Oberkochen,
Germany) after the 24-hour incubation period.

Statistical analysis: The statistical analyses were
performed using SPSS v 21 (SPSS Inc., Chicago, IL,
USA). The logarithmic transformation of cell counts
for trypan blue test results was performed (with
logarithms base 10). The data were tested with the
Shapiro Wilk test for normality. Since the data were
normally distributed, the means were analyzed with
the one-way analysis of variance test (ANOVA), with
post hoc Tukey's and Dunnett's tests applied. All
data are presented as mean * standard deviation
(SD), and p<0.05 was applied as the level of statisti-
cal significance. All experiments were replicated at
least three times.

Results

WST-1 Cell Viability Assay: The WST-1 method was
used to determine the inhibitory effects of pH on
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the viability of HepG2 cells. The percentage of viable
cells in the medium with pH 7.0 (101.52%) was very
similar to that observed for the control group pH 7.2
(100%). However, the inhibitory effects of the media
at pH 6.4, 6.2, and 6.0 were significantly higher than
the control group (p<0.05). In the more alkaline sec-
tion of the pH spectrum, at pH 7.4 the cell viability
increased significantly in comparison to the control
group (p<0.05), at pH 7.6 there was no difference
(p>0.05), and at pH's 7.8, 8.0 and 8.5, there was a
significant decrease in cell viability (p<0.05) (Figure
1). Based on the cell viability results, media at four
different pH levels were selected for the trypan blue
test for confirmation of the WST-1 test results and
to examine cell morphology.

Trypan blue exclusion assay: The inhibitory effects
of culture media at pH 6.6, 6.8, 7.6, and 7.8 on the
proliferation of HepG2 cells was assessed with a try-
pan blue exclusion assay and the results are shown
in Table 1.

The number of live cells decreased at pH 6.8 but
increased at pH 6.6 in comparison to the control
group, although neither difference was significant
(p>0.05). When these results were compared with
results from the WST-1 assay, cell viability at pH 6.6
(102.88%) was also higher than at 6.8 (99.71%). In
addition, the numbers of live HepG2 cells decreased
at both pH 7.6 and pH 7.8, but only at pH 7.8 was
the difference significant (p<0.05), with cell viabili-
ties of approximately 95% and 65% at pH 7.6 and
7.8, respectively (Figure 1).
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Figure 1. Effects of alteration of the pH level of the culture medium on the viability of HepG2 cells. Data are
expressed as meant SE; *indicates that the mean for the pH is significantly different from the control pH

(7.2) (p<0.05).
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Table 1. HepG2 cell proliferation in culture media at different
pH values.

Number of Live Cells/mm? (logarithms
PH base 10) (Mean + SD)
6.6 6.29 £ 0.025°
6.8 6.25 £ 0.016°"
Control (7.2) 6.27 £ 0.015°°
7.6 6.19 + 0.024°
7.8 6.02 + 0.061¢

abc The mean number of live cells in the media marked with dif-
ferent superscripts is significantly different ( p<0.05)

Characterization of the morphology of HepG2
cells cultured in media of different pH: At pH 6.2
and 6.8, the spindle-shaped HepG2 cells formed
large islands but at pH 7.6 they formed small patches
of round cells. In addition, HepG2 cells grown in the
more alkaline pH 7.8 environment were also spheri-
cal but had lost their capacity to adhesion (Figure 2).

B 8 iy
G i ke Y

Figure 2. Microscope images at 80 x magnification of HepG2 cells cultured at pHs ranging from 6.6 to 7.8
pH for 24 hrs in a 6-well plate: (a) pH 7.2 (control group), (b) pH 6.6, (c) pH 6.8, (d) pH 7.6, (e) pH 7.8.
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Discussion

The Warburg Effect (aerobic glycolysis) is a typical
characteristic of cancer cells in that they exhibit ab-
normal metabolism due to an increase in the rate
of glucose uptake and the production of lactate,
even in the presence of oxygen, and is considered
a distinctive feature of cancers (Silva et al. 2009).
The metabolic consequences of this phenomenon
are low glucose concentration, high lactate con-
centration, and lower extracellular pH in the tumor
microenvironment. Lower extracellular pH and a hy-
poxic environment facilitate tumor growth and de-
velopment and induce metastasis and invasion via
multiple pathways. These pathways include point
mutation, gene amplifications, inactivation of me-
tastasis suppressor genes resulting from deletions,
genomic instability, and overexpression by the
genes involved (Rofstad et al. 2006; Swietach et al.
2007). In the clinical environment, the acidic tumor
microenvironment reduces the anti-tumor immune
response, the effectiveness of chemotherapy and
radiotherapy, and ultimately the survival rate after
surgical intervention. The tumor microenvironment
and metabolic pathways inducing this microenviron-
ment, which are fundamental to the cancer progno-
sis, mean that in vivo and in vitro studies on that mi-
croenvironment are gaining importance (Lacroix et
al. 2018). Approaches that target this acidity, such as
the direct neutralization of the acidic microenviron-
ment, the development of acid-activatable drugs
and nanoparticles, and the targeting of the meta-
bolic pathways of tumor cells, have been reported
(Pillai et al. 2019).

In the present study, the effects of manipu-
lation of the normal acidic environment of HepG2
cells on their viability and proliferation were investi-
gated. In the trypan blue exclusion assay, the num-
ber of live cells decreased at pH 6.8 and increased at
pH 6.6 in comparison to the control group (pH 7.2),
but the differences were not significant (p>0.05).
Separately, the WST-1 test showed that cell viabil-
ity in the range from pH 7.0 to 6.6 was close to or
higher than in the control group, but the number
of viable cells significantly decreased (p<0.05) at
pH 6.4 and lower, with the proportion of live cells
at approximately 60% or lower (Fig. 1, Table 1). It
has been reported that the in vivo extracellular pH
of many tumors ranges from 6.6 to 7.0 (Hao et al.
2018). The results of the WST-1 test in the present
study are supportive of these data.

Extracellular acidity leads to a more malignant
cell phenotype, the activity of which is mediated by

signal proteins, transcription factors, cytokines, in-
vasion-related receptors, and the modulation of the
hundreds of genes that stimulate cell proliferation
in the early stages of tumor progression (Rofstad
et al. 2006; Moellering et al. 2008; Fukamachi et al.
2013). In this study, the metastatic activity and in-
vasiveness of HepG2 cells cultured at pH 6.6 were
likely increased by the inactivation of the tumor
suppressing cell adhesion molecule, E-cadherine,
as reported by Chen et al. (2009). Separately, when
HS27 fibroblast cells were cultured in a high lactate
(acidic) environment, the level of hyaluronan, which
is responsible for rapid tissue growth, increased
(Stern et al. 2002). Rofstad et al. (2006) reported
that the melanoma cell lines, A-07, D-12 and T-22,
when cultured in acidic media, and then injected
into mice, increased pulmonary metastasis due to
the overexpression of matrix metalloproteinases 2
and 9 (MMP-2 and MMP-9), and cathepsin B and L,
which are proteolytic enzymes.

In a holistic sense, the biology of cancers can
be seen as the product of an evolutionary and eco-
logical process. All tumor cell phenotypes poten-
tially provide an evolutionary advantage that sup-
ports cell proliferation, especially increased glucose
metabolism and, consequently, interstitial acidosis.
Moreover, local acidosis, which is widely observed
in nature, is seen as "niche engineering”, a phe-
nomenon by which plants and animals change their
environment and consequently gain a competitive
advantage that helps ensure their growth and sur-
vival (Gatenby et al. 2006; Gatenby and Gillies 2008).
Based on the results of our study, the increased pro-
liferation rate of HepG2 cells in acidic environments
may be interpreted as the first step of "niche engi-
neering”.

In the current study, the proliferation and vi-
ability of HepG2 cells in media at pH 6.6, 6.8, and
7.0 did not differ significantly from the control (pH
7.2) (p>0.05), which provides indirect support for
earlier reports that tumors generally have an acidic
extracellular environment that, by inference, is sup-
portive of their growth (Zhang et al. 2010; Chen et
al. 2017; Hao et al. 2018). The present study also
showed that the proportion of viable HepG2 cells
was lower when they were cultured in alkali media,
except at pH 7.4, and significantly lower at pHs of
7.8 and higher (p<0.05). The significant decrease
in both cell viability and proliferation at pH 7.8 (Fig
1, Table 1) in comparison to the control group ap-
pears to be a key finding of the present study. These
findings could support to create and maintain an
alkaline microenvironment around tumor cells in

Etlik Vet Mikrobiyol Derg,

https://vetkontrol.tarimorman.gov.tr/merkez

Cilt 31, Sayt 2, 2020, 107-114



Glivenalp N and Guiveng D. An evaluation of the effects of medium pH on the viability of the HepG2 cell line

113

patients that would make a meaningful difference
to their treatment outcomes.

Other evidence for the potential benefits of
treatment with alkalization was provided by Trived
et al. (2018) who reported that increasingly alka-
line pH reduced the viability of the breast cancer
cell line, MDA-MB-231. In addition, an extract from
the neem tree, Azadirachta indica, in combination
with alkaline pH treatment, caused a dose-depen-
dent decrease in cell viability in vitro. Moreover,
several recent preclinical and clinical studies have
reported that tumor behavior was altered by the
administration of sodium bicarbonate orally or oth-
er alkali diet treatment. Also, in a modeling study,
orally administered bicarbonate therapy reduced
the incidence of metastasis in breast and prostate
cancer in immunity-deficient mice (Robey et al.
2009). In another study, patients with non-small cell
lung cancer (NSCLC) and epidermal growth factor
(EGFR) mutation were treated with an alkaline diet,
in addition to the low-dose EGFR inhibitors, gefi-
tinib, erlotinib, and afatinib, at the standard treat-
ment doses. Patients were followed-up long-term
and their survival was prolonged in comparison to
patient populations receiving the standard treat-
ment. The researchers stated that their results with
advanced lung cancer patients constituted clinical
evidence that there may be positive outcomes re-
lated to this treatment (Hamaguchi et al. 2017). In
contrast, the activity of cytokine-induced killer cell’s
antitumor activity against HepG2 cells was reduced
in a medium at pH 6.5 (Izumi et al. 2003). In addition,
the intracellular accumulation of various lipophilic
anticancer agents has been shown to be controlled
by the cellular pH gradient. Therefore, studies on pH
sensitive nanoparticles are being conducted for se-
lective cancer chemotherapy (Feng et al. 2017; Xia
et al. 2018).

Conclusion

An acidic tumor microenvironment can change the
behavior of tumor cells and manifest as prolifera-
tion, invasion, and metastasis, and also reduce the
immune system response to the tumor and the suc-
cess of chemotherapy. The present study demon-
strated that an alkaline medium can significantly re-
duce the proliferation and viability of HepG2 cancer
cells in vitro. Therefore, in addition to the existing
treatment strategies, the appropriate alkalization of
the microenvironment of tumor cells may increase
the probability of successful treatment. To further
that objective, preclinical and clinical studies should
be conducted into changes in the activity of recep-

tors, signal proteins, transcription factors, cytokines,
and cell cycle control genes resulting from the alka-
lization of the tumor microenvironment.
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