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Abstract: Recent research on selenium-dependent glutathione peroxidase 2 (GPX2) tends to focus on
possible roles in tumorigenesis. This is based on the idea that normally generated hydroperoxide
species can damage DNA to produce mutations and react with protein sulfhydryl groups to perturb
normal regulation of cancer-related pathways. GPX2 is one of many peroxidases available to control
hydroperoxide levels. Altered GPX2 expression levels from normal to cancer or with cancer stages
seems to be the main feature in bringing it to the attention of investigators. In this commentary, we
examine this premise as a basis for cancer studies, largely by trying to place GPX2 within the larger
context of antioxidant enzyme gene expression. We make use of public databases and illustrate their
possible role in approaching this issue. Since use of such databases is new to us, we looked to sources
in the literature to evaluate expression level data, finding general agreement with some discrepancies
over the range of expression and relative expression levels among some samples. Using the database
information, we critically evaluate methods used to study GPX2 in the current literature for a variety
of cancers. Second, groups are now trying to compare enzymatic properties of GPX1 and GPX2 using
proteins from bacterial cultures. We weigh in on these recent findings and discuss the impact on the
relative GPX2 and GPX1 functions.
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1. Introduction
1.1. GPX2 in the Scheme of Things

Claims for selenium-dependent glutathione peroxidase 2 (GPX2) involvement in tu-
morigenesis constitute about one third of all GPX2 publications (PubMed). GPX2 could
play a role in tumorigenesis based on older and somewhat stronger work that considered
the selenium (Se) dependance of the enzyme for in vitro studies and maintained some
awareness of competition for hydroperoxide (ROOH-hydrogen peroxide and alkyl hy-
droperoxides) metabolism among antioxidant enzymes (minimally GPX1, 2 and 4) [1–9]. In
our view, the current work is often weak, repeatedly making the same errors. It is because
of this situation that we want to present a commentary on the current work and suggest
easy ways to improve studies, some of this drawing on the use of public databases [10].

As a selenium-dependent glutathione peroxidase, GPX2 efficiently reduces hydroper-
oxides at the expense of glutathione (GSH) in the standard coupled enzyme activity assay,
showing the possibility that it helps control steady-state levels of ROOH in cells (our condi-
tions were -pH 7.3, 3 mM GSH, 60 µM hydrogen peroxide, Na Azide added to kill catalase
(CAT); coupled assay-glutathione reductase and NADPH) [11]. We found that in mice
lacking GPX1 and GPX2 (GPX1/2-knockout mice mutation levels in the ileum and colon
mucosal epithelium were significantly elevated; one factor in promoting often cancerous
tumors found in the ileum and colon [12]. This is presumed to be due to lack of control
over levels of hydroperoxides. In fact, knocking out major oxidant generating sources
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in the intestine, NADPH oxidases NOX1 or DUOX2, lowered the incidence of ileocolitis
in GPX1/2-DKO mice [13,14]. ROOH species are known to oxidize sulfhydryl groups of
enzymes affecting activities that can impact tumorigenesis [15]. The prostaglandin pathway,
known to stimulate growth of colon tumors, may also be impacted by expression levels
of GPX2 [6]. However, for GPX2 to have an effect it must be highly expressed relative to
competing peroxidases, including its sister isoenzyme, GPX1. Increases or decreases in
expression levels are often substituted for this condition as the premise behind many inves-
tigations into the relationship between GPX2 and cancer. Such work is often supported by
misuse of the DCFH-DA assay (2′,7′-dichlorodihydrofluorescein diacetate) in cell lines after
forced manipulation of levels by si- or sh-RNAs or overexpression and utilizing culture
media generally lacking in selenium (Se), which detrimentally impacts GPX2 and GPX1 at
the activity level [16–21].

In July of 2022, we published a review of progress in GPX2 studies over the 30 years
since its discovery [21]. In the critical appraisal section, we pointed out that GPX2 has a
limited expression range and is always in the company of GPX1, peroxiredoxins 1–6 (PRDX-
thioredoxin-dependent peroxidases) and catalase (CAT), which will compete for a reduction
in ROOH based largely on relative protein abundance and compartmentalization (constraint
for CAT) [22]. We suggested that the relative contribution of GPX2 to ROOH metabolism
could be evaluated before studies began. This would serve to apprise the likelihood that
GPX2 could be a major factor in ROOH catabolism and whether any changes in expression
levels were likely to be impactful. This could be estimated using such databases such as The
Human Protein Atlas (THPA), The Cancer Gene Atlas (TCGA), Tumor Immune Estimation
Resource (TIMER 2.0) and Gene Expression Profiling Interactive Analysis (GEPIA2) and
for human tumor-derived cell lines using the Cancer Dependency Map Project (DepMap).
These sites supply expression levels as TPM or FPKM and we will examine these metrics
as surrogates for protein or activity levels and how see how they compare to measurement
of mRNA levels via RT-PCR in several publications.

1.2. Early Characterization and Current Updates on GPX2

A major point is GPX2 was not found by pursuing any hypothesis or trying to rectify
any data anomaly. It came as result of an effort to clone human GPX1 from a human
liver cDNA library [21]. We found that the cDNA clone, when transfected into MCF-7
cells encoded an active, cellular selenoperoxidase with a hydroperoxide substrate range
like GPX1. The physical properties were only slightly different from GPX1 [23]. We
inferred that any presence of GPX2 in tissues would be obscured by co-expression with
the ubiquitous GPX1. The human GPX2 gene has not acquired mutations likely to impair
function and the common polymorphisms do not seem to have the reputed impact of
pro→ leu 198 (now 200) of GPX1 in cancer, which while found in the GPX2 gene is rare
(4.3%, heterozygotes only) [24–28]. This leaves perceived changes in expression levels from
normal to cancer or with cancer stages as the main factor in bringing GPX2 to the attention
of many investigators [21].

Schwarz et al. reported that recombinant GPX2, expressed in bacteria, had 10-fold less
activity than GPX1 and extended our findings on substrates, showing a nearly identical
substrate range for a large spectrum of ROOH species [29]. We would presently dispute the
low value reported by Schwarz et al. based on our estimate that the specific activity was
3-fold lower [30]. As indicated in an analysis presented in a section below, using the 10-
fold-lower specific activity difference is as adequate a fit to cell line expression levels from
the DepMap project (https://depmap.org/ (accessed on 1 July 2023)) as the 3-fold-lower
estimate. The coupled assay used by us and Schwarz et al. is limited by the apparent Km
for GSH and not by the peroxide substrate, which is in vast excess (>50 µM) [11]. The case
for possible lower specific activity of GPX2 is the substitution of Arg 185 (Bovine GPX1 AA
reference) with threonine and Lys 91 (Lys 91B-other subunit) with Gln possibly affecting
GSH binding [31,32]. This property of GPX2 is unlikely to impact its performance, in vivo,
relative to GPX1 as GSH levels in cells should suffice to keep GPX2 fully reduced [33]. The
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forward rection between Se-cysteine and ROOH is diffusion limited and unlikely to vary
between GPX1 and GPX2. In cells at the normal physiological GSH concentration range
(1–5 mM), ROOH concentrations are limiting (<0.1 µM) [11,22].

A second update to the GPX2 story is the identification of a possible protein–protein
interaction between GPX2 and PCBP2, which is proposed to stabilize GPX2. This is the first
such interaction reported [34].

1.3. GPX2 Is Unlikely to Be Unique in Its Action

We will be commenting about papers where GPX2 levels were manipulated for ex-
perimental purposes. As the presumed effectors of any biochemical action of GPX2 are
ROOH, the manipulation of PRDX1-6 might achieve the same goal. All indications are that
GPX1 and GPX2 should be largely interchangeable in such experiments and one recent
paper demonstrated this [34]. An examination of the literature shows studies where cellular
resistance in MCF-7 and prostate tumor-derived cell lines to H2O2, ROOH and doxorubicin
was impacted by GPX1, PRDXs 1-6 and CAT [35–40]. Prostate-derived cell lines exposed
to H2O2 and tert-butyl hydroperoxide showed reduced viability after si-RNA silencing
of PRDX1, PRDX2 or PRDX3, but not PRDX4, as part of a single study. Suppressing
GSH-dependent pathways by lowering GSH levels with BSO produced a similar increase
in susceptibility to H2O2 and tert-butyl hydroperoxide [40]. Similarly, in the azoxymethane-
DSS rodent model of colon cancer, five studies showed GPX1 (+CAT), PRDX1 (silencing),
PRDX2, PRDX4 and PRDX6 gene knockouts (KOs) had fewer tumors, an effect ascribed to
increased expression of regulatory T cells (where GPX2 is not expressed) and suppressed
inflammatory responses [41]. The idea of access to common ROOH pools with observed
shared outcomes after manipulation of expression levels can be inferred from additional
sets of studies involving cell lines, animals and data from human subjects [42–53]. The key
factors would be relative protein levels as the peroxide rate constants are comparable [54].
Alternative actions for GPX2 might include preventing PRDX inactivation (possible at
low levels of expression), the mRNA acting as bait for non-coding RNA species, direct
protein–protein interactions, or an impact on expression of other proteins by still unknown
mechanisms (p53 and MMP-9, suggested as targets in reference [55]) [21,34,55–59].

1.4. Compartments and Conditions for Major Impact by GPX2

In our 2022 review, we examined reports on basal cells (including stem cells or prolifer-
ative compartments) where GPX2 protein abundance might rival that of other antioxidant
enzymes [21,60]. We suggest, since GPX2 expression is occurring as part of packages (e.g.,
stem cells, Paneth cells, cholangiocytes, certain cancers) with different compositions of
co-expressed genes and down-stream ROOH sensitive protein targets, GPX2 might appear
unique in its impact even in the presence of GPX1 and PRDXs. We find it doubtful that
GPX2 would have any unique functions in normal or cancerous cells simply based on one
of the first major observations made about Gpx2-, this being that to induce ileocolitis in
mice with high penetrance, Gpx1 had to be knocked out as well [61–63]. That PRDXs and
catalase failed to offer protection in this case seems to be due to a major shift in relative
antioxidant enzyme expression in basal cell compartments in favor of GPX2 as opposed
to PRDXs [60]. In most papers dealing with antioxidant enzymes and tumorigenesis, the
full context of antioxidant enzyme expression fails to be explored leading to the blind men
and the elephant situation where multiple papers implicitly suggest that one antioxidant
enzyme or another is the key factor in similar states of cellular stress [21].

2. Application of Public Database Information in Studies of GPX2
2.1. Pre-Study Evaluation of Antioxidant Enzymes in Normal Tissues, Cancers, and
Cancer-Derived Cell Lines

Almost everyone has been made aware of the many publicly accessible databases
where expression levels of genes are compiled for normal tissues, cancers, and cancer-
derived cell lines (some examples-THPA, TCGA (https://www.cancer.gov/ccg/research/
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genome-sequencing/tcga (accessed on 1 July 2023)), TIMER 2.0 (http://timer.cistrome.org/
(accessed on 1 July 2023)), GEPIA (http://gepia.cancer-pku.cn/ (accessed on 1 July 2023)),
Cancer dependency map project (https://depmap.org/portal/ (accessed on 1 July 2023))
and the CCLE (https://sites.broadinstitute.org/ccle (accessed on 1 July 2023)). With
limitations that will be noted, these sites can be used to compile expression profiles for
antioxidant genes without the tedium of in-lab profiling with some uncertainty which
might be resolved with IHC or tumor purity analysis [64]. The goal is to create a crude,
yet effective consensus profile of antioxidant enzyme gene expression as relative TPM
that can address the following question: can GPX2 contribute in a substantial way to
ROOH metabolism by virtue of significant levels of expression in specific normal tissues
and cancers?

To have perspective for the remainder of the discussion, we note that total antioxidant
enzyme gene TPM (GPX1, GPX2, PRDX1-6 and CAT) in GEPIA ranges from 1000 to 3000
TPM (also TIMER 2.0; mean total TPM 2095 ± 565 std). The totals differ from site to
site. THPA/TCGA has a lesser total based on using FPKM, ranging from 598 to 2000
(rough conversion factor of FPKM × 2 = ~TPM); however, the relative values tend to
remain constant. The choice of GEPIA/TIMER 2.0 is due to the agreement between the
sites for tumor values and DepMap for cell lines, all in TPM. Our portrayals of tumor
expression are based on the raw median TPM values with no accounting for proportions
of tumor vs. non-tumor in samples. We note that in examining the tumor purity data
set from TCGA (https://gdc.cancer.gov/about-data/publications/pancan-aneuploidy
(accessed on 1 July 2023); https://api.gdc.cancer.gov/data/4f277128-f793-4354-a13d-30cc7
fe9f6b5 (accessed on 1 July 2023)), the range for samples in the first 850 tumors listed was
0.13–1 (mean 0.63 ± 0.20 std). The justification for this unfiltered type of portrayal is that
antioxidant enzymes genes are often highly co-expressed with GPX2 in cancer epithelium,
although GPX1 and PRDX1-6 and CAT are also expressed at lower levels outside the tumor
boundaries. We will generally underestimate the potential contribution of GPX2 to the
tumor total antioxidant enzyme gene TPM. For a consensus tumor-derived cell line profile
from the DepMap project, the total TPM was 2045 using median data. As to defining a
significant TPM count for GPX2, we would arbitrarily set a threshold of 64 TPM (32 FPKM)
as the lower end, generally accounting for 3–6% of total TPM, depending on the cancer or
cell line. We have portrayed the profiles as each antioxidant enzyme gene relative to the
total TPM, rounded to 5% increments (Figure 1E).

2.2. Strengths and Limitations of Available Database Information

We will look at results compiled from the different databases for normal tissues and
cancers in comparison to each other and for tumor-derived cell lines in comparison with
tumors and RT-PCR and activity results from publications. This information will be used to
evaluate the limitations of the databases as sources of information for a first approximation
of antioxidant enzyme contributions to ROOH metabolism.

Figure 1 illustrates the limited tissue expression range of GPX2 versus GPX1 and
PRDX1 (median TPM metric; TCGA datasets from THPA), generally confirming early
impressions from Northern analysis that GPX2 expression is quite limited [23].

Note that for normal tissues, there is some disagreement over the median TPM/FPKM
metrics among the available database sites (Figure 2). GEPIA values for colon and rectum
are exceptionally low, while the TCGA level for liver is high. Finally, TIMER2.0 has a
much higher value for pancreas than the other two sites. Correlations yield an R-square
value of 0.35 for GEPIA vs. TCGA, 0.47 for TCGA vs. TIMER 2.0 and an abysmal 0.067
for TIMER 2.0 vs. GEPIA in the correlations of the 12 solid tissues sources of the most
common cancer types based on the NCI cancer statistics page (https://www.cancer.gov/
about-cancer/understanding/statistics (accessed on 1 July 2023)). Both GEPIA and THPA
(TCGA) include many normal colon and rectum samples with nearly zero levels of GPX2.
GEPIA may lump sigmoid colon data (35 TPM; THPA value) with transverse colon data
(258 TPM). For rectum, TIMER2.0 and THPA (TCGA) seem to have only a handful of
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normal samples, while GEPIA shows 349 rectum samples. Variation in sample numbers
and bias in small sample number sets may explain some of the issues, for example, four
pancreas samples in TIMER2.0. As to how samples can have very low values, we note
that for normal bladder and colon, one IHC sample each in THPA barely contains any
epithelium and the range of potentially GPX2 expressing glandular cells in the small set of
examples of normal colon histology (H&E) displayed in THPA is 5–65%. The agreement of
the sites for median TPM/FPKM for the 12 most common solid cancers is excellent, with a
uniform R-square value of 0.99 among the comparisons (Figure 3A–C).
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Figure 1. Limited GPX2 expression across normal tissues compared to GPX1 and PRDX1. Panels
(A–C) TCGA data set extracted from THPA and organized by highest to lowest expression levels.
Panel (D) shows the correlation of normal tissue expression levels and derived cancers as log2 TPM
of the median expression levels. Panel (E) shows the relative antioxidant enzyme gene expression
levels (GPX2, GPX1, PRDX1-6 and CAT) compared to total median TPM for normal thyroid and
cancer (THCA) and normal colon and cancer (COAD). These have not been adjusted for proportion
of GPX2 expressing cells.
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GPX2 expression has enormous variation in tumors when compared to the other
antioxidant enzyme genes. For the latter, the standard range of TPM/FPKM values is
2–16-fold (occasionally 32-fold), while for GPX2, the range is 2–4000-fold (Figure 4).

This means that for many cancer types, low median values do not preclude a fair
number of high-expressing tumors and vice versa. Based on variation in tumor purity
being limited to 8-fold across samples, it seems likely that there is genuine variation in
cellular GPX2 expression levels among tumors within each group. There is some correlation
between the median GPX2 levels in normal tissues (log2 TPM) and the resulting cancers
(R-square, 0.74; Figure 1D). This largely reflects limitations in the possibility GPX2 can be
highly expressed for tumors from tissues like brain (glioma), thyroid (see profile; Figure 1E),
kidney, and thymus as opposed to colon (profiled in Figure 1E). Lung/lung squamous cell
carcinoma (Lung: LUSC; Figure 1D) is a notable exception. This constraint generally applies
to tumor-derived cell lines from low-expressing tissues; glioblastoma/Brain/CNS with one
line = 22 TPM, most < 2TPM; kidney with one line at 155 TPM, the remaining 31 < 1 TPM;
lymphoid and myeloid lines < 2 TPM; thyroid < 2 TPM (Figure 4A; DepMap). Also, a
common trope for cancer studies is the comparison of normal to cancer expression levels.
This presents two problems with GPX2. First, there are a few cancer types where the median
expression level is approximately the same as the normal tissue level. Yet, the range of
expression levels is so large in the tumor sets that it makes sense to pursue a role for GPX2 in
tumorigenesis based on the division of low vs. high expression (Figure 4A). Second, the idea
of the normal tissue levels as comparable to tumor levels is precluded by the limited range
of localization of GPX2 in many normal tissues and the issue of which cells are the origin
of the tumors. This may be seen in the liver where there are non-expressing hepatocytes
and moderately expressing cholangiocytes (THPA; IHC: higher expression in bile duct
and gall bladder). Derived tumors are found from both origins spanning the range from
no expression to over 500 TPM (sizable level of TPM as a percentage of total antioxidant
enzyme TPM) representing no change to huge up-regulation in hepatocarcinoma and lower
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expression, no changes or up-regulation in cholangiocarcinoma (insert, Figure 4A). The
problem is more likely to be an issue in the cases of breast, lung, and prostate cancer, where
GPX2 expression is normally more confined, and the source of the tumor cells may be
obscure. In most tissues, GPX2 is confined to sub-tissue sites, commonly the epithelium
of the tissues (urinary bladder, Figure 5) with further restriction to the base of the crypts
and glands of the small intestine and colon epithelium, basal cells in breast, lung and
prostate [21].
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Figure 4. Panels (A–C) show expression of GPX2 (A), GPX1 (B) and PRDX1 (C) in samples of normal
and derived tumors as log2 TPM. Figure retrieved from TIMER2.0. Arrow in panel (A) highlights
the discrepant high normal pancreas levels specific to TIMER2.0. Panels (D–F) are expression level
vs. effect plots generated for tumor-derived cell lines using data available at DepMap; GPX2 (D),
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Colon presents an interesting example of the problem of comparing normal to tumor.
LGR5 and/or ASCL2 co-expressing cells at the gland base of the colon are the source of
75–85% of colon tumors [65]. This is also the site of GPX2 expression based on IHC [21,65].
From the available IHC, we would very roughly estimate the range of the high-expression
zone of GPX2 to be 5–10% of the total tissue by volume with a very limited variation,
while in tumors the range would be 13% at the low end with a median value of 62%.
Normal colon has a median GPX2 TPM of 422 × (10–20) = 4022–8044, extrapolated to
a purity of 1 (excluding the GEPIA estimate). Cancerous colon has a median value of
958 × 1.6 = 1533 TPM, suggesting no up-regulation from normal to cancer, even including
values of 2900–4000 TPM at the highest range of expression, which we would expect to
represent tumor purity values closer to 1. However, we have the outlier GEPIA value for
normal colon, whereby the extrapolated values would be 250–500 TPM, suggesting that
up-regulation would be occurring in a large fraction of colon cancers. In any event, the
likelihood that GPX2 expressing colon cancer occupies 6 to 12 times more tissue volume
than in the normal case does require consideration in estimates of up-regulation. This
ignores the 15–25% of tumors originating outside of the LGR5 and ASCL2 expression zone,
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for which up-regulation of GPX2 expression might be occurring. This division of colon
cancer sources has not been addressed in GPX2 studies.
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Figure 5. Examples of the expression sites of antioxidant enzyme proteins using IHC in normal
bladder. Images taken from THPA. The figure illustrates epithelium as the locale of high expression
for the enzymes and shows that while GPX2 is limited to this site, the other enzymes show low-level
expression outside of the epithelium. Brown indicates GPX2 localization, hematoxylin for tissue.

2.3. Building Antioxidant Enzyme Expression Profiles for Tissues and Derived Tumors

Some of the points raised above pertain to the issue of compiling expression of all the
antioxidant enzyme gene expression levels to build profiles so that GPX2′s contribution
to ROOH metabolism can be assessed. Assessments in some normal tissues and tumors
can be made, since IHC suggests similar sub-tissue localization for high-expression sites
across the enzymes as illustrated in bladder for normal tissue and colon for tumor tissues
(Figures 5–8). We must emphasize the value of examining the publicly available IHC for
antioxidant enzymes when studying their role in cancer.
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Figure 6. Images of normal colon, illustrating IHC for the antioxidant enzymes. The enzymes tend to
share high expression in the epithelium (better images of normal colon for GPX2 IHC can be found in
references in [21]). However, GPX1 and the PRDX expression spills out into the submucosa. IHC did
not detect CAT. See Figure 5 for image colors and interpretation.
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Figure 7. The localization of the GPX2 sites of high expression by IHC tend to be preserved in
COAD as in colon (source: THPA). The one example of non-expression (ND) looks to be a badly
prepared sample. The remaining examples reflect the high median TPM, and lesser variation shown
in Figure 4A for COAD. This set shows a little less range in tumor proportion than some other cancers
with variation found in the general intensity from sample to sample and variation within the sample
fields. See Figure 5 for image colors and interpretation.
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Figure 8. Samples of GPX1 and PRDX expression sites in COAD (source: THPA). These images
were selected to highlight the tendency for high-expression sites to mimic that of GPX2, while
again sometimes straying outside of the epithelium-like compartment (arrow). See Figure 5 for
interpretation.

2.3.1. Tissues with Clearer Zones of GPX2 Expression and High Expression Levels

Epithelial compartments of bladder, colon and stomach are a common site of high ex-
pression among the antioxidant enzyme set, although GPX1 and the PRDXs are expressed
outside of epithelial cells compartments so that some adjustments need to be made to
rectify estimates for GPX2 as a fraction of the total. For tumors from the bladder and
stomach, high expression of most of the antioxidant enzymes occurs in the epithelium,
and a similar adjustment could be made in the compiled profiles to account for expression
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outside of the epithelial compartments based on available IHC at THPA, for example.
Adjustments for normal colon and liver would be more difficult given the restricted range
of GPX2 expression within the tissues, while the other enzymes show more even expres-
sion throughout the epithelium of colon and in hepatocytes (THPA) [63]. In the cancer
tissues, antioxidant enzyme gene profiles would have more value with the somewhat more
consistent expression of GPX2 throughout the samples.

2.3.2. Tissues with Low and Less Certain Range of GPX2 Expression

Breast, lung and prostate present difficult instances where GPX2 (and GPX2 protein)
can barely be detected, or there are discrepancies for the site of expression between publica-
tion and database IHC [60,66,67]. Some of this originates based on choices of antibodies
in THPA. On occasion, results from 2 or 3 different antibodies are shown side by side
with marked differences in ability to detect GPX2. Despite the lack of clear localization
of GPX2 in breast via IHC (THPA), one paper used cell fractionation of luminal and basal
compartments to localize GPX2 in the basal compartment (median tissue TPM < 16) [60].
It is possible to use the data in that paper to build the antioxidant enzyme profile for the
breast basal and luminal compartments as protein abundance [21,60]. This exercise reveals
GPX2 to be highly represented relative to GPX1 and PRDXs in the basal compartment (see
graphic abstract in ref. [21]; left-hand panel based on the data from reference [60]). For
prostate, IHC at THPA does not detect GPX2 (same antibody used for breast samples and
lung cancer; see below). However, one publication seems to show uniformly strong GPX2
staining in the basal cell compartment, which is more consistent with the median tissue
TPM of ~32 [66]. Unlike breast tissues, we have no alternative resource to aid in building
profiles of the antioxidant genes or protein levels [60]. However, use of THPA IHC images
greatly assists as in the example of bladder shown in Figure 5. Generally, the antioxidant
enzymes are highly co-expressed in the glandular compartment, which includes the basal
cells. There is some expression outside of the glandular cells for which some adjustment
must be made. This still leaves the issue of which cells express GPX2 in normal prostate
with NKX3-1 positive cells embedded in the glandular compartment being candidates [68].
This marker does not seem to predict GPX2 expression in prostate tumors (THPA). TP63
expression seems to be a closer match to normal vs. tumor expression for both breast and
prostate with levels tending to decline from normal to tumor [60,69]. In prostate and breast,
the net impact in cancer appears to be down-regulation of GPX2 median expression to
6 TPM or less. There are breast tumor samples with expression levels up to and more
than 256 TPM and rarer prostate samples with values up to 64 TPM. Adjustments for
tumor purity would probably place a few more samples from both sets in the significant
expression range. However, the likelihood of marginal expression levels requires more
refined investigation for the tumors from these tissues covering very low levels of expres-
sion and addressing the question of the sources of the tumors. In the breast, basal cells
may be responsible for only 15–25% of all tumors, although they are aggressive [70]. It
is not clear that all basal-cell like breast cancers derive from the stem cell population. If
so, it appears that such cells must lose GPX2 expression as the cancer progresses as they
also lose TP63 expression [71]. Among breast cancer-derived cell lines, it is in the TP63
minus (ER+/−; PGR-; HER2+/−) set that GPX2 expression is highest, although there is
a slight positive trend for a small set of the lines (DepMap). Prostate cancer-derived cell
lines show a stronger association between TP63 levels and GPX2 expression (DepMap). It
should be possible to build somewhat meaningful antioxidant enzyme gene profiles for
breast and prostate tumors due to more uniform GPX2 expression across the tumor tissue
(IHC, THPA).

Normal lung presents one more case where the antibody used in THPA did not detect
GPX2. After induction via the stress of allergic inflammation in mice, which induced Gpx2
levels 12-fold, GPX2 protein (IHC) was detected in the basal cells of lung, but not before
(median human lung tissue TPM < 4) [67]. In one study of non-small cell lung cancer
(NSCLC; LUAD and LUSC), the authors noted that GPX2 was detected by IHC in only
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14 of 252 normal samples and in those only “sporadically in bronchiolar epithelial cells“,
consistent with the THPA results [72]. Like prostate, we lack the tissue fractionation data
available for breast and would have a difficult time constructing a reliable antioxidant
enzyme profile for normal tissue. In fact, lung appears to be the most difficult case due
to the presence of high abundances of antioxidant enzyme expressing macrophages (no
GPX2 expression) and the presence of a mixed population of alveolar cells with variable
expression profiles (IHC, THPA). For lung cancers, the IHC at THPA does show signif-
icant staining for both LUAD and LUSC samples (the same antibody described above).
There is a huge ambiguity in assessing GPX2 in NSCLC. There is one instance where the
GPX2 expression is highly likely to be consistently increased at the cellular level in cancer.
This would be lung squamous cell carcinoma (LUSC 128-fold; normal median expression
2.8 TPM vs. tumor 362 TPM) (Figure 1D). Lung presents an interesting instance where
the decision to pair normal to tumor samples may have led to a correct inference about
generally elevated GPX2 levels in lung squamous cell carcinoma tumors (two exceptions
in paired sets; see Figure 1F and Figure 4A in [72]) [72]. The parallel inference for lung
adenocarcinoma (LUAD) is a little less sound with a fair fraction of the pairs showing
lower levels in the tumors (their Figure 1E; two-fold-higher median expression level in
tumors vs. normal). On the one hand, we note that the gap between the highest expressing
normal lung sample in TIMER 2.0 and highest expressing LUAD samples is in the range
of 32- to 64-fold, and that in mouse lung GPX2 could not be detected without stress to
the lung tissues [67]. On the other hand, the median GPX2 expression level in the LUAD
group is less than 16 TPM, which is below the upper range of normal samples. This is
generally unlikely to yield significant expression even accounting for low tumor purity
(see Section 2.7). In squamous cell carcinomas, the median GPX2 expression level is nearly
equal to GPX1. Accounting for GPX1 and PRDX1-6 expression outside of the tumors, GPX2
would appear be a significant part of ROOH metabolism in LUSC, while in LUAD, it is
unclear. The difference in the adenocarcinoma and squamous cell carcinoma outcomes
may relate to different cell types producing the tumors [73]. Here again, one of the points
in the apparent elevation of expression in tumors is the spread of expressing tumor cells
into regions of the lung barely expressing GPX2.

2.3.3. Esophagus Has Moderate Normal Levels GPX2 Expression Levels

Esophagus tissue has a median expression level of 100 TPM. As in normal breast,
lung and prostate, the sites of expression are quite confined, although GPX2 was just
detectable with a working antibody [74]. Cancer samples generally showed greater staining
intensity than distantly sampled normal tissue, although not proximally sampled tissue.
The staining intensity in IHC agrees with the cancer TPM data showing an extreme range
of expression is possible with a high median value of 500 TPM and detectable staining in all
but a few samples. Building a profile for normal appears to be like that for bladder, breast
and prostate, with high antioxidant enzyme expression confined here to the squamous
epithelium in which the GPX2 expressing cells are imbedded (IHC, THPA). Building a
useful cancer profile seems feasible for esophageal cancer.

2.4. Selenium as a Variable in Cancer Studies and Use of Cell Lines

If subjects of cancer studies are from the USA, Canada and portions of Central and
South America the Se status will be rated as sufficient as is also the case for India and some
portions of Europe [75]. However, parts of Europe and Asia might have subjects with low
Se status (1 in 7 worldwide) [76]. GPX1 mRNA is subject to nonsense-mediated decay when
Se levels are low [77]. The issue does involve both GPX1 and GPX2 protein and activity
levels. This is more problematic for GPX2, since the mRNA levels are presumably less
likely to be diminished by low Se levels while the protein and activity would be impacted,
creating additional discrepancies between the TPM metric and the likely contribution of
GPX2 to ROOH metabolism [77–79]. To partially address this latter point, we also supply
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GPX1 expression levels as a more direct basis of comparison of GPX2 contribution to ROOH
metabolism for cell lines we have used or are reported on in GPX2 papers (Table 1).

Table 1. GPX2 and GPX1 TPM and fraction total antioxidant gene TPM for cell lines.

Cancer THPA DepMap Cancer THPA DepMap

Cell
Line

GPX2
TPM

GPX2
TPM

GPX2
Frac. GPX1 GPX1

Frac.
Cell
Line

GPX2
TPM

GPX2
TPM

GPX2
Frac. GPX1 GPX1

Frac.

bladder bcb3 1543 1330 0.24 218 0.039 lung
vmcb1 68 83 0.039 181 0.084 a549 767 656 0.15 100 0.02
kmbc2 677 782 0.29 156 0.058 ncih1385 1385 1236 0.45 55 0.02
umuc5 29 0.014 99 0.048 ncih1573 888 1053 0.2 89 0.017
umuc14 782 0.29 347 0.115 ncih358 3.1 4.37 0.002 299 0.13

sw1573 1.4 1.73 0.0007 331 0.15
breast skbr3 32 16.6 0.006 0.64 0.00012 ncih2291 0.6 1 0.00004 872 0.34

mcf7 4.5 0.97 0.00036 0.57 0.0002 ncih1792 0.1 0.36 0.0001 255 0.075
hs578t 0.2 2.5 0.008 217 0.086 ncih23 0.2 0.25 0.00002 0.86 0.0006
zr75-1 3.4 4.44 0.0006 8.23 0.0016 ncih520 359 390 0.055 62 0.009

mdamb175 703 1125 0.3 0.65 0.0002 ncih460 0.5 0.75 0.0004 256 0.14
du4475 320 363 0.11 342 0.117 pc9 309 0.094 349 0.14

mdamb231 0.9 1.6 0.0003 381 0.132 prostate
mdamb157 0.6 0.75 0.00025 250 0.104 Du145 7.3 0.003 167 0.07
mdamd134 5.1 4.93 0.0036 216 0.154 lncap 0.5 0.00015 441 0.12

22rve 0.5 0.0002 138 0.06
cervix me-180 224 0.081 245 0.088 stomach

hela 0.09 0.4 0.00002 224 0.065 hutu80 0 0 0 1 0.0006
nugc4 1801 1314 0.47 91 0.03

colon caco2 99.5 183 0.032 137 0.045 mkn74 10 1.65 0.001 243 0.05
ht29 1105 917 0.31 147 0.05 mkn1 1.65 2.85 0.0016 258 0.14

snuc1 1473 1384 0.36 3.3 0.0008 nugc3 1.8 1.85 0.0009 251 0.12
skco1 1966 1479 0.35 326 0.077 ags 91 145 0.055 255 0.1

hcg27 0.2 0.5 0.0002 129 0.06
esoph fadu 228 196 0.066 201 0.058 mkn45 560 546 0.2 206 0.075

liver hepg2 750 485 0.17 177 0.61
hep3b 3.1 3.1 0.0014 248 0.115
huh7 5.6 7.5 0.0027 238 0.086

plc/prf56 78.5 63 0.024 136 0.052

Current papers using cell lines to study GPXs employ the standard 10% FBS/FCS (fetal
calf serum/fetal bovine serum) formulation and do not supplement media with Se. We
will reference the use of DepMap and THPA as sources of cell line expression level data on
GPXs where generally no Se supplementation was used with 10% serum. A paper by Touat-
Hamici et al. comes closest to addressing the disparities between mRNA levels, protein
levels and activity for GPXs between the use of 10% FCS without Se (15 nM; mean level for
the list of FCS/FBS vendors in [80]) and with supplementation to the near optimal level of
45 nM [79]. GPX activity was depressed two-fold by the lower Se condition in two lines
expressing high levels of GPX2, while GPX activity was depressed four-fold in two lines
with GPX1 and no GPX2. The TPM values for individual cell lines can only be suggestions
for the potential of GPX expression because of this practice. The lack of Se supplementation
also means that some results may not be reproducible by others or even the same group
due to variation in Se levels in different batches of serum [80]. We found that using TPM
for the cell lines used in many papers GPX2 expression levels constitute 6%–20% of total
antioxidant gene TPM with one exceptional line at 47% (Table 1). The manipulation of
expression levels around these values via silencing (si-RNA, sh-RNA), and overexpression
produced significant effects in cell line behavior and resistance to stresses. This implies that
6% of total antioxidant enzyme gene TPM translates into abundant enough GPX2 activity
to impact total antioxidant enzyme activity on ROOH. This is one reason we set our GPX2
TPM significance threshold to 64 (3–6% total TPM). It seems probable that such claims
are made for lesser expression levels involving overexpression of GPX2 in cell lines with
very low basal GPX2 expression levels. The uncertainty has to do with incomplete data
presentation and discrepancies in expression levels among different sources of information



BioMedInformatics 2023, 3 997

generally for THPA/DepMap vs. published data with some among the published sources.
A lack of Se supplementation reducing the impact of GPXs causes us to have a skeptical
attitude for universally accepting claims using cell lines [21,77–80].

2.5. Building Antioxidant Enzyme Expression Profiles in Tumor-Derived Cell Lines

One more source of information to be mined for building profiles of antioxidant gene
expression is cancer-derived cell lines (DepMap and THPA). The expression level metric is
based on reads converted to TPM, like the reported values for tumors and normal tissues
(Figures 4, 9 and 10).
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Figure 10. A continuation of Figure 4 showing the expression of PRDX5 (A), PRDX6 (B) and CAT (C).
Panel (D) shows the antioxidant enzyme gene expression profile for a consensus tumor-derived cell line,
summing up the median TPM values for each enzyme from the values shown in Figures 4, 9 and 10.

This produces a similar outcome with GPX2 expression values ranging over 2900-fold
for the collection of 1400+ cell lines (July 2023—updated semi-annually) and 2900-fold
within the stomach cancer set. It is common for individual sets representing different
cancer types to span 500–1500-fold (Figure 11). The range is not unique to GPX2. GPX1
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and PRDX2 have a small population of low-expressing cell lines. The general range of
expression for PRDXs and catalase is 16–32-fold (Figures 4, 9 and 10).
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Figure 11. Tumor-derived cell line variation in GPX2 expression divided up by origin of tumors.
KI = kidney, LU = lung, OV = ovary; LYM includes thymus and lymphoid-derived lines. Some
categories are combined in DepMap as indicated. Variation in expression is illustrated for five lines
derived from BLCA. The current record holder for high GPX2 expression is OCUM1, in terms of raw
TPM and percentage of total TPM.

The data set is best regarded as a snapshot, since only one value is reported for any
cell line and there is no tangible way to estimate the 95% confidence interval. We had to
fill in some cell line profile data from THPA. In comparing GPX2 TPM data sets between
DepMap and THPA, we found a correlation with an R-square value of 0.94 for 41 cell lines
that have been used in publications, although the residuals in the upper range tend to get
quite large, providing some sense of the uncertainty in TPM data (Figure 12).
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This adds a means of obtaining more accurate TPM estimates, averaging DepMap and
THPA values, with the slight problem that THPA and DepMap do not overlap for all cell
lines (Table 1). DepMap has dependency scores as log2 fold-change (Log2FC), showing
which genes are essential for cell growth and viability (Figures 4, 9 and 10) [10].

Within sets of cell lines, we can have some confidence that the median should be a
reliable indication of the expression level for the collection. We can play with this idea to
compare the outcome of compiling antioxidant gene expression levels with an estimate of
relative ROOH consumption based on protein abundance for a “typical” cell and relative
ROOH rate constants presented by Christine Winterbourn [54]. In Winterbourn’s estimate,
PRDXs would account for 95–97% of ROOH consumption, while GPXs would account
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for last 3–5%. When we select the median expression value for GPXs, PRDXs and CAT
and compile a “typical” cancer-derived cell line profile, PRDXs account for 91–92% of the
total antioxidant enzyme gene TPM, and SeGPXs account for 8–9% (arrows in Figures 4,
9 and 10, indicating the median log2 TPM converted to TPM). As a first approximation,
the relative TPM seems to agree with Winterbourn’s estimates (Figure 10D). Both are
largely based on culture media with 10% serum and no Se [81,82]. Given that PRDX and
CAT expression levels would not be impacted by Se status in culture, we can build total
antioxidant enzyme gene expression profiles that still show a fair number of cell lines where
GPX2 could be contributing substantially to ROOH metabolism (Figure 11; up to 68% of
the total TPM; OCUM1 gastric cancer cell line). We illustrate a set of examples of profiling
for bladder cancer-derived lines showing the range of GPX2 expression as a percentage of
total antioxidant enzyme gene expression (Figure 11; compare to BLCA). We must remain
aware that GPX1 mRNA might be underrepresented in many cell lines due to the use of
10% serum without Se supplementation, and although GPX2 mRNA is supposed to be
resistant, we have one example where this may not be true [79].

A second evaluation of the GPX1 and GPX2 expression levels can be made for in-
dividual cell lines or small collections of lines by comparison with results from publica-
tions [72,83–88]. We looked at mRNA profiles and GPX activity for a modest-sized set
of breast cancer-derived cell lines and a few other lines from other cancer types, most
expressing only GPX1, a few co-expressing GPX1 and GPX2 and one with only GPX2
(MDAMB175), this from our early work [85,86]. The mRNA profiles (Northern blots) from
our studies and a study by Al-Taie OH et al. (HCT116, CaCo2, HCT15 and LoVo cell lines)
coincided with the results gleaned from DepMap [3,83,85]. While we supplemented our
culture media with Se, it may be instructive to see how much the GPX activity levels can be
predicted from the DepMap data set (Figure 13).
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Figure 13. GPX activity data in cell lines from [83,85] vs. GPX1 and GPX2 expression data from
DepMap. The activity data is from cell line culture with Se supplementation. Two simulations are
shown for the combining of GPX1 and GPX2 TPM for comparison to the activity data. One follows
our estimate that GPX2 has 1/3 the activity of GPX1 in the coupled assay (panel (A)) and the second
with GPX2 having 1/10th activity (panel (B)). A similar fit is achieved for both if MDAMB175 is
tossed from the GPX2 ÷ 3 set (Blue line). With it included, the GPX2 ÷ 10 set looks better. ND = not
done. Red font denotes a GPX2 only expressing cell line. The red line in panel A shows the trend line
omitting this GPX2 expressing only line from the correlation.

This also serves to relate DepMap TPM to GPX activity levels (or at least the potential
for GPX activity) in the case where Se levels were near optimal and could represent values
in patient samples (USA subjects) [83,85]. For example, levels up to ~10 TPM (ZR75-1) yield
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very low GPX activity, while values for MDAMB157 (250 TPM) predict GPX activity near
that of human breast samples [83,85]. The R-square value of the correlation of GPX activity
to the TPM values for the lines was ~0.9, an exception made for the MDAMB175 cell line
(Figure 13; observe two simulations of the data, one with GPX2 TPM ÷3 and the second
with GPX2 TPM ÷ 10 in accordance with the two estimates of GPX2-specific activity). In
DepMap, it is subline vii of MDAMB175 that is used. We were unaware of sublines for
MDAMB175. We agree with DepMap that MDAMB175 can express prominent levels of
GPX2 and almost no GPX1. As detailed by Esworthy, Baker and Chu, there were problems
growing MDAMB175 in a standard media formulation, under which GPX2 was detected
as an activity, as a protein by Se-75 labeling on SDS-PAGE and as an mRNA on Northern
blots. Altering the culture media based on conditions for growing another problematic
cell line, DU4475, improved growth while eliminating GPX2 expression [83]. The range of
expression from DepMap for GPX1 was about 800-fold, while the range of GPX activity in
the sets was 100-fold. We had a panel of NSCLC cell line mRNA that we probed for GPX1
and GPX2. In agreement with DepMap, we identified two lines (NCIH841 and NCIH1229)
as having neither GPX1 nor GPX2 expression (Table in Figure 13) [83]. The DepMap values
for the cell line, HeLa, also seem to agree with reports in the literature, having almost
no GPX2 expression and mid-level GPX1 expression [60,88,89]. Another issue found in a
recent paper was the representation of a cell line called LNCaP as having high GPX2 levels
via Western blotting [90], while three other papers counter this by showing LNCaP to have
very low levels of GPX2 (Western and Northerns); consulting DepMap and THPA also
quickly settles this issue [4,66,79].

Four papers report on GPX2 mRNA levels based on RT-PCR in small sets of cells
lines from specific cancer types [72,84,86,87]. The cell lines are cultured in media without
Se supplementation. Two papers are redeemed by using xenografts of the cell lines in
mice where the resulting tumors would be Se sufficient. The results support the in vitro
findings [84,87]. The general result is that in ranking the cell lines for GPX2 expression
levels, the publications and the DepMap results largely agree. The R-square values for
correlations across the studies were 0.65, 0.8, 0.87 and 0.91 (Figure 14).
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Figure 14. Correlation of DepMap GPX2 TPM expression levels for cell lines used in papers and the
RT-PCR results for each. Ref. [86] (panel (A)), 72 (panel (B)), 87 (panel (C)), 84 (panel (D)). Arrows
and labels in panels (A,B) point out discrepancies between two papers for relative values of lines
NCIH358 and A549.

However, the range of values in three publications is only a few folds versus the
general 500 to 1500-fold from the DepMap website. There is one exception where stomach
cancer-derived cells lines had a more similar 4000-fold range for the paper and 1300-fold in
DepMap for the same lines [84]. As to what to trust, we note that two low-expressing lung
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cancer-derived cell lines as evaluated via RT-PCR (NCIH1792 and SW1573) had detectable
GPX2 protein on Western blots, something that would seem impossible based on the low
TPM values in DepMap (0.36 and 1.7 TPM) [86]. This is important since the authors of this
paper used overexpression of GPX2 as a part of the study. The overexpression achieved in
the two low-expressing lines was 8-fold based on Western blots. If we accept the combined
information from RT-PCR and Western blot results presented in the paper, this should get
the GPX2 levels to the range of the high-expressing lines in the set. If we accept the DepMap
results, 8-fold overexpression would do almost nothing (8 × ~1 TPM mean = 8 TPM vs.
980 TPM, mean for the three high-expressing lines). This paper does have an anomalously
high relative value for the NCIH358 cell line vs. DepMap (3 vs. 5; 5 for a high-expressing
cell line in common between two papers (A549), relative expression), whereas in a second
paper, the relative expression levels conform a little closer to DepMap (1.5 vs. 18 for A549;
135-fold in DepMap; 4.8 TPM and 650 TPM) (Figure 14). We are left with the impression
that if the goal is to find lines that span diverse levels of expression, DepMap expression
data might be used to select cells for study. However, investigators might be disappointed
that the span of that range is not replicated by in house RT-PCR and occasionally will find
that the ranking is not quite as expected. As a precaution, we would recommend using sets
of cell lines as opposed to a single model cell line.

We did come across a curious case where a mouse glioma cell line cultured as tumors
in mice was evaluated for gene expression by both RT-PCR and FPKM [91]. The FPKM
metric implied GPX2 expression amounted to ~0.003% of the total antioxidant enzyme
gene profile (0.75/26,000–42,000 total FPKM) across four sets of experimental conditions,
with only small variation (range, 0–4 FPKM; note that a positive signal was reported for
none of the samples in one set, one of three samples in two sets, and two of three samples
in the last set). When evaluated via RT-PCR, two experimental conditions showed 4-fold-
and 200-fold-higher levels than the control (1 FPKM) against lower FPKM expression in
one set (0.66 FPKM) and a slight increase in the last (1.25 FPKM). This was not peculiar
to GPX2. Several other genes displayed a similar bias in the same conditions when using
RT-PCR versus FPKM. The low GPX2 FPKM expression in the mouse glioma cell line is
consistent with levels reported in human gliomas and derived cell lines by all the databases
examined [92]. This represents one more instance of the inherent differences between the
outcome of the TPM/FPKM methodology and routine RT-PCR.

In our 30 years review, we also noted problems with RT-PCR, the main point being
confusion between detection of GPX2 mRNA and significant levels of expression [21].
There are problems dealing with very low levels of expression. In one paper, we have two
presentations of RT-PCR results using the same samples to demonstrate different points. In
one case, the difference between the two sample sets is about 50,000-fold. In the next figure,
the difference is closer to 500-fold [93]. We presume the problem derives from the low-end
values which were set to the reference value of 1 in each of the figures. We know they are
low since they are only 0.001% of HepG2 levels. Likewise, in a paper also mentioned in our
review, the authors describe GPX2 expression in rat liver as “trace”, although the notation
< 0.02 (ratio to GAPDH) is also supplied [94]. We interpret this to mean that a signal was
found in at least one of the eight available samples, like the FPKM results mentioned for
mouse glioma tumors. If discrepant results can occur within one study, it seems likely that
different investigators will generate different outcomes from RT-PCR of the same samples
as illustrated by the case of NCIH358 and A549, above.

The discussion of LNCaP, the two low GPX2-expressing lung cell lines and HeLa
above leads to another point about methodology and data presentation. Western blots
were used at some point in the papers. Initially, we thought this was a step in the right
direction, showing the protein could be detected. For LNCaP, GPX2 was detected in several
papers (0.69 TPM; DepMap), although in one study, Se supplementation was required
before this was possible. Even with Se supplementation, the GPX2 levels were near the
limit of detection, 2% of HepG2 (485 TPM; DepMap) [79]. In this latter case, we have the
context of LNCaP expression levels against HepG2 and both in the context of the presence
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and absence of Se. The results suggest that Western blotting can have incredible sensitivity
to the presence of GPX2, and this could be abused. In the case of the lung paper, the 8-fold
overexpression is shown via Western blotting [85]. We see it demonstrated against the
parent cell lines and not the high-expressing lung cancer lines. Similarly, knock-down of
GPX2 is demonstrated for two high-expressing lung lines relative only to the parental lines.
This robs us of the full context of how the manipulations alter expression across the full set
of lines.

In the case of Hela, RT-PCR in one study showed 130,000-fold less expression than
ME180, consistent with results from DepMap and THPA (Table 1) [88]. ME180 expresses
high but not extraordinary levels of GPX2 (Table 1; THPA). The following panel in the paper
shows no detectable protein in HeLa by Western blotting compared to ME180. The next
panel shows that the protein was detectable in HeLa in the context of comparing the impact
of GPX2 overexpression, opting not to show this in the full context of HeLa and ME180.
This suggests that researchers can manipulate exposures to suit narratives and somehow the
GPX2 protein is detectable even when mRNA levels are near zero (RT-PCR and DepMap).
That GPX2 could be detected in Hela and LNCaP in any context, Se supplementation or not,
seems amazing. We speculate that there is some sort of background issue here, although
we would have no idea how this arises. Clearly, there is no dishonesty involved. This is
more the fault of reviewers not insisting on seeing a more complete context of the impact of
silencing or overexpression, which deprives the reader. The incongruities among different
methodologies and research outcomes, TPM/FPKM vs. RT-PCR vs. IHC (ref. [92]) vs.
western vs. DCFH-DA, keep accumulating [21,92].

2.6. Tumor Purity Metric for Adjusting Apparent Changes in GPX2 Levels

The next paper up for comment looks across tumor categories where smoking may
be a factor for evidence of a relationship between GPX2 expression levels and immune
infiltration [95]. Dividing oral cavity (OCSCC; HNSC), lung (LUAD and LUSC) and bladder
(BLCA) tumor sets into cold and hot (relative immune cell infiltration levels), they looked
at differentially regulated genes among the sets. GPX2, AKR1C1, AKR1C3, CP4F11 and
CYP4F3 were found to be up-regulated in cold tumors of all four sets, GPX2 most notably.
Up-regulation was tied to NRF2 activation and correlated with TP63 in a panel of 65 HNSC
cell lines as indicated by prior work and reproducible in DepMap [39]. The added feature
of this study was the use of tumor purity estimates to standardize levels of up-regulation
of GPX2 in cold tumors, acknowledging the general lack of GPX2 expression outside
the tumor boundaries and resulting in lower estimates for the fold changes (Figures 6–8;
https://gdc.cancer.gov/about-data/publications/pancan-aneuploidy (accessed on 1 July
2023); https://api.gdc.cancer.gov/data/4f277128-f793-4354-a13d-30cc7fe9f6b5 (accessed
on 1 July 2023)) [64]. The results suggest that at least one-half of the increase in GPX2 levels
was derived from passive passenger effects, while one-half might represent real increases
at the cellular level. The paper addresses the meaning of this residual increase using cell
line studies. The value of this paper is that after adjustment for tumor purity, the perceived
difference in GPX2 levels is put on more solid ground even though the magnitude has
been reduced.

2.7. Kaplan–Meyer Survival Curves Based on High and Low GPX2 Levels (TPM or IHC Criteria)

Kaplan–Meier survival curves are essential for cancer prognosis, primarily focusing
on overall survival and recurrence-free survival. Patient samples are often categorized
into high- and low-GPX2 expression groups based on either raw TPM data or IHC scoring.
While both methods lack the ability to distinguish cell-to-cell variation accurately, providing
intensity and proportion scores should yield more informative results. Both methods are
often used without comparison to normal, a rational choice based on the range of expression
levels among many cancers. The use of the combined intensity and proportion scores for
dividing samples is no worse than using the TPM data as TPM data are completely blind
when distinguishing cell-to-cell variation in levels of expression vs. proportion of the tumor

https://gdc.cancer.gov/about-data/publications/pancan-aneuploidy
https://api.gdc.cancer.gov/data/4f277128-f793-4354-a13d-30cc7fe9f6b5
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cell population in the samples. It falls just short of ideal over the conflation of the IHC
intensity score and proportion of expressing cells. It is more informative to also evaluate
intensity and proportion as lone parameters, looking for a correlation between the two
and using the combination scoring. The reason for this is prognosis based on raw TPM
or combined intensity and proportion scores from IHC may be stating the obvious, that
more advanced cancer in terms of invasion into an organ (proportion) and opportunity
for metastasis is bad (shown in ref. [72]), more so when high GPX2 levels are related
to poor prognosis (the majority finding). GPX2 is merely the messenger of this sad fact
(passenger effect).

One error that is made in a few papers is setting the TPM cut-off too high or low to
make any real sense; this would impact studies using IHC as well. Two studies look at
LUAD prognosis dividing the samples at the median value. In one paper, the prognosis
results are equivocal (p = 0.14) [96]. In the second paper, the outcome is just at the cut-off
for significance, indicating that high expression favors poor prognosis (p = 0.046) [97]. Both
papers’ cut-off of ~8 TPM probably places too many essentially non-expressing tumors in
the high category, based on the negative IHC results for normal tissues presented above and
normal TPM values being at most 16 TPM. The low end for LUAD tumor purity estimates
is 0.2 [64]. However, we will use the 0.13 estimate here. Applying this to 8 TPM establishes
an over estimation of the median value of 61 TPM for a tumor purity of 1. The LUAD
cell line, EKVX, has this level of GPX2, amounting to 1.7% of total antioxidant enzyme
gene TPM (GPX1-157 TPM). In using the survival analysis tool in THPA, the optimum
recommended cut-off is 254 TPM (~127 FPMK). We found that ~128 TPM produced a p
score of 0.013. This roughly divides the LUAD data set within the upper bound of the 3rd
quartile (~162 TPM; 27% of set, high GPX2). The high range also includes many outliers
that extend to 2000 TPM. Applying two estimates for median LUAD tumor purity of 0.4
and 0.6, our cut-off translates to 260–400 TPM at a value of 1. NCIH1648 falls in this range
(350 TPM), showing GPX2 levels to be 10.5% of total antioxidant gene TPM (GPX1-119
TPM). Based on our earlier assessment of potentially significant expression starting from a
low of 6%, a cut-off of 128 raw TPM seems much more reasonable than using the median
value and more likely to have prognostic value.

A third paper, already discussed, looked at both LUAD and LUSC [72]. This study used
IHC criteria to divide the sample, limiting the high category to the upper third of the com-
bined NSCLC samples. The scoring used a four-tier intensity evaluation (no staining = 0,
low = 1, intermediate = 2 or high intensity = 3) multiplied by a proportion score (0 (0%),
1 (1–25%), 2 (26–50%), 3 (51–75%) and 4 (>75%). In addition to not breaking down the
Kaplan–Meyer curves by intensity or proportion scores alone, they used the same high vs.
low division for LUAD and LUSC. Using THPA, we can estimate that the cut-off corre-
sponds to approximately 240 TPM, placing 34% of the NSCLC samples in the high category.
We would argue that LUAD and LUSC should be assessed by different standards given the
large difference in expression values, both by IHC (22 high of 158 samples, LUAD; 64 high
of 94 samples, LUSC) and TPM criteria (LUAD median = 8 TPM; LUSC median = 230 TPM).
The argument is also based on evidence that LUAD and LUSC originate from different cell
types [73]. The combined cut-off is far too high for LUAD (see above) and possibly too low
for LUSC (600 TPM is recommended at THPA). In terms of the IHC criteria in the paper,
this seems to work out to a cut-off at >2 for LUAD and ≥8 for LUSC.

2.8. Matching Cell Lines to Clinical Data Sets to Test Hypotheses about Potential Impact of GPX2
and Mechanism of Action

Once GPX2 TPM levels have been adjusted for tumor purity, it is possible to find cell
lines that match tumor values for the high and low cut-off threshold that would be used for
Kaplan–Meyer analysis. For example, the lung cancer-derived cell line A549 was used in
two recent studies. In one case, the cancers examined included LUSC, which we have seen
has very high GPX2 expression levels, as does A549 [72]. In the second study, the same cell
line is used in a study of LUAD [97]. As indicated, only a fraction of LUAD tumor samples
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have high GPX2 levels even accounting for low tumor purity. The use of this cell line by
itself in the second study is questionable. The use of multiple cell lines with expression
levels around 60–125 TPM would have enhanced the value of the paper by more closely
matching the GPX2 levels in a major proportion of the tumors. DepMap and THPA provide
a means to better match cell lines to the characteristics of the tumors.

2.9. GPX2, Tumor Immune Environment, Metabolomics and Proteomics

More recent work has explored GPX2 in the broader context of cancer immunity
and metabolic effects, leading to greater understanding of the down-stream impact of
GPX2 and how alterations in expression levels are translated into effects such as epithelial–
mesenchymal transition (EMT), enhanced migration, invasion, growth, and angiogenesis.
Some of these studies employ more updated proteomic and metabolomic methods to
advance the field.

2.9.1. Proteomics Merged with mRNA Analyses

Old-school proteomics generally used 1D (SDS-PAGE) and 2D gel electrophoresis
(various 2nd dimensions) followed by staining of proteins with Coomassie brilliant blue
R-250 and later silver stains. This was enhanced in the 1980s when matrix-assisted laser
desorption/ionization (MALDI) and tandem mass spectrometry became available. This
permitted the protein spots from 2D gels or proteins derived from other fractionation
methods to be identified, usually after protease digestion (see references below).

Anecdotally, we worked next to a lab at RPMI that studied PRDX6 in the 1970s,
although under the name LTW-4 (LTW4→ AOP2→ PRDX6) [98]. It was easily detected
among liver and kidney proteins by Coomassie brilliant blue R-250 staining of 2D gels,
facilitating the identification of charge variants among mouse strains. GPX1 has a more
variable representation on 2D-gels depending on the source. Hammad et al. were able to
identify PRDX2 (protein spot not numbered on gel) and PRDX6 (mid-abundance protein
on gel; two spots) on 2D gels, but not GPX1, although this was one of their stated goals [99].
In colon cancer-derived SW480 cells grown without Se supplementation, GPX1 was barely
detected until the cells were treated with CAPE [100]. In rat liver, GPX1 appears as
abundant as PRDX6 (one protein spot) [101]. In mouse liver, GPX1 appeared to have
1/3rd the abundance of PRDX6 (3 spots) [102]. In human liver, relative GPX1 and PRDX6
protein levels in the range of mouse and rat liver would be predicted from the TPM
levels. GPX1 was identified as a low-abundance protein in mouse stem cells on 2D gels
before differentiation that declined in abundance after differentiation (Se supplementation
not mentioned) [103]. Bypassing gels, freshly harvested human nasal epithelium tissue
was processed for fractionation and analysis with 2D-LC-MS/MS [104]. PRDX1, 2, 3, 4,
5, 6, GPX1 and CAT were identified among the proteins in the soluble fraction, GPX2
was not (relative abundance; 1.06: 0.38: 0.08: 0.05: 0.28: 0.16: 0.07: 0.1, respectively). A
second project started with 1D gels of protein derived from cultured human colon samples
(undifferentiated; no Se supplementation) used to make spheroid cultures (differentiated;
no Se supplementation) [105]. The study found relative values of 1 for PRDX1, 0.19 for
PRDX2, 0.25 for PRDX3, 0.069 for PRDX4, 0.35 for PRDX5, 0.31 for PRDX6, 0.14 for GPX1
and 0.1 for GPX2 in the differentiated state; 1 for PRDX1, 0.23 for PRDX2, 0.3 for PRDX3,
0.13 for PRDX4, 0.23 for PRDX5, 0.22 for PRDX6, 0.14 for GPX1 and 0.03 for GPX2 in
the undifferentiated state (CAT is not found). As indicated, PRDX6 is historically easy
to identify, while GPX1 and presumably GPX2 seem to be below or at the border line of
detection in several cases, with GPX1 approaching or reaching the level of PRDX6 in three
instances. In the two cases where we have more complete information, the results seem
consistent with Winterbourn’s presentation of GPX and PRDX abundances and generally
fit the profile of compiled TPM for our consensus cancer-derived cell line, particularly the
undifferentiated colon cell cultures (Figure 10).

It is both individual and collective abundances of the six PRDXs that propelled them to
notice as having a major role in the regulation of ROOH levels [106]. Later, the peroxide rate
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constants of PRDXs were upwardly revised. This takes us to the view espoused in Figure 10,
based on the combination of relative abundances and similarity of the rate constants to
Se-GPXs [54,107]. We are using mRNA levels (TPM/FPKM) to roughly simulate the relative
protein abundances.

Se-GPXs can be more readily identified and quantified using Se isotope incorporation
into the proteins, a method heavily employed by us in the 1990s (radioactive 75Se in
our work); those currently used are non-radioactive 76Se and 77Se [23,83,108]. The use
of 75Se labeled proteins from cell lines fractionated on SDS-PAGE in combination with
activity assays was used in our estimation of relative GPX1- and GPX2-specific activity,
mentioned above.

Proteomic studies on GPX2 have sometimes started with 1D gel SDS-PAGE or 2D-
gel electrophoresis followed by tryptic digestion and combined with MS and MS/MS or
MALDI-TOF [105,109]. These methods were used to identify alteration in levels accom-
panying phenomena such as culture of colon organoids, as mentioned above, and to find
changes in protein composition between wild-type mouse and GPX2-KO mouse colon
tissues. The outcomes from the second study were integrated with results from RT-PCR.

A study on the effect of quercetin on rat colon integrated mRNA analysis using
Affymetrix Gene Chip arrays and with a proteomics approach that used 2D-LC-MS/MS [110].
GPX2 mRNA was identified as up-regulated in colon after treatment of rats with quercetin.
However, the analysis failed to identify GPX2 among the significantly up-regulated proteins.
In fact, the discussion suggests the likelihood it was not detected at all.

2.9.2. Tumor Immune Environment

We have already mentioned one paper that examined the tumor immune environ-
ment [95]. There are three others on this topic. However, we find this one to be the
most complete and compelling as it merges metabolomics with mRNA data, cell line
studies and xenografts to explore GPX2 involvement with the immune environment (Hu-
man Metabolome Database (V.4.0); MetaboAnalyst (V.5.0). It appears to us that GPX2
was not the initial driving force behind the study. Rather, it seems to have been discov-
ered during the investigation. TCGA RNA-seq data were used to define the immune
environment of cancers as described above. This is not what we expected as TIMER2.0
was designed for this type of analysis. Additional genes identified in this analysis were
20 chemokines/chemokine receptors, 19 interleukins and 17 human leukocyte antigens.
Work using the HNSC cell lines, FaDu with high GPX2 expression (Table 1) and UMSC22A
(described as low GPX2 expression, appears comparable to FaDu on Westerns; no data
in DepMap or THPA), silencing of expression of GPX2 increased production of PGE2,
IL-6 and other pro-inflammatory cytokines and overexpression in the mouse MOC1 cell
line lowered PGE2 production. GPX2 involvement in prostaglandin metabolism has been
explored [6]. Overexpression also increased 3- hydroxykynurenine levels, which might be
consistent with finding on kynureninase levels being up-regulated with GPX2 silencing in
the gastric cancer [84]. Tumors generated from MOC-1 cell in C57Bl6 mice showed that
GPX2 overexpression reduced T-cell and M1 macrophage infiltration and did not affect
M2 macrophages. We point out that HNSC tumors do not have a high GPX2 median
level (80 unadjusted TPM; 5.5% total TPM) but have a range of expression from nearly
zero to > 3000 TPM. Median GPX1 levels are about three-fold higher, but do not have
elevated high-end levels (~1000 TPM). Prognosis was better with low GPX2 expression
in OCSCC. This is suggested to follow from a more favorable immune environment for
tumor suppression.

An in silico analysis of GPX2 involvement with pancreatic cancer explored the immune
environment [111]. The paper starts with the observation that GPX2 is up-regulated in
pancreatic adenocarcinoma (PAAD) using data from the TCGA database with increasing
expression occurring from stage 1 to stage 2. PAAD does have high GPX2 expression
(313 TPM; 16% total TPM; GPX1-378 TPM, 20% total). This paper skips over an analysis
of prognosis. THPA suggests that low expression would be favorable, using a very high
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cut-off (2× median of 280 TPM) and the outcome is not significant. Using the median
value shows absolutely no difference. In looking at immune cell abundances at distinct
stages of the cancer, they noted that M2 macrophages levels increased from stage 1 levels
as the cancer progressed. The M2 marker, CD163, showed a negative correlation with
GPX2. The data for GPX2 levels seems to be at odds with what we see at TCGA, being far
too low, but the trends are found there. Also, the correlation between GPX2 and CD163,
while technically significant, does not look strong to us. The negative correlation with
GPX2 shows up in the other papers, with one raising the point that high M2 infiltration is
associated with poor prognosis [112].

The next study is about COAD and combines analysis of GPX2 expression with
microsatellite instability (MSI), largely using an in silico analysis [113]. Using THPA at the
optimum cut-off (just over the median), the authors show high expression favors good
prognosis. GPX2 is highly expressed here as already commented on. Along with STAD
and READ, there is less variation in the expression range (6–32-fold) than for several
other cancers (Figure 4A). This paper begins by analyzing differentially regulated genes
associated with MSI, finding GPX2 to have lower expression in the MSI positive set.
Uterine cancers also show this, with the magnitude of the negative correlation with MSI
more striking for COAD. Tumor mutation burden is also negatively correlated with GPX2
expression in COAD. Several cancers share this, but most of them are sites of very low
GPX2 expression, kidney, prostate and thyroid. Looking at immune cell infiltration, they
found a negative correlation with M2 macrophages and several categories of immune cells.
In this case, high GPX2 levels were interpreted as suppressing mutations that might fuel
more aggressive tumors. They also linked the high expression to fewer M2 macrophages,
which should favor a good prognosis.

Finally, Yang et al. looked at the immune cell composition of low and high-expressing
prostate tumors. While the results appear equivocal to us, the authors suggest that GPX2
levels affected the relative infiltration of eight classes of immune cells, which includes a
negative correlation with M2 macrophages, consistent with the papers presented above [90].

2.9.3. Metabolomics and GPX2

This first paper is more about determining how the potential anti-cancer agent, α-
hederin, acts on NSCLC and its ability to sensitize cancer cells to ferroptosis after cis-platin
treatment [114]. A combination of proteomics, metabolomics and high-throughput sequenc-
ing suggested the involvement of GPX2 and glutathione synthase down-regulation in the
increased susceptibility to ferroptosis, this using A549 line and PC9 (not found in DepMap;
Western blot analysis suggests slightly lower GPX2 levels in PC9 vs. A549). The use of cell
lines was limited to control vs. α-hederin-treated. Additional support for ferroptosis was
found in the proteomics study and using inhibitors selective for death-related pathways,
Z-VAD (caspase inhibitor), chloroquine (autophagy inhibitor), necrostatin-1 (necroptosis
inhibitor) and ferrostatin-1 (ferroptosis inhibitor).

The second paper looked at GPX2 in gastric cancer [84]. The initial approach is
standard for this type of work, mixing analysis from the databases with overexpression
or silencing of GPX2 in cell lines. The cell line studies looked at proliferation, migration
and EMT as end points. Higher GPX2 levels enhanced proliferation, migration and EMT.
Proteomic analysis linked low GPX2 expression to suppressed kynurenine metabolism by
up-regulating kynureninase. This appeared to be triggered by allowing the accumulation
of ROOH. The link to proliferation, migration and EMT is proposed to be through the aryl
hydrocarbon receptor and its ligand kynurenine. Given the general indication that GPX2
expression is high in normal and cancerous stomach tissues, this is a plausible hypothesis
(526 TPM; median level, 30% of total TPM). The paper acknowledged the co-expression
of GPX1 in cell lines and, in cancer and normal samples, found no difference in levels.
Their in-house Kaplan–Meyer analysis (IHC) and the experimental components of the
study seemed to favor low expression of GPX2 for better prognosis. This was attributed
to lower kynurenine levels negatively impacting migration and invasion potential of cells.



BioMedInformatics 2023, 3 1007

The cell lines used were NUGC4, NUGC3 and MKN45 with 1314 TPM (47% total TPM),
1.85 TPM (0.09% total TPM) and 546 TPM (20% of total TPM), respectively. RT-PCR and
Western blot analysis agreed well with the DepMap values. RNA silencing was used on
NUGC4 and MKN45 (~5-fold and 10-fold lower levels, respectively, via Western blots)
while overexpression was used for NUGC3. The use of NUGC3 is the one minor failing of
the paper. We never obtain the true context for how much the overexpression elevates the
GPX2 protein level or whether the mRNA levels reach our cut-off of 6% total TPM. The
two higher expressing lines have TPM values that would seem to place them in the range
of the tumor samples with the simplifying assumptions that that 1

2 of the tumor specimens
have tumor purity values > 0.6 and the highest levels of expression probably involve purity
values close to 1 (Figure 4A). The only real downside is the lack of Se supplementation for
the in vitro work, which might yield a disconnect between the TPM levels and the protein
levels. This is partially redeemed in the use of xenografts from the NUGC4 and MKN45
lines that are more likely to be Se sufficient, like the host, and their use in this manner
replicated the in vitro findings.

Ren et al. found a link between GPX2 and angiogenesis in tumors, largely based on
results from a mouse tumor model [115]. Ingenuity pathway analysis showed low GPX2
levels were associated with ROS/hypoxia-inducible factor-α (HIF1α)/vesicular endothelial
growth factor A (VEGFA) signaling, causing poor perfusion and hypoxia via defective
angiogenesis. We discussed this paper in our recent review. Considering the current
discussion, we note that the paper is based on the observations that GPX2 levels tend to
decline in breast cancer. Our main criticism would be lack of information on the levels of
GPX2 in the mouse tumor cell lines before and after manipulation of GPX2 expression levels
in relation to levels in human tumors and cell lines. This could have been performed as the
authors presented a sub-study using two human breast cancer-derived lines, MDAMB231
and MDAMB361. MDAMB231 has GPX2 expression like that of Hela and LNCaP cells,
while MDAMB361 has moderate levels of GPX2 representing 6% of total TPM (Table 1).
Thus, MDAMB361 falls into our range of potentially significant GPX2 expression. We
lack context on the impact of GPX2 overexpression on MDAMB231. However, going by
the effect of GPX2 silencing in MDAMB361 on growth of xenografts and the replication
of the effects on HIF1α and VEGFA levels, the mouse tumor results are confirmed in
the study of the human cell line. Exactly how the human cell line GPX2 levels relate to
tumor progression is still uncertain. The only breast cancer cell line that might have GPX2
levels like those constructed from the results of Kannan et al. for breast basal/stem cells
is MDAMB175vii (Table 1) [21]. All the rest of the available lines have much lower levels
of GPX2 agreeing with the suggestion from the public databases that GPX2 levels decline
from normal to tumor. However, the bulk of breast cancers originate from luminal cells,
where normal GPX2 levels would be low at the outset [70].

3. Limitations

One limitation of this project is the admitted confusion of the commentators over
incongruent results found by comparing results from papers in fine detail, both among
themselves and with public database information. At the midpoint of our investigation,
we thought the problems lie with the TPM/FPKM metric used in the databases and the
snapshot nature of the data collection. At the end, we are convinced the discrepancies lie
more with the methodology of published studies.

Our approach is one of convenience. Since the available data are of mRNA levels,
which is what we are forced to use. IHC results are too few and too inconsistent for use
in this project. We have tried to use TPM/FPKM data to approximate relative and total
antioxidant enzyme levels in tissues and cell lines. Obviously, this is a big leap with
the potential for huge error. The outcomes do roughly agree with the scant proteomic
data [106,107]. We are simplifying the portrayal of rate constant similarity among Se-GPXs,
PRDXs and CAT. These have tended to change as the years progress, not only in the big
leap proposed by Winterbourn for PRDXs but in fine detail later [54,107,116]. Then, there is
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the issue of PRDX inactivation via ROOH, which remains an open question that cannot be
addressed by these methods [117]. Se-GPX may not be immune to this [118].

We have pointed out some of the problems involved in building antioxidant enzyme
gene profiles of normal and tumor tissues. There may be more problems with this approach
than we are aware of at this time. In terms of making a judgment about significant levels
of GPX2, we were forced to rely on the very information we are critiquing, cell line data
in reference to DepMap, and THPA TPM data. Our threshold of 6% seems low to us and
is tainted by the general lack of Se supplementation in the culture media of most studies.
However, we cannot outright dismiss the outcomes of so many papers. We can call into
question results based on lower percentages. There must be some limit for a significant
impact of GPX2. In our 30 years review, we pointed out that a positive outcome was
achieved using the DCHF-DA assay by silencing GPX2 in Hela cells. The authors admitted
they could not detect GPX2 in the parent line via Western blotting [119]. We expect readers
of this commentary to be as skeptical of our approach as we are to claims of GPX2 effects in
HeLa cells.

4. Summary

In writing this commentary, we are trying to provide investigators, editors, reviewers
and readers of past, current and future papers on this topic with perspective and mention
tools that can be employed to evaluate the strengths and possible weakness in the research
and by researchers to design better conceived studies.

First, we strongly recommend the use of Se in cell culture, a practice lost in recent
work. There are two points here: one, vendors have the Se levels for each batch of serum;
two, sodium selenite is not expensive and readily available. Along these lines, we propose
that a big-science project be undertaken jointly by members of the selenium/redox fields to
assay GPX activity, perform Western blots and measure GPX TPM for cell lines representing
GPX1 expression alone, GPX2 expression alone (at least 5 lines; DepMap) and a mix of the
two, extending the work of the authors, Brigelius-Flohe and co-workers, Touat-Hamici et al.
and others mentioned in this commentary [77,79,83,85]. This could be combined with some
test of cell line resistance to oxidants after silencing of each isoenzyme along the lines of
Shen and Nathan to determine if there is a lower limit of GPX expression that can be rated
as significant and how dependent this is on total antioxidant enzyme expression levels [40].
Such a project could be joined to DepMap. The project should be justifiable as legitimate
cancer research both from the number of claims for GPX1-4 involvement in cancer and Se
impact on human health, including cancer.

Second, work presenting the impact of silencing or overexpression should be pre-
sented in the full context of all lines used in work, possibly using reference lines such as
MDAMB231 and MDAMB361, ME180 and HeLa, HepG2 and Huh7, and ME180 and HeLa
(Table 1). This would extend to work using both RT-PCR and Western blotting. This could
be relegated to the supplemental data if the availability is mentioned in the main text. The
data presentation model of Touat-Hamici et al. is recommended [79].

Third, using DepMap and THPA, as we have done here, would remind investigators
of the presence and possible great abundance of GPX1 and PRDXs in the cell lines they
choose for the study of GPX2. We would hope that claims for GPX2 might be tempered
by parallel manipulation of other antioxidant enzyme genes (selecting one more based on
expression levels in DepMap). This would not diminish the claims for GPX2. In our view,
it would strengthen the hypothesis that GPX2 is operating via modulation of ROOH and,
coupled with the proper assays, might provide an estimate of how much ROOH GPX2 is
handling. Only two recent papers even bother to present data on GPX1, with one paper
showing a similar impact on the stresses of hydrogen peroxide and LPS after silencing in
the Het-1A esophageal epithelial cell line [34,84].

Fourth, the use of tumor and cell line databases serves to evaluate whether GPX2 levels
are high enough to have any impact in a particular cancer type and whether alterations
in levels contribute to the view that GPX2 levels might stray into the range of significant
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expression and be worth study. Studies linking GPX2 to glioma, prostate, and breast cancer
(bulk of LUAD samples) should be subject to greater scrutiny given that GPX2 levels might
be too low to have any impact based on the analyses presented here [90,93,117]. One of our
major complaints is that papers with suspect links between GPX2 and cancer are cited as
support for GPX2 involvement in cancer [84,115,120].

Fifth, cell lines can be better matched to tumor sample expression levels to make
any conclusions derived from manipulation of GPX2 more meaningful. This would be of
some greater concern for the tissues mentioned in item four. We have demonstrated a few
instances of how this could be accomplished.

Author Contributions: R.S.E. conceived the topic of the commentary and wrote the first draft. F.-F.C.
initiated the use of public databases in our studies, reviewed the draft of the paper and made edits to
the draft. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: All data in this article is derived from published sources or the indicated
public databases. Further information can be sought by emailing the authors.

Acknowledgments: The results shown here are in part based upon data generated by the TCGA
Research Network: FPKM and cancer purity data; The Human Protein Atlas (IHC images, Kaplan–
Meyer overall survival data and some cell line TPM data); TIMER2.0 (Normal and cancer specimen
TPM (log2 TPM plots); and Cancer Dependency Map Project (tumor-derived cell line TPM data and
effect data); data and images downloaded between September 2022 and July 2023.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Gouazé, V.; Mirault, M.E.; Carpentier, S.; Salvayre, R.; Levade, T.; Andrieu-Abadie, N. Glutathione peroxidase-1 overexpression

prevents ceramide production and partially inhibits apoptosis in doxorubicin-treated human breast carcinoma cells. Mol.
Pharmacol. 2001, 60, 488–496. [PubMed]

2. Mörk, H.; Scheurlen, M.; Al-Taie, O.; Zierer, A.; Kraus, M.; Schöttker, K.; Jakob, F.; Köhrle, J. Glutathione peroxidase isoforms as
part of the local antioxidative defense system in normal and Barrett’s esophagus. Int. J. Cancer 2003, 105, 300–304. [CrossRef]
[PubMed]

3. Al-Taie, O.H.; Uceyler, N.; Eubner, U.; Jakob, F.; Mörk, H.; Scheurlen, M.; Brigelius-Flohe, R.; Schöttker, K.; Abel, J.; Thalheimer,
A.; et al. Expression profiling and genetic alterations of the selenoproteins GI-GPx and SePP in colorectal carcinogenesis. Nutr.
Cancer 2004, 48, 6–14. [CrossRef] [PubMed]

4. Rebsch, C.M.; Penna, F.J., 3rd; Copeland, P.R. Selenoprotein expression is regulated at multiple levels in prostate cells. Cell Res.
2006, 16, 940–948, Erratum in Cell Res. 2007, 17, 272. [CrossRef]

5. Kipp, A.; Banning, A.; Brigelius-Flohé, R. Activation of the glutathione peroxidase 2 (GPx2) promoter by beta-catenin. Biol. Chem.
2007, 388, 1027–1033. [CrossRef]

6. Banning, A.; Florian, S.; Deubel, S.; Thalmann, S.; Müller-Schmehl, K.; Jacobasch, G.; Brigelius-Flohé, R. GPx2 counteracts
PGE2 production by dampening COX-2 and mPGES-1 expression in human colon cancer cells. Antioxid. Redox Signal. 2008,
10, 1491–1500. [CrossRef]

7. Kipp, A.P.; Müller, M.F.; Göken, E.M.; Deubel, S.; Brigelius-Flohé, R. The selenoproteins GPx2, TrxR2 and TrxR3 are regulated by
Wnt signalling in the intestinal epithelium. Biochim. Biophys. Acta 2012, 1820, 1588–1596. [CrossRef]

8. Banning, A.; Kipp, A.; Schmitmeier, S.; Löwinger, M.; Florian, S.; Krehl, S.; Thalmann, S.; Thierbach, R.; Steinberg, P.; Brigelius-
Flohé, R. Glutathione Peroxidase 2 Inhibits Cyclooxygenase-2-Mediated Migration and Invasion of HT-29 Adenocarcinoma Cells
but Supports Their Growth as Tumors in Nude Mice. Cancer Res. 2008, 68, 9746–9753. [CrossRef]

9. Emmink, B.L.; Laoukili, J.; Kipp, A.P.; Koster, J.; Govaert, K.M.; Fatrai, S.; Verheem, A.; Steller, E.J.; Brigelius-Flohé, R.; Jimenez,
C.R.; et al. GPx2 suppression of H2O2 stress links the formation of differentiated tumor mass to metastatic capacity in colorectal
cancer. Cancer Res. 2014, 74, 6717–6730. [CrossRef]

10. Santesmasses, D.; Gladyshev, V.N. Selenocysteine Machinery Primarily Supports TXNRD1 and GPX4 Functions and Together
They Are Functionally Linked with SCD and PRDX6. Biomolecules 2022, 12, 1049. [CrossRef]

11. Esworthy, R.S.; Chu, F.F.; Doroshow, J.H. Analysis of glutathione-related enzymes. Curr. Protoc. Toxicol. 2001. [CrossRef]
[PubMed]

12. Lee, D.H.; Esworthy, R.S.; Chu, C.; Pfeifer, G.P.; Chu, F.F. Mutation accumulation in the intestine and colon of mice deficient in
two intracellular glutathione peroxidases. Cancer Res. 2006, 66, 9845–9851. [CrossRef] [PubMed]

13. Esworthy, R.S.; Kim, B.W.; Chow, J.; Shen, B.; Doroshow, J.H.; Chu, F.F. Nox1 causes ileocolitis in mice deficient in glutathione
peroxidase-1 and -2. Free Radic. Biol. Med. 2014, 68, 315–325. [CrossRef] [PubMed]

https://www.ncbi.nlm.nih.gov/pubmed/11502879
https://doi.org/10.1002/ijc.11087
https://www.ncbi.nlm.nih.gov/pubmed/12704661
https://doi.org/10.1207/s15327914nc4801_2
https://www.ncbi.nlm.nih.gov/pubmed/15203372
https://doi.org/10.1038/sj.cr.7310117
https://doi.org/10.1515/BC.2007.137
https://doi.org/10.1089/ars.2008.2047
https://doi.org/10.1016/j.bbagen.2012.05.016
https://doi.org/10.1158/0008-5472.CAN-08-1321
https://doi.org/10.1158/0008-5472.CAN-14-1645
https://doi.org/10.3390/biom12081049
https://doi.org/10.1002/0471140856.tx0701s00
https://www.ncbi.nlm.nih.gov/pubmed/23045060
https://doi.org/10.1158/0008-5472.CAN-06-0732
https://www.ncbi.nlm.nih.gov/pubmed/17047045
https://doi.org/10.1016/j.freeradbiomed.2013.12.018
https://www.ncbi.nlm.nih.gov/pubmed/24374371


BioMedInformatics 2023, 3 1010

14. Chu, F.F.; Esworthy, R.S.; Doroshow, J.H.; Grasberger, H.; Donko, A.; Leto, T.L.; Gao, Q.; Shen, B. Deficiency in Duox2 activity
alleviates ileitis in GPx1- and GPx2-knockout mice without affecting apoptosis incidence in the crypt epithelium. Redox Biol. 2017,
11, 144–156. [CrossRef]

15. Yuan, K.; Liu, Y.; Chen, H.N.; Zhang, L.; Lan, J.; Gao, W.; Dou, Q.; Nice, E.C.; Huang, C. Thiol-based redox proteomics in cancer
research. Proteomics 2015, 15, 287–299. [CrossRef]

16. Gomes, A.; Fernandes, E.; Lima, J.L. Fluorescence probes used for detection of reactive oxygen species. J. Biochem. Biophys.
Methods 2005, 65, 45–80. [CrossRef]

17. Rhee, S.G.; Chang, T.S.; Jeong, W.; Kang, D. Methods for detection and measurement of hydrogen peroxide inside and outside of
cells. Mol. Cells 2010, 29, 539–549. [CrossRef]

18. Chen, X.; Zhong, Z.; Xu, Z.; Chen, L.; Wang, Y. 2′,7′-Dichlorodihydrofluorescein as a fluorescent probe for reactive oxygen species
measurement: Forty years of application and controversy. Free Radic. Res. 2010, 44, 587–604. [CrossRef]

19. Hardy, M.; Zielonka, J.; Karoui, H.; Sikora, A.; Michalski, R.; Podsiadły, R.; Lopez, M.; Vasquez-Vivar, J.; Kalyanaraman, B.; Ouari,
O. Detection and Characterization of Reactive Oxygen and Nitrogen Species in Biological Systems by Monitoring Species-Specific
Products. Antioxid. Redox Signal. 2018, 28, 1416–1432. [CrossRef]

20. Murphy, M.P.; Bayir, H.; Belousov, V.; Chang, C.J.; Davies, K.J.A.; Davies, M.J.; Dick, T.P.; Finkel, T.; Forman, H.J.; Janssen-
Heininger, Y.; et al. Guidelines for measuring reactive oxygen species and oxidative damage in cells and in vivo. Nat. Metab.
2022, 4, 651–662. [CrossRef]

21. Esworthy, R.S.; Doroshow, J.H.; Chu, F.F. The beginning of GPX2 and 30 years later. Free Radic. Biol. Med. 2022, 188, 419–433.
[CrossRef]

22. Boveris, A.; Oshino, N.; Chance, B. The cellular production of hydrogen peroxide. Biochem. J. 1972, 128, 617–630. [CrossRef]
23. Chu, F.F.; Doroshow, J.H.; Esworthy, R.S. Expression, characterization, and tissue distribution of a new cellular selenium-

dependent glutathione peroxidase, GSHPx-GI. J. Biol. Chem. 1993, 268, 2571–2576. [CrossRef]
24. Geybels, M.S.; Hutter, C.M.; Kwon, E.M.; Ostrander, E.A.; Fu, R.; Feng, Z.; Stanford, J.L.; Peters, U. Variation in selenoenzyme

genes and prostate cancer risk and survival. Prostate 2013, 73, 734–742. [CrossRef] [PubMed]
25. Takata, Y.; King, I.B.; Lampe, J.W.; Burk, R.F.; Hill, K.E.; Santella, R.M.; Kristal, A.R.; Duggan, D.J.; Vaughan, T.L.; Peters, U.

Genetic variation in GPX1 is associated with GPX1 activity in a comprehensive analysis of genetic variations in selenoenzyme
genes and their activity and oxidative stress in humans. J. Nutr. 2012, 142, 419–426. [CrossRef]

26. Zhuo, P.; Diamond, A.M. Molecular mechanisms by which selenoproteins affect cancer risk and progression. Biochim. Biophys.
Acta 2009, 1790, 1546–1554. [CrossRef] [PubMed]

27. Peters, U.; Chatterjee, N.; Hayes, R.B.; Schoen, R.E.; Wang, Y.; Chanock, S.J.; Foster, C.B. Variation in the selenoenzyme genes and
risk of advanced distal colorectal adenoma. Cancer Epidemiol. Biomark. Prev. A Publ. Am. Assoc. Cancer Res. Cosponsored Am. Soc.
Prev. Oncol. 2008, 17, 1144–1154. [CrossRef] [PubMed]

28. Murphy, S.J.; Hughes, A.E.; Patterson, C.C.; Anderson, L.A.; Watson, R.G.; Johnston, B.T.; Comber, H.; McGuigan, J.; Reynolds,
J.V.; Murray, L.J. A population-based association study of SNPs of GSTP1, MnSOD, GPX2 and Barrett’s esophagus and esophageal
adenocarcinoma. Carcinogenesis 2007, 28, 1323–1328. [CrossRef] [PubMed]

29. Schwarz, M.; Löser, A.; Cheng, Q.; Wichmann-Costaganna, M.; Schädel, P.; Werz, O.; Arnér, E.S.; Kipp, A.P. Side-by-side compar-
ison of recombinant human glutathione peroxidases identifies overlapping substrate specificities for soluble hydroperoxides.
Redox Biol. 2023, 59, 102593. [CrossRef]

30. Chu, F.F.; Esworthy, R.S. The expression of an intestinal form of glutathione peroxidase (GSHPx-GI) in rat intestinal epithelium.
Arch. Biochem. Biophys. 1995, 323, 288–294. [CrossRef]

31. Ursini, F.; Maiorino, M.; Brigelius-Flohe, R.; Aumann, K.D.; Roveri, A.; Schomburg, D.; Flohe, L. Diversity of glutathione
peroxidases. Methods Enzymol. 1995, 252, 38–53. [PubMed]

32. Park, Y.S.; Koh, Y.H.; Takahashi, M.; Miyamoto, Y.; Suzuki, K.; Dohmae, N.; Takio, K.; Honke, K.; Taniguchi, N. Identification of
the binding site of methylglyoxal on glutathione peroxidase: Methylglyoxal inhibits glutathione peroxidase activity via binding
to glutathione binding sites Arg 184 and 185. Free Radic. Res. 2003, 37, 205–211. [CrossRef] [PubMed]

33. Forman, H.J.; Zhang, H.; Rinna, A. Glutathione: Overview of its protective roles, measurement, and biosynthesis. Mol. Asp. Med.
2009, 30, 1–12. [CrossRef]

34. Wu, S.; Yin, X.; Xia, N.; Zhang, P.; Liu, B.; Weng, L.; Shang, M. GPX2 stabilized by PCBP2 induces autophagy to protect Het-1A
esophageal cells from apoptosis and inflammation. Cell. Signal. 2022, 97, 110397. [CrossRef]

35. Doroshow, J.H. Glutathione peroxidase and oxidative stress. Toxicol. Lett. 1995, 82–83, 395–398. [CrossRef] [PubMed]
36. Lupertz, R.; Chovolou, Y.; Kampkotter, A.; Watjen, W.; Kahl, R. Catalase overexpression impairs TNF-alpha induced NF-kappaB

activation and sensitizes MCF-7 cells against TNF-alpha. J. Cell. Biochem. 2008, 103, 1497–1511. [CrossRef]
37. McDonald, C.; Muhlbauer, J.; Perlmutter, G.; Taparra, K.; Phelan, S.A. Peroxiredoxin proteins protect MCF-7 breast cancer cells

from doxorubicin-induced toxicity. Int. J. Oncol. 2014, 45, 219–226. [CrossRef]
38. Goncalves, K.; Sullivan, K.; Phelan, S. Differential expression and function of peroxiredoxin 1 and peroxiredoxin 6 in cancerous

MCF-7 and noncancerous MCF-10A breast epithelial cells. Cancer Investig. 2012, 30, 38–47. [CrossRef]
39. Yan, W.; Chen, X. GPX2, a direct target of p63, inhibits oxidative stress-induced apoptosis in a p53-dependent manner. J. Biol.

Chem. 2006, 281, 7856–7862. [CrossRef]

https://doi.org/10.1016/j.redox.2016.11.001
https://doi.org/10.1002/pmic.201400164
https://doi.org/10.1016/j.jbbm.2005.10.003
https://doi.org/10.1007/s10059-010-0082-3
https://doi.org/10.3109/10715761003709802
https://doi.org/10.1089/ars.2017.7398
https://doi.org/10.1038/s42255-022-00591-z
https://doi.org/10.1016/j.freeradbiomed.2022.06.232
https://doi.org/10.1042/bj1280617
https://doi.org/10.1016/S0021-9258(18)53812-6
https://doi.org/10.1002/pros.22617
https://www.ncbi.nlm.nih.gov/pubmed/23143801
https://doi.org/10.3945/jn.111.151845
https://doi.org/10.1016/j.bbagen.2009.03.004
https://www.ncbi.nlm.nih.gov/pubmed/19289153
https://doi.org/10.1158/1055-9965.EPI-07-2947
https://www.ncbi.nlm.nih.gov/pubmed/18483336
https://doi.org/10.1093/carcin/bgm007
https://www.ncbi.nlm.nih.gov/pubmed/17277236
https://doi.org/10.1016/j.redox.2022.102593
https://doi.org/10.1006/abbi.1995.9962
https://www.ncbi.nlm.nih.gov/pubmed/7476373
https://doi.org/10.1080/1071576021000041005
https://www.ncbi.nlm.nih.gov/pubmed/12653209
https://doi.org/10.1016/j.mam.2008.08.006
https://doi.org/10.1016/j.cellsig.2022.110397
https://doi.org/10.1016/0378-4274(95)03570-2
https://www.ncbi.nlm.nih.gov/pubmed/8597083
https://doi.org/10.1002/jcb.21538
https://doi.org/10.3892/ijo.2014.2398
https://doi.org/10.3109/07357907.2011.629382
https://doi.org/10.1074/jbc.M512655200


BioMedInformatics 2023, 3 1011

40. Shen, C.; Nathan, C. Nonredundant antioxidant defense by multiple two-cysteine peroxiredoxins in human prostate cancer cells.
Mol. Med. 2002, 8, 95–102. [CrossRef]

41. Thapa, P.; Jiang, H.; Ding, N.; Hao, Y.; Alshahrani, A.; Lee, E.Y.; Fujii, J.; Wei, Q. Loss of Peroxiredoxin IV Protects Mice
from Azoxymethane/Dextran Sulfate Sodium-Induced Colorectal Cancer Development. Antioxidants 2023, 12, 677. [CrossRef]
[PubMed]

42. Brzozowa-Zasada, M.; Piecuch, A.; Bajdak-Rusinek, K.; Janelt, K.; Michalski, M.; Klymenko, O.; Matysiak, N. Immunohistochem-
ical Expression of Glutathione Peroxidase 1 (Gpx-1) as an Independent Prognostic Factor in Colon Adenocarcinoma Patients.
Pharmaceuticals 2023, 16, 740. [CrossRef] [PubMed]

43. Li, H.X.; Sun, X.Y.; Yang, S.M.; Wang, Q.; Wang, Z.Y. Peroxiredoxin 1 promoted tumor metastasis and angiogenesis in colorectal
cancer. Pathol. Res. Pract. 2018, 214, 655–660. [CrossRef]

44. Peng, L.; Wang, R.; Shang, J.; Xiong, Y.; Fu, Z. Peroxiredoxin 2 is associated with colorectal cancer progression and poor survival
of patients. Oncotarget 2017, 8, 15057–15070. [CrossRef]

45. Song, I.S.; Jeong, Y.J.; Han, J. Mitochondrial metabolism in cancer stem cells: A therapeutic target for colon cancer. BMB Rep. 2015,
48, 539–540. [CrossRef] [PubMed]

46. Zhou, H.; Li, L.; Chen, J.; Hou, S.; Zhou, T.; Xiong, Y. Expression and prognostic value of PRDX family in colon adenocarcinoma
by integrating comprehensive analysis and in vitro and in vivo validation. Front. Oncol. 2023, 13, 1136738. [CrossRef] [PubMed]

47. Ahn, H.M.; Yoo, J.W.; Lee, S.; Lee, H.J.; Lee, H.S.; Lee, D.S. Peroxiredoxin 5 promotes the epithelial-mesenchymal transition in
colon cancer. Biochem. Biophys. Res. Commun. 2017, 487, 580–586. [CrossRef]

48. Huang, W.S.; Huang, C.Y.; Hsieh, M.C.; Kuo, Y.H.; Tung, S.Y.; Shen, C.H.; Hsieh, Y.Y.; Teng, C.C.; Lee, K.C.; Lee, K.F.; et al.
Expression of PRDX6 Correlates with Migration and Invasiveness of Colorectal Cancer Cells. Cell Physiol. Biochem. 2018,
51, 2616–2630. [CrossRef]

49. Diamond, A.M. Selenoproteins of the Human Prostate: Unusual Properties and Role in Cancer Etiology. Biol. Trace Elem. Res.
2019, 192, 51–59. [CrossRef]

50. Rafiei, S.; Tiedemann, K.; Tabariès, S.; Siegel, P.M.; Komarova, S.V. Peroxiredoxin 4: A novel secreted mediator of cancer induced
osteoclastogenesis. Cancer Lett. 2015, 361, 262–270. [CrossRef]

51. Basu, A.; Banerjee, H.; Rojas, H.; Martinez, S.R.; Roy, S.; Jia, Z.; Lilly, M.B.; De León, M.; Casiano, C.A. Differential expression
of peroxiredoxins in prostate cancer: Consistent upregulation of PRDX3 and PRDX4. Prostate 2011, 71, 755–765. [CrossRef]
[PubMed]

52. Whitaker, H.C.; Patel, D.; Howat, W.J.; Warren, A.Y.; Kay, J.D.; Sangan, T.; Marioni, J.C.; Mitchell, J.; Aldridge, S.; Luxton, H.J.;
et al. Peroxiredoxin-3 is overexpressed in prostate cancer and promotes cancer cell survival by protecting cells from oxidative
stress. Br. J. Cancer 2013, 109, 983–993. [CrossRef] [PubMed]

53. Valdman, A.; Häggarth, L.; Cheng, L.; Lopez-Beltran, A.; Montironi, R.; Ekman, P.; Egevad, L. Expression of redox pathway
enzymes in human prostatic tissue. Anal. Quant. Cytol. Histol. 2009, 31, 367–374. [PubMed]

54. Winterbourn, C.C. The biological chemistry of hydrogen peroxide. Methods Enzymol. 2013, 528, 3–25. [PubMed]
55. Suzuki, S.; Pitchakarn, P.; Ogawa, K.; Naiki-Ito, A.; Chewonarin, T.; Punfa, W.; Asamoto, M.; Shirai, T.; Takahashi, S. Expression of

glutathione peroxidase 2 is associated with not only early hepatocarcinogenesis but also late stage metastasis. Toxicology 2013,
311, 115–123. [CrossRef]

56. Xu, Y.; Fang, F.; Zhang, J.; Josson, S.; Clair, W.H.S.; Clair, D.K.S. miR-17* suppresses tumorigenicity of prostate cancer by inhibiting
mitochondrial antioxidant enzymes. PLoS ONE 2010, 5, e14356. [CrossRef]

57. Xu, Z.; Zhang, Y.; Ding, J.; Hu, W.; Tan, C.; Wang, M.; Tang, J.; Xu, Y. miR-17-3p Downregulates Mitochondrial Antioxidant
Enzymes and Enhances the Radiosensitivity of Prostate Cancer Cells. Mol. Ther. Nucleic Acids 2018, 13, 64–77. [CrossRef]

58. Leon, L.M.; Gautier, M.; Allan, R.; Ilie, M.; Nottet, N.; Pons, N.; Paquet, A.; Lebrigand, K.; Truchi, M.; Fassy, J.; et al. The nuclear
hypoxia-regulated NLUCAT1 long non-coding RNA contributes to an aggressive phenotype in lung adenocarcinoma through
regulation of oxidative stress. Oncogene 2019, 38, 7146–7165. [CrossRef]

59. Maciel-Dominguez, A.; Swan, D.; Ford, D.; Hesketh, J. Selenium alters miRNA profile in an intestinal cell line: Evidence that
miR-185 regulates expression of GPX2 and SEPSH2. Mol. Nutr. Food Res. 2013, 57, 2195–2205. [CrossRef]

60. Kannan, N.; Nguyen, L.V.; Makarem, M.; Dong, Y.; Shih, K.; Eirew, P.; Raouf, A.; Emerman, J.T.; Eaves, C.J. Glutathione-dependent
and -independent oxidative stress-control mechanisms distinguish normal human mammary epithelial cell subsets. Proc. Natl.
Acad. Sci. USA 2014, 111, 7789–7794. [CrossRef]

61. Esworthy, R.S.; Mann, J.R.; Sam, M.; Chu, F.F. Low glutathione peroxidase activity in Gpx1 knockout mice protects jejunum crypts
from gamma-irradiation damage. Am. J. Physiol. Gastrointest. Liver Physiol. 2000, 279, G426–G436. [CrossRef] [PubMed]

62. Esworthy, R.S.; Aranda, R.; Martin, M.G.; Doroshow, J.H.; Binder, S.W.; Chu, F.F. Mice with combined disruption of Gpx1 and
Gpx2 genes have colitis. Am. J. Physiol. Gastrointest. Liver Physiol. 2001, 281, G848–G855. [CrossRef] [PubMed]

63. Krehl, M.; Loewinger, A.; Kipp, A.; Banning, S.; Esworthy, F.F.; Chu, R. Brigelius-Flohe, Loss of GPx2 increases apoptosis, mitosis,
and GPx1 expression in the intestine of mice. Free Radic. Biol. Med. 2010, 49, 1694–1702.

64. Haider, S.; Tyekucheva, S.; Prandi, D.; Fox, N.S.; Ahn, J.; Xu, A.W.; Pantazi, A.; Park, P.J.; Laird, P.W.; Sander, C.; et al. Systematic
Assessment of Tumor Purity and Its Clinical Implications. JCO Precis. Oncol. 2020, 4, 995–1005. [CrossRef]

65. Ziskin, J.L.; Dunlap, D.; Yaylaoglu, M.; Fodor, I.K.; Forrest, W.F.; Patel, R.; Ge, N.; Hutchins, G.G.; Pine, J.K.; Quirke, P.; et al. In
situ validation of an intestinal stem cell signature in colorectal cancer. Gut 2013, 62, 1012–1023. [CrossRef]

https://doi.org/10.1007/BF03402079
https://doi.org/10.3390/antiox12030677
https://www.ncbi.nlm.nih.gov/pubmed/36978925
https://doi.org/10.3390/ph16050740
https://www.ncbi.nlm.nih.gov/pubmed/37242524
https://doi.org/10.1016/j.prp.2018.03.026
https://doi.org/10.18632/oncotarget.14801
https://doi.org/10.5483/BMBRep.2015.48.10.179
https://www.ncbi.nlm.nih.gov/pubmed/26350748
https://doi.org/10.3389/fonc.2023.1136738
https://www.ncbi.nlm.nih.gov/pubmed/36969053
https://doi.org/10.1016/j.bbrc.2017.04.094
https://doi.org/10.1159/000495934
https://doi.org/10.1007/s12011-019-01809-0
https://doi.org/10.1016/j.canlet.2015.03.012
https://doi.org/10.1002/pros.21292
https://www.ncbi.nlm.nih.gov/pubmed/21031435
https://doi.org/10.1038/bjc.2013.396
https://www.ncbi.nlm.nih.gov/pubmed/23880827
https://www.ncbi.nlm.nih.gov/pubmed/20698352
https://www.ncbi.nlm.nih.gov/pubmed/23849856
https://doi.org/10.1016/j.tox.2013.07.005
https://doi.org/10.1371/journal.pone.0014356
https://doi.org/10.1016/j.omtn.2018.08.009
https://doi.org/10.1038/s41388-019-0935-y
https://doi.org/10.1002/mnfr.201300168
https://doi.org/10.1073/pnas.1403813111
https://doi.org/10.1152/ajpgi.2000.279.2.G426
https://www.ncbi.nlm.nih.gov/pubmed/10915653
https://doi.org/10.1152/ajpgi.2001.281.3.G848
https://www.ncbi.nlm.nih.gov/pubmed/11518697
https://doi.org/10.1200/PO.20.00016
https://doi.org/10.1136/gutjnl-2011-301195


BioMedInformatics 2023, 3 1012

66. Naiki, T.; Naiki-Ito, A.; Asamoto, M.; Kawai, N.; Tozawa, K.; Etani, T.; Sato, S.; Suzuki, S.; Shirai, T.; Kohri, K.; et al. GPX2 overex-
pression is involved in cell proliferation and prognosis of castration-resistant prostate cancer. Carcinogenesis 2014, 35, 1962–1967.
[CrossRef]

67. Dittrich, A.M.; Meyer, H.A.; Krokowski, M.; Quarcoo, D.; Ahrens, B.; Kube, S.M.; Witzenrath, M.; Esworthy, R.S.; Chu, F.F.;
Hamelmann, E. Glutathione peroxidase-2 protects from allergen-induced airway inflammation in mice. Eur. Respir. J. 2010,
35, 1148–1154. [CrossRef]

68. Ouyang, X.; DeWeese, T.L.; Nelson, W.G.; Abate-Shen, C. Loss-of-function of Nkx3.1 promotes increased oxidative damage in
prostate carcinogenesis. Cancer Res. 2005, 65, 6773–6779. [CrossRef]

69. Sailer, V.; Stephan, C.; Wernert, N.; Perner, S.; Jung, K.; Dietel, M.; Kristiansen, G. Comparison of p40 (∆Np63) and p63 expression
in prostate tissues--which one is the superior diagnostic marker for basal cells? Histopathology 2013, 63, 50–56. [CrossRef]

70. Bertucci, F.; Finetti, P.; Birnbaum, D. Basal breast cancer: A complex and deadly molecular subtype. Curr. Mol. Med. 2012,
12, 96–110. [CrossRef]

71. Gatti, V.; Bongiorno-Borbone, L.; Fierro, C.; Annicchiarico-Petruzzelli, M.; Melino, G.; Peschiaroli, A. p63 at the Crossroads
between Stemness and Metastasis in Breast Cancer. Int. J. Mol. Sci. 2019, 20, 2683. [CrossRef] [PubMed]

72. Peng, F.; Xu, Q.; Jing, X.; Chi, X.; Zhang, Z.; Meng, X.; Liu, X.; Yan, J.; Liu, X.; Shao, S. GPX2 promotes EMT and metastasis in
non-small cell lung cancer by activating PI3K/AKT/mTOR/Snail signaling axis. FASEB Bioadv. 2023, 5, 233–250. [CrossRef]
[PubMed]

73. Relli, V.; Trerotola, M.; Guerra, E.; Alberti, S. Abandoning the Notion of Non-Small Cell Lung Cancer. Trends Mol. Med. 2019,
25, 585–594. [CrossRef] [PubMed]

74. Lei, Z.; Tian, D.; Zhang, C.; Zhao, S.; Su, M. Clinicopathological and prognostic significance of GPX2 protein expression in
esophageal squamous cell carcinoma. BMC Cancer 2016, 16, 410. [CrossRef]

75. Jones, G.D.; Droz, B.; Greve, P.; Gottschalk, P.; Poffet, D.; McGrath, S.P.; Seneviratne, S.I.; Smith, P.; Winkel, L.H. Selenium
deficiency risk predicted to increase under future climate change. Proc. Natl. Acad. Sci. USA 2017, 114, 2848–2853. [CrossRef]
[PubMed]

76. Combs, G.F., Jr. Biomarkers of selenium status. Nutrients 2015, 7, 2209–2236. [CrossRef]
77. Wingler, K.; Bocher, M.; Flohe, L.; Kollmus, H.; Brigelius-Flohe, R. mRNA stability and selenocysteine insertion sequence efficiency

rank gastrointestinal glutathione peroxidase high in the hierarchy of selenoproteins. Eur. J. Biochem. 1999, 259, 149–157. [CrossRef]
78. Morbitzer, M.; Herget, T. Expression of gastrointestinal glutathione peroxidase is inversely correlated to the presence of hepatitis

C virus subgenomic RNA in human liver cells. J. Biol. Chem. 2005, 280, 8831–8841. [CrossRef]
79. Touat-Hamici, Z.; Bulteau, A.L.; Bianga, J.; Jean-Jacques, H.; Szpunar, J.; Lobinski, R.; Chavatte, L. Selenium-regulated hierarchy

of human selenoproteome in cancerous and immortalized cells lines. Biochim. Biophys. Acta Gen. Subj. 2018, 1862, 2493–2505.
[CrossRef]

80. Leist, M.; Raab, B.; Maurer, S.; Rosick, U.; Brigelius-Flohe, R. Conventional cell culture media do not adequately supply cells with
antioxidants and thus facilitate peroxide-induced genotoxicity. Free Radic. Biol. Med. 1996, 21, 297–306. [CrossRef]

81. Behan, F.M.; Iorio, F.; Picco, G.; Gonçalves, E.; Beaver, C.M.; Migliardi, G.; Santos, R.; Rao, Y.; Sassi, F.; Pinnelli, M.; et al.
Prioritization of cancer therapeutic targets using CRISPR-Cas9 screens. Nature 2019, 568, 511–516. [CrossRef] [PubMed]

82. Forman, H.J.; Maiorino, M.; Ursini, F. Signaling functions of reactive oxygen species. Biochemistry 2010, 49, 835–842. [CrossRef]
[PubMed]

83. Esworthy, R.S.; Baker, M.A.; Chu, F.F. Expression of selenium-dependent glutathione peroxidase in human breast tumor cell lines.
Cancer Res. 1995, 55, 957–962. [PubMed]

84. Xu, H.; Hu, C.; Wang, Y.; Shi, Y.; Yuan, L.; Xu, J.; Zhang, Y.; Chen, J.; Wei, Q.; Qin, J.; et al. Glutathione peroxidase 2 knockdown
suppresses gastric cancer progression and metastasis via regulation of kynurenine metabolism. Oncogene 2023, 42, 1994–2006.
[CrossRef]

85. Chu, F.F.; Esworthy, R.S.; Lee, L.; Wilczynski, S. Retinoic acid induces Gpx2 gene expression in MCF-7 human breast cancer cells.
J. Nutr. 1999, 129, 1846–1854. [CrossRef]

86. Wang, M.; Chen, X.; Fu, G.; Ge, M. Glutathione peroxidase 2 overexpression promotes malignant progression and cisplatin
resistance of KRAS-mutated lung cancer cells. Oncol. Rep. 2022, 48, 207. [CrossRef]

87. Tan, W.; Zhang, K.; Chen, X.; Yang, L.; Zhu, S.; Wei, Y.; Xie, Z.; Chen, Y.; Shang, C. GPX2 is a potential therapeutic target to induce
cell apoptosis in lenvatinib against hepatocellular carcinoma. J. Adv. Res. 2023, 44, 173–183. [CrossRef]

88. Wang, Y.; Cao, P.; Alshwmi, M.; Jiang, N.; Xiao, Z.; Jiang, F.; Gu, J.; Wang, X.; Sun, X.; Li, S. GPX2 suppression of H2O2
stress regulates cervical cancer metastasis and apoptosis via activation of the β-catenin-WNT pathway. Onco Targets Ther. 2019,
12, 6639–6651. [CrossRef]

89. Aktar, K.; Kafi, A.; Dahiya, R. Association of Gpx1 fluctuation in cell cycle progression. Vitr. Cell. Dev. Biol. Anim. 2019, 55, 94–103.
[CrossRef]

90. Yang, M.; Zhu, X.; Shen, Y.; He, Q.; Qin, Y.; Shao, Y.; Yuan, L.; Ye, H. GPX2 predicts recurrence-free survival and triggers the
Wnt/β-catenin/EMT pathway in prostate cancer. PeerJ 2022, 10, e14263. [CrossRef]

91. Liu, F.; Zhou, Q.; Jiang, H.F.; Zhang, T.T.; Miao, C.; Xu, X.H.; Wu, J.X.; Yin, S.L.; Xu, S.J.; Peng, J.Y.; et al. Piperlongumine
conquers temozolomide chemoradiotherapy resistance to achieve immune cure in refractory glioblastoma via boosting oxidative
stress-inflamation-CD8+-T cell immunity. J. Exp. Clin. Cancer Res. 2023, 42, 118. [CrossRef] [PubMed]

https://doi.org/10.1093/carcin/bgu048
https://doi.org/10.1183/09031936.00026108
https://doi.org/10.1158/0008-5472.CAN-05-1948
https://doi.org/10.1111/his.12116
https://doi.org/10.2174/156652412798376134
https://doi.org/10.3390/ijms20112683
https://www.ncbi.nlm.nih.gov/pubmed/31159154
https://doi.org/10.1096/fba.2022-00045
https://www.ncbi.nlm.nih.gov/pubmed/37287867
https://doi.org/10.1016/j.molmed.2019.04.012
https://www.ncbi.nlm.nih.gov/pubmed/31155338
https://doi.org/10.1186/s12885-016-2462-3
https://doi.org/10.1073/pnas.1611576114
https://www.ncbi.nlm.nih.gov/pubmed/28223487
https://doi.org/10.3390/nu7042209
https://doi.org/10.1046/j.1432-1327.1999.00012.x
https://doi.org/10.1074/jbc.M413730200
https://doi.org/10.1016/j.bbagen.2018.04.012
https://doi.org/10.1016/0891-5849(96)00045-7
https://doi.org/10.1038/s41586-019-1103-9
https://www.ncbi.nlm.nih.gov/pubmed/30971826
https://doi.org/10.1021/bi9020378
https://www.ncbi.nlm.nih.gov/pubmed/20050630
https://www.ncbi.nlm.nih.gov/pubmed/7850813
https://doi.org/10.1038/s41388-023-02708-4
https://doi.org/10.1093/jn/129.10.1846
https://doi.org/10.3892/or.2022.8422
https://doi.org/10.1016/j.jare.2022.03.012
https://doi.org/10.2147/OTT.S208781
https://doi.org/10.1007/s11626-018-00314-3
https://doi.org/10.7717/peerj.14263
https://doi.org/10.1186/s13046-023-02686-1
https://www.ncbi.nlm.nih.gov/pubmed/37161450


BioMedInformatics 2023, 3 1013

92. Guo, B.; Liao, W.; Wang, S. The clinical significance of glutathione peroxidase 2 in glioblastoma multiforme. Transl. Neurosci. 2021,
12, 32–39. [CrossRef] [PubMed]

93. Dannenmann, B.; Lehle, S.; Hildebrand, D.G.; Kübler, A.; Grondona, P.; Schmid, V.; Holzer, K.; Fröschl, M.; Essmann, F.; Rothfuss,
O.; et al. High glutathione and glutathione peroxidase-2 levels mediate cell-type-specific DNA damage protection in human
induced pluripotent stem cells. Stem Cell Rep. 2015, 4, 886–898. [CrossRef] [PubMed]

94. Soyalan, B.; Minn, J.; Schmitz, H.J.; Schrenk, D.; Will, F.; Dietrich, H.; Baum, M.; Eisenbrand, G.; Janzowski, C. Apple juice
intervention modulates expression of ARE-dependent genes in rat colon and liver. Eur. J. Nutr. 2011, 50, 135–143. [CrossRef]

95. Ahmed, K.M.; Veeramachaneni, R.; Deng, D.; Putluri, N.; Putluri, V.; Cardenas, M.F.; Wheeler, D.A.; Decker, W.K.; Frederick, A.I.;
Kazi, S.; et al. Glutathione peroxidase 2 is a metabolic driver of the tumor immune microenvironment and immune checkpoint
inhibitor response. J. Immunother. Cancer 2022, 10, e004752. [CrossRef]

96. Derakhshan Nazari, M.H.; Askari Dastjerdi, R.; Ghaedi Talkhouncheh, P.; Bereimipour, A.; Mollasalehi, H.; Mahshad, A.A.; Razi,
A.; Nazari, M.H.; Ebrahimi Sadrabadi, A.; Taleahmad, S. GPX2 and BMP4 as Significant Molecular Alterations in The Lung
Adenocarcinoma Progression: Integrated Bioinformatics Analysis. Cell J. 2022, 24, 302–308. [CrossRef]

97. Li, Y.P.; Lin, R.; Chang, M.Z.; Ai, Y.J.; Ye, S.P.; Han, H.M.; Zhang, Y.Y.; Mou, H.; Mu, R.H.; Guo, X. The Effect of GPX2 on the
Prognosis of Lung Adenocarcinoma Diagnosis and Proliferation, Migration, and Epithelial Mesenchymal Transition. J. Oncol.
2022, 2022, 7379157. [CrossRef]

98. Iakoubova, O.A.; Pacella, L.A.; Her, H.; Beier, D.R. LTW4 protein on mouse chromosome 1 is a member of a family of antioxidant
proteins. Genomics 1997, 42, 474–478. [CrossRef]

99. Hammad, G.; Legrain, Y.; Touat-Hamici, Z.; Duhieu, S.; Cornu, D.; Bulteau, A.L.; Chavatte, L. Interplay between Selenium Levels
and Replicative Senescence in WI-38 Human Fibroblasts: A Proteomic Approach. Antioxidants 2018, 7, 19. [CrossRef]

100. He, Y.J.; Li, W.L.; Liu, B.H.; Dong, H.; Mou, Z.R.; Wu, Y.Z. Identification of differential proteins in colorectal cancer cells treated
with caffeic acid phenethyl ester. World J. Gastroenterol. 2014, 20, 11840–11849. [CrossRef]

101. Chanson, A.; Sayd, T.; Rock, E.; Chambon, C.; Santé-Lhoutellier, V.; Potier de Courcy, G.; Brachet, P. Proteomic analysis reveals
changes in the liver protein pattern of rats exposed to dietary folate deficiency. J. Nutr. 2005, 135, 2524–2529. [CrossRef] [PubMed]

102. Rodger, E.J.; Porteous, C.M.; Jones, G.T.; Legge, M.; Kleffmann, T.; McCormick, S.P.A. Proteomic Analysis of Liver from Human
Lipoprotein(a) Transgenic Mice Shows an Oxidative Stress and Lipid Export Response. Biomed Res. Int. 2018, 2018, 4963942.
[CrossRef] [PubMed]

103. Wang, Q.Y.; Liu, Z.S.; Wang, J.; Wang, H.X.; Li, A.; Yang, Y.; Wang, X.Z.; Zhao, Y.Q.; Han, Q.Y.; Cai, H.; et al. Glutathione
peroxidase-1 is required for self-renewal of murine embryonic stem cells. Biochem. Biophys. Res. Commun. 2014, 448, 454–460.
[CrossRef] [PubMed]

104. Simões, T.; Charro, N.; Blonder, J.; Faria, D.; Couto, F.M.; Chan, K.C.; Waybright, T.; Isaaq, H.J.; Veenstra, T.D.; Penque, D.
Molecular profiling of the human nasal epithelium: A proteomics approach. J. Proteom. 2011, 75, 56–69. [CrossRef] [PubMed]

105. Rajcevic, U.; Knol, J.C.; Piersma, S.; Bougnaud, S.; Fack, F.; Sundlisaeter, E.; Søndenaa, K.; Myklebust, R.; Pham, T.V.; Niclou, S.P.;
et al. Colorectal cancer derived organotypic spheroids maintain essential tissue characteristics but adapt their metabolism in
culture. Proteome Sci. 2014, 12, 39. [CrossRef]

106. Chae, H.Z.; Kim, H.J.; Kang, S.W.; Rhee, S.G. Characterization of three isoforms of mammalian peroxiredoxin that reduce
peroxides in the presence of thioredoxin. Diabetes Res. Clin. Pract. 1999, 45, 101–112. [CrossRef]

107. Winterbourn, C.C.; Hampton, M.B. Thiol chemistry and specificity in redox signaling. Free Radic. Biol. Med. 2008, 45, 549–561.
[CrossRef]

108. Sonet, J.; Bulteau, A.L.; Touat-Hamici, Z.; Mosca, M.; Bierla, K.; Mounicou, S.; Lobinski, R.; Chavatte, L. Selenoproteome
Expression Studied by Non-Radioactive Isotopic Selenium-Labeling in Human Cell Lines. Int. J. Mol. Sci. 2021, 22, 7308.
[CrossRef]

109. Lennicke, C.; Rahn, J.; Wickenhauser, C.; Lichtenfels, R.; Müller, A.S.; Wessjohann, L.A.; Kipp, A.P.; Seliger, B. Loss of epithelium-
specific GPx2 results in aberrant cell fate decisions during intestinal differentiation. Oncotarget 2017, 9, 539–552. [CrossRef]

110. Dihal, A.A.; van der Woude, H.; Hendriksen, P.J.; Charif, H.; Dekker, L.J.; Ijsselstijn, L.; de Boer, V.C.; Alink, G.M.; Burgers, P.C.;
Rietjens, I.M.; et al. Transcriptome and proteome profiling of colon mucosa from quercetin fed F344 rats point to tumor preventive
mechanisms, increased mitochondrial fatty acid degradation and decreased glycolysis. Proteomics 2008, 8, 45–61. [CrossRef]

111. Wu, X.; Yu, R.; Yang, M.; Hu, Y.; Tang, M.; Zhang, S.; Abudourousuli, A.; Li, X.; Li, Z.; Liao, X.; et al. Integrated Analysis of
Glutathione Metabolic Pathway in Pancreatic Cancer. Front. Cell Dev. Biol. 2022, 10, 896136. [CrossRef] [PubMed]

112. Yunna, C.; Mengru, H.; Lei, W.; Weidong, C. Macrophage M1/M2 polarization. Eur. J. Pharmacol. 2020, 877, 173090. [CrossRef]
[PubMed]

113. Cui, Z.; Xu, L.; Wu, H.; Wang, M.; Lu, L.; Wu, S. Glutathione peroxidase 2: A key factor in the development of microsatellite
instability in colon cancer. Pathol. Res. Pract. 2023, 243, 154372. [CrossRef] [PubMed]

114. Wu, Y.; Wang, D.; Lou, Y.; Liu, X.; Huang, P.; Jin, M.; Huang, G. Regulatory mechanism of α-hederin upon cisplatin sensibility in
NSCLC at safe dose by destroying GSS/GSH/GPX2 axis-mediated glutathione oxidation-reduction system. Biomed. Pharmacother.
2022, 150, 112927. [CrossRef] [PubMed]

115. Ren, Z.; Liang, H.; Galbo, P.M., Jr.; Dharmaratne, M.; Kulkarni, A.S.; Fard, A.T.; Aoun, M.L.; Martinez-Lopez, N.; Suyama, K.;
Benard, O.; et al. Redox signaling by glutathione peroxidase 2 links vascular modulation to metabolic plasticity of breast cancer.
Proc. Natl. Acad. Sci. USA 2022, 119, e2107266119. [CrossRef]

https://doi.org/10.1515/tnsci-2021-0005
https://www.ncbi.nlm.nih.gov/pubmed/33552592
https://doi.org/10.1016/j.stemcr.2015.04.004
https://www.ncbi.nlm.nih.gov/pubmed/25937369
https://doi.org/10.1007/s00394-010-0124-9
https://doi.org/10.1136/jitc-2022-004752
https://doi.org/10.22074/cellj.2022.7930
https://doi.org/10.1155/2022/7379157
https://doi.org/10.1006/geno.1997.4762
https://doi.org/10.3390/antiox7010019
https://doi.org/10.3748/wjg.v20.i33.11840
https://doi.org/10.1093/jn/135.11.2524
https://www.ncbi.nlm.nih.gov/pubmed/16251605
https://doi.org/10.1155/2018/4963942
https://www.ncbi.nlm.nih.gov/pubmed/30596094
https://doi.org/10.1016/j.bbrc.2014.04.139
https://www.ncbi.nlm.nih.gov/pubmed/24802396
https://doi.org/10.1016/j.jprot.2011.05.012
https://www.ncbi.nlm.nih.gov/pubmed/21621024
https://doi.org/10.1186/1477-5956-12-39
https://doi.org/10.1016/S0168-8227(99)00037-6
https://doi.org/10.1016/j.freeradbiomed.2008.05.004
https://doi.org/10.3390/ijms22147308
https://doi.org/10.18632/oncotarget.22640
https://doi.org/10.1002/pmic.200700364
https://doi.org/10.3389/fcell.2022.896136
https://www.ncbi.nlm.nih.gov/pubmed/35721499
https://doi.org/10.1016/j.ejphar.2020.173090
https://www.ncbi.nlm.nih.gov/pubmed/32234529
https://doi.org/10.1016/j.prp.2023.154372
https://www.ncbi.nlm.nih.gov/pubmed/36796200
https://doi.org/10.1016/j.biopha.2022.112927
https://www.ncbi.nlm.nih.gov/pubmed/35398749
https://doi.org/10.1073/pnas.2107266119


BioMedInformatics 2023, 3 1014

116. Knoops, B.; Goemaere, J.; Van der Eecken, V.; Declercq, J.P. Peroxiredoxin 5: Structure, mechanism, and function of the mammalian
atypical 2-Cys peroxiredoxin. Antioxid. Redox Signal. 2011, 15, 817–829. [CrossRef]

117. Low, F.M.; Hampton, M.B.; Peskin, A.V.; Winterbourn, C.C. Peroxiredoxin 2 functions as a noncatalytic scavenger of low-level
hydrogen peroxide in the erythrocyte. Blood 2007, 109, 2611–2617. [CrossRef]

118. Cho, C.S.; Lee, S.; Lee, G.T.; Woo, H.A.; Choi, E.J.; Rhee, S.G. Irreversible inactivation of glutathione peroxidase 1 and reversible
inactivation of peroxiredoxin II by H2O2 in red blood cells. Antioxid. Redox Signal. 2010, 12, 1235–1246. [CrossRef]

119. Yang, M.; Luna, L.; Sorbo, J.G.; Alseth, I.; Johansen, R.F.; Backe, P.H.; Danbolt, N.C.; Eide, L.; Bjoras, M. Human OXR1 maintains
mitochondrial DNA integrity and counteracts hydrogen peroxide-induced oxidative stress by regulating antioxidant pathways
involving p21. Free Radic. Biol. Med. 2014, 77, 41–48. [CrossRef]

120. Malard, E.; Valable, S.; Bernaudin, M.; Pérès, E.; Chatre, L. The Reactive Species Interactome in the Brain. Antioxid. Redox Signal.
2021, 35, 1176–1206. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1089/ars.2010.3584
https://doi.org/10.1182/blood-2006-09-048728
https://doi.org/10.1089/ars.2009.2701
https://doi.org/10.1016/j.freeradbiomed.2014.09.003
https://doi.org/10.1089/ars.2020.8238

	Introduction 
	GPX2 in the Scheme of Things 
	Early Characterization and Current Updates on GPX2 
	GPX2 Is Unlikely to Be Unique in Its Action 
	Compartments and Conditions for Major Impact by GPX2 

	Application of Public Database Information in Studies of GPX2 
	Pre-Study Evaluation of Antioxidant Enzymes in Normal Tissues, Cancers, and Cancer-Derived Cell Lines 
	Strengths and Limitations of Available Database Information 
	Building Antioxidant Enzyme Expression Profiles for Tissues and Derived Tumors 
	Tissues with Clearer Zones of GPX2 Expression and High Expression Levels 
	Tissues with Low and Less Certain Range of GPX2 Expression 
	Esophagus Has Moderate Normal Levels GPX2 Expression Levels 

	Selenium as a Variable in Cancer Studies and Use of Cell Lines 
	Building Antioxidant Enzyme Expression Profiles in Tumor-Derived Cell Lines 
	Tumor Purity Metric for Adjusting Apparent Changes in GPX2 Levels 
	Kaplan–Meyer Survival Curves Based on High and Low GPX2 Levels (TPM or IHC Criteria) 
	Matching Cell Lines to Clinical Data Sets to Test Hypotheses about Potential Impact of GPX2 and Mechanism of Action 
	GPX2, Tumor Immune Environment, Metabolomics and Proteomics 
	Proteomics Merged with mRNA Analyses 
	Tumor Immune Environment 
	Metabolomics and GPX2 


	Limitations 
	Summary 
	References

