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Abstract
BACKGROUND
Identifying biomarkers for the risk of developing degenerative processes linked
to aging and colorectal cancer (CRC) onset that could improve clinical strategies.

AIM
To determine valid targets and a predictive biomarker’s system of chronicization
of inflammation for cancer treatment.

METHODS
A group of 147 CRC patients was studied. Clinical diagnosis was confirmed
histopathologically, and patients were sub-typed using the pathological tumor-
node-metastasis classification. Thirteen colon adenoma patients and 219 healthy
subjects were also studied. A system biology study on Thioredoxin1/CD30
redox-immune systems (Trx1/CD30), T helper cytokines and polymorphisms of
killer immunoglobulin-like receptors, FcγRIIa-131H/R and FcγRIIIa-158V/F was
carried out. Enzyme-linked immunosorbent assay was performed to analyze sera.
Genetic study was executed by polymerase chain reaction sequence-specific
primers and sequence-based typing method. Statistical analysis was performed
by using the “Statgraphics software systems”.

RESULTS
We found a positive increase between Trx1/RTrx1 levels and sCD30 level and
increased age. With respect to the gender relationships, there were distinct
differences. Females showed a primary relationship between transforming
growth factor beta (TGFβ) with Trx1, whereas males had one with TGFβ and
RTrx1. Trx1/CD30 controls the redox immune homeostasis, and an imbalance in
the relationship between the Trx1/RTrx1 and sCD30 levels is linked to the onset
and progression of tumor. This event happens through different gender-specific
cytokine pathways. Our study demonstrated that the serum levels of
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Trx1/RTrx1, TGFβ/interleukin (IL)6 and TGFβ/IL4 combinations and the sCD30,
IFNγ and IL2 combination constitute a predictive gender specific biomarker
system. This is relevant for clinical screening to detect the risk of the potential
development or progression of a tumor.

CONCLUSION
Oxidative stress on Trx1/CD30 is a trigger of cancer disease, and the selected
oxidation and immune products are a biomarker system for aging and cancer.

Key words: Aging and cancer biomarker; Cancer personalized treatments; Oxidation and
immune biomarkers; Trx1/CD30 target; KIRs and FcγR polymorphisms; Th cytokines;
Aging and disease; Cancer-related mechanisms
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Core tip: Identifying biomarkers for the risk of developing degenerative processes linked
to aging and colorectal cancer onset could improve clinical strategies. The aim was to
establish if Trx1 and CD30 as dual targets, combined with cytokines and polymorphisms
of killer immunoglobulin-like receptors, FcγRIIa-131H/R and FcγRIIIa-158V/F, was
more effective. Serum measures of Trx1/CD30, RTrx1, multiple cytokine levels and
polymorphisms of killer immunoglobulin-like receptors and FcγRIIa were used to
estimate the effect of disease, age and gender to describe the variants in the biology of
the redox immune system. Through these procedures, the redox immune fingerprint of
health, aging and cancer states was determined.
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INTRODUCTION
We  are  witnessing  a  progressive  rise  in  average  age  and  people  with  chronic
inflammation and degenerative pathologies. Thus, for healthy longevity, it is essential
to improve the prevention strategies for these pathologies in both the healthy subjects
and those who are already ill and need to undergo clinical treatment. However, to
obtain this it is necessary to overcome the difficulties in the early diagnosis of diseases
and effective treatment.  Research[1]  indicates that it  is  necessary to identify valid
physiological parameters to select targets and biomarkers with features that make this
“utopia” realistic  to  formulate  such solving strategies.  Biomarkers  are  generally
selected  by  system  biology  studies  on  biological  parameters  that  affect  the
pathogenesis and evolution of the disease. We suggest that the best ways to make an
early diagnosis of cancer and support clinical and therapeutic monitoring is to employ
serum, tissue and micro-environmental biomarkers.

There is a growing consensus that aging is related to a low-grade inflammatory
state that could cause the loss of physiological  homeostasis and compromise the
functioning of physiological regulatory systems and their mutual communication[2].
This  could cause the development of  a  chronic-inflammatory state,  which could
consequently lead to degenerative processes and to the onset of chronic-degenerative
pathologies related to aging.

To identify valid parameters to select targets and biomarkers, the system biology
study should shed light on the physio and pathological pathways, which regulate the
homeostasis that control inflammation. This clarification is necessary in the transition
from  the  state  of  healthy  (characterized  by  homeostasis  in  the  control  of
inflammation),  to  that  of  temporary  acute  inflammation  (in  which  the  re-
establishment of this equilibrium is yet very probable),  and then on to a chronic
steady  inflammation  condition  (where  this  recovery  is  physiologically  very
improbable, while the risk of progression toward degenerative pathologies is high). In
this way, it will be possible to select the biological molecules, whose variations could
quantify our personal future risk of losing control of inflammation, which could allow
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the tumor to develop and progress. To study the precursor state of colorectal cancer
(CRC)  tumor  it  is  to  be  considered  that  CRC  has  a  stepwise  nature,  and  colon
adenoma has  been  identified  as  a  precursor  of  this  tumor.  Based on  this,  colon
adenoma could be evaluated as a pre-stage of CRC stage I. In the latest directives[3] of
the  European  consortium of  researchers  [European  Cooperation  in  Science  and
Technology (COST)],  the working group on redox biomarkers research networks
indicates oxidation products as redox biomarkers. They refer that biological systems
are influenced by a variety of endogenous and exogenous oxidants able of altering
proteins,  which  could  influence  cell-signaling  pathways  and  take  part  in
inflammatory and chronic diseases.  Therefore,  they indicate the need to increase
understanding of redox biology into advances in these human disease therapies. We
must take into account that  the redox and immune systems are among the most
compromised, in the functioning and their mutual communication, by aging[4]. Men
and women follow different strategies for a healthy long lasting life[4,5]. In fact, they
have  different  physiological  pathways  for  the  regulation  of  immune  response
homeostasis.  Aging-related alterations of  gender  pathways predispose men and
women differently to diseases and therapeutic  response[5,6].  Furthermore,  results
indicate redox immune homeostasis as a target and biomarker for preventing aging-
related immune process and diseases, and T helper (Th) cells are the determinant
elements in age-related pathological immunity[4]. Understanding how environmental
signals  interact  with  T  cell  metabolism  and  redox  state  to  influence  Th  subset
differentiation could clarify how aging compromises immune function. This will
allow identifying the target and biomarkers for new resolving treatments[4].

Consequently,  we  think  that  the  study  of  Trx1/CD30  interactions  could  be
interesting. This investigation could lead to the discovery of gender-specific changes
induced by aging in the control of inflammation and select the above biomarkers for
personalized clinical screening. Our hypothesis is based on the following.

Trx1 is a thermostable redox protein (constituted of 108 amino acids)[7]. It performs
its redox immune functions by regulating the cell thiol redox state of the immune
cells, which is a crucial mediator of multiple metabolic signaling and transcriptional
processes. However, this redox immune regulation can only take place if Trx1 can
interact with its specific target, the CD30 receptor, on the cell membrane. It does this
by going through the subsequent pathways[8] (Figure 1).

Trx1  contains  an  S-S  bridge,  and  it  has  a  catalytic  domain  that  is  a  donor  of
hydrogen for redox reactions. The Trx1 oxidized form (Trx1-S-S-) is converted into the
reduced form (Trx1-SH) by the thioredoxin reductase flavoprotein (RTrx1), with the
involvement of nicotinamide adenine dinucleotide phosphate. All these molecules
constitute the “thioredoxin1 redox-system” (Figure 1A). The reduced Trx1 form (Trx1-
SH) is able to interact with the oxidized CD30 (CD30 S-S) and reduce it (CD30 S-H). It
can only interact in this latter form with its ligand (CD30L) on activated natural killer
(NK), dendritic (DC), monocytes, T, neutrophils, eosinophils and B cells[1,9]. It has now
been established that the normal interaction between these redox-immune molecules
regulates the homeostasis of interferon gamma (IFNγ), interleukin (IL)4, transforming
growth factor beta (TGFβ), IL6, IL10 and IL2 cytokine and cellular pathways. This
homeostasis determines normal balance within Th differentiation in the respective
subtypes (Th1, Th2, Treg, Th9 and Th17)[8-10] and, consequently, the homeostasis of
Trx1/CD30 (Figure 1A).

The importance of cytokines is explained by the fact that the cytokine type in the
cell microenvironment is the most important factor for the above processes. This is
because they activate the specific cell transcription factors for the differentiation of the
corresponding type of Th subset (Figure 1A). Th1 requires T bet[11], Th2 GATA3[12],
Treg cells Forkhead box P3 (Foxp3)[13],  Th17 retinoic acid-related orphan receptor
gt[14,15] and Th9 PU.1 bet[13-15] (Figure 1A). IFNγ mediated signaling induces the first
wave of T-bet expression[11] for the generation of Th1 cells. On the other hand, the
expression  of  GATA-3  that  is  induced  by  IL4  is  a  limited  time  switch  for  the
differentiation of Th2 cells[12]. Moreover, TGFβ is fundamental for the expression of
Foxp3, which generates Treg cells[13]. However, the increase in levels of IL6 can inhibit
the TGFβ driven expression of Foxp3[14,15] and activate the ROR-gt transcription factor,
which triggers Th17 cells. Nevertheless, IL2 inhibits Th17 induction[16]. A significant
IL4 increase also inhibits TGFβ induction of Foxp3 expression, but TGFβ together
with IL4 activate the expression of the PU.1 transcription factor, which generates Th9
cells[16]. IFNγ and IL2 inhibit Th9 generation[16]. Therefore, the normal interaction of all
these  network  elements  determines  redox  immune  system  homeostasis  and
consequently a healthy state during aging for both men and women (Figure 1A).

Significant changes in the levels of these cytokines in the cellular microenvironment
network are polarization biomarkers of inappropriate cell populations that could be
the cause of physiological non-homeostasis and a lack of control of inflammation.
However, it must be pointed out that these changes could also be caused by a lack of
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Figure 1

Figure 1  Trx1/CD30 redox immune regulation. A: Trx1 oxidized form (-S-S-); Trx1 reduced form (-SH); RTrx1; NADPH. CD30 oxidized form (-S-S); CD30 reduced
form (-SH); CD30L; NK, DC, monocytes, T cells, neutrophils, eosinophils and B cells. Trx1/CD30 preserves the healthy state during aging by inducing the integrate
expression of IFNγ IL4, TGFβ, IL6, IL10 and IL2 cell pathways to direct Th differentiation to the respective subtypes (Th1, Th2, Treg, Th9, Th17). The cytokines in the
cell environment activate specific transcription factors for the differentiation of the specific Th subsets. Th1 requires the T bet (Tbet); Th2 the GATA; Treg cells the
Foxp3; Th17 the RORgt; Th9 the PU.1 bet. TGFβ activates the expression of Foxp3, which generates (↑) Treg cells. IL6 inhibits the TGFβ driven expression of Foxp3,
and TGFβ together with IL6 activate the ROR-gt transcription factor, which triggers (↑) Th17 cells. Nevertheless IL2 inhibits (  ) this induction. IL4 also inhibits TGFβ
induction of the Foxp3 expression, but TGFβ together with IL4 activate the expression of the PU.1 transcription factor, which generates (↑) Th9 cells. IFNγ and IL2
inhibit (  ) this generation; B: Deregulation (↓↑) between Trx1/RTrx1 levels and increase (↑) of the sCD30 level cause non-homeostasis of the redox-immune response
and non-CD30 activation, which cause aging gender-specific disease generation. RTrx1: Thioredoxin1 reductase flavoprotein; NADPH: Nicotinamide adenine
dinucleotide phosphate; CD30L: CD30 ligand; NK: Natural killer cells; DC: Dendritic cells; IFNγ: Interferon gamma; IL: Interleukin; TGFβ: Transforming growth factor
beta; Foxp3: Forkhead box P3; RORgt: Retinoic acid-related orphan receptor gt.

regulation at the level of the interaction between Trx1/CD30[8]. As a consequence, it is
interesting to see that the IFNγ pathways are the principal regulators of the male
immune system homeostasis, while the IL6 pathways are regulators of the female
one[17].  In healthy subjects,  the immunological  response is  produced through the
gender-specific pathways, but they usually have no consequences until alterations
occur. In both genders, the immune system produces its own responses and retrieves
its  original  equilibrium,  careless  of  the  original  or  the  evolution  situations.
Conversely, if  modifications take place in the gender pathways and they become
chronic within the physiological network, it could induce a gender specific chronic
non-homeostasis state (Figure 1B). The reason should be looked for in the fact that
alterations in the IFNγ pathways create an unbalance at the level of inhibiting the
effect of these pathways on the Th9 cell generation in men. Likewise, alterations in the
IL6 pathways create an unbalance at the level of the activating effect of IL6 on Th17
cells in women. Therefore, we could consider that changes of gender pathways in the
cytokine cellular microenvironment network could produce different results. The
polarization of Th17 cells plays a key role in autoimmune diseases in women, while
the polarization of Th9 cells has a significant role in degenerative diseases in men[18].
Consequently, the chronicization of the increase of both the cytokine couples that
induce Th17 and Th9 subtype and the decrease of cytokines,  which inhibit  these
pathways, could be considered as predictive biomarkers in the clinical screening of
gender specific susceptibility and clinical course in diseases.

In practice, normal or high levels of both IFNγ and IL2 and a negative relationship
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between TGFβ-IL6 levels in women and TGFβ-IL4 levels in men could be considered
as gender biomarkers of the homeostasis and of non-disease risk. On the contrary, low
levels of both IFNγ and IL2 and a positive TGFβ-IL6 relationship in women and
TGFβ-IL4 in men could be gender biomarkers of non-homeostasis and of high disease
risk.

In normal conditions, Trx1 is able to modify the stoichiometric structure of the
CD30 receptor[19] to allow CD30L (CD153) binding (Figure 1A). To do this, it needs
similar RTrx1 levels. However, the binding site of CD30L could be blocked by an
inappropriate increase in the sCD30 level, with which it has a strong affinity[20]. Thus,
regarding the redox molecules (Figure 1B), the unbalance between the Trx1/RTrx1
levels and an increase in the sCD30 level are also non-homeostasis biomarkers in both
genders. Hence, they are also able to cause non-homeostasis of the redox immune
system through their inhibiting action on the activation of CD30[20].  Therefore, an
alteration between Trx1/RTrx1 levels and an increase of the sCD30 level should be
biomarkers  of  the  non-homeostasis  of  the  redox  immune  system  (i.e.  chronic
inflammation) and high disease risk (Figure 1B).

NK cells provide the first-line of defense against malignant cells thanks to their
ability to kill tumor cells. They can do this by means of cytokine production and cross
talking with the adaptive system. This cooperation is mediated by the interaction
between CD30 on the NK cells and CD30L on the immature DC. This binding induces
the secretion of cytokines by immature DC via the mitogen-activated protein kinase
pathways  and  causes  the  differentiation  of  mature  DC  cells  and  the  release  of
TNF/IFNγ by NK cells. The homeostasis of these interactions allows the generation
of specific DC for the immune response and then for the preservation of good health[9].

A  balance  of  signal  transduction  achieved  by  both  activating  and  inhibitory
receptors[21], among which the killer immunoglobulin-like receptors (KIRs) play an
important regulatory function, regulates NK cell activity. KIR polymorphisms and
their  interaction with  HLA alleles  may influence  susceptibility  to  inflammatory
diseases, viral infections and malignancies. It is known that KIR2DL1 and KIR2DS1
bind to HLA-C2, and KIR2DL3, KIR2DS2 and KIR2DL2 bind to HLA-C1. Up to now,
specificities of the remaining KIRs are still unknown.

Furthermore,  antibody-dependent  cell-mediated  cytotoxicity  (ADCC)  is  an
important mechanism of defense of the immune system in the killing of tumor cells.
The receptors for the Fc domain of immunoglobulin G (FcgR), which interact with
antibodies linked to their cognate antigens, give a crossing point between specific
humoral and cellular immunity. They appear to be the only molecules on human
myeloid cells that are able to mediate the ADCC of tumors and may be important in
antibody therapy against cancer. FcgRs are expressed in a wide variety of human
leukocytes. Several FcR subtypes have been identified and can be distinguished by
their affinity for the antibody Fc-fragment and by the signaling pathway they induce.
In humans, there are activating FcγRI (CD64), FcγRIIa (CD32A), FcγRIIc (CD32C),
FcγRIIIa (CD16A) and FcγRIIIb (CD16B) and inhibitory FcγRIIb (CD32B)[22].  Some
polymorphisms of  FcgR have been identified and could have significant  clinical
relevance[23]. FcγRIIIa and FcγRIIa transmit activating signals to NK lymphocytes and
myeloid cells,  thus assuring the connection between the innate and the adaptive
immune responses. FcγRIIIa is expressed in NK lymphocytes and macrophages, while
FcγRIIa is widely expressed in myeloid cells[24] . Two functional polymorphisms of
human FcgRIIa and FcgRIIIa have been identified in the extracellular regions of these
receptors:  phenylalanine/valine-158  of  FcgRIIIa  (FcgRIIIa-158F/V)  and
histidine/arginine-131 of FcgRIIa (FcgRIIa-131H/R). They both modulate their affinity
for certain human immunoglobulin G subclasses[25,26]. Clinical studies have reported
that the presence of FcgRIIa-131H/H  and FcgRIIIa-158V/V  genotypes is associated
with a more efficient ADCC antitumor response. Therefore, the FcγRIIa-131H/R and
the FcγRIIIa-158V/F polymorphisms are early biomarkers because they are valid as
genetic stratification parameters for quantifying the percentage of risk forecast by
Trx1/CD30. Consequently, research on Trx1/CD30 must be considered very useful
for the formulation of personalized clinical solving strategies to improve healthy
aging  and  tumor  treatment.  In  view  of  this,  in  order  to  validate  or  refute  our
hypothesis  about  the  potential  benefits  of  Trx1/CD30  screening  in  predictive
medicine, the interactions between serum levels of Trx1, RTrx1 sCD30 molecules and
Treg, Th1, Th9, Th17 cytokines with the polymorphism of KIRs, FcγRIIa-131H/R and
FcγRIIIa-158V/F  were  examined.  A  redox-immune  biological  system study  was
carried out in healthy, adenoma and CRC individuals.

MATERIALS AND METHODS
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Human  study  was  performed  in  accordance  with  the  standards  of  the  Ethics
Committee (Good clinical practice, No. 18-Prot. n 43/C.E), and all persons gave their
written informed consent prior to their inclusion in the study.

Patients and healthy subjects
We studied a group of 147 patients (90 men and 57 women), distribution of age (66.7 ±
0.1; minimum 44, maximum 90), who were diagnosed for the first time as having CRC
and had to undergo colectomy (Supplement Table 1). Distribution of age in male and
female groups was the same (respectively: 67.3 ± 1.1 and 68 ± 1.4, P = 0.70).

Clinical diagnosis was confirmed histopathologically and patients were sub-typed
using  the  pathological  tumor-node-metastasis  classification  (according  to  the
diagnostic criteria of the American Joint Committee on Cancer and the Committee of
the International Union Against Cancer), as follows: 32 stage I (men 22, women 10), 59
stage II (men 34, women 25), 34 stage III (men 17, women 17), 22 stage IV, (men 17,
women 5). Distribution of age in male and female stage groups was the same: stage I
(men 67.7 ± 2.4, women 64.4 ± 3.1, P = 0.25), stage II (men 67,3 ± 1.9, women 70.7 ± 1.5,
P = 0.40), stage III (men 64,5 ± 2.6, women 65.4 ± 3.3, P = 0.78), stage IV (men 71.7 ±
2.5, women 67.6 ± 5.3, P = 0.55).

A group of  13  colon adenoma patients  (five  men and eight  women)  was  also
studied. Distribution of age in the male and female groups was the same (men: 67.8 ±
3.6; women 69.8 ± 4.3, P = 0.94). Clinical diagnosis was confirmed histopathologically.

A  group  of  219  healthy  subjects  was  also  studied  (130  men  and  89  women).
Distribution of age (51 ± 1.1; minimum 22, maximum 100). None of the subjects was
receiving concurrent drug treatment including widely used pharmaceuticals, such as
salicylates and sex hormones (contraceptive pill,  hormone replacement therapy).
Distribution of age in the male and female groups was the same (respectively: 50.0 ±
1.2 and 52.0 ± 1.9, P = 0.70).

A genetic study was carried out in a subgroup of 52 healthy subjects (19 men, 33
women), 34 CRC patients (22 men, 12 women), and five adenoma patients (one man,
four women) matched for  age (66.6  ±  13.8  in  healthy subjects;  71.5  ±  8.6  in  CRC
patients; 67.0 ± 12.4 in adenomas)

Experimental design
In physiological systems, the different components operate as a network. They vary
dynamically and co-vary with each other. Therefore, the comprehension of how the
gender-specific physio-pathological pathways of the redox immune systems interfere
with aging and lead to diseases can only be achieved through a system biology study.
Due to the complexity of network biological systems, this study requires the use of
models  of  the  redox  immunological  system,  which  provide  a  framework  for
determining the outcome and significance of the numerous and simultaneous time-
dependent and space-dependent network relationships[27,28].

We  designed  an  experimental  approach  based  on  the  use  of  data-driven
computational models of the redox immune response of the health and tumor states.
The models were performed by using redox immunological molecules, phenotypic
antigens cellular expression, genetic polymorphisms and clinical parameters.

To evaluate the obtained results, we worked on the assumption that the balance
between the levels of IL2, IFNγ, IL4, IL6, IL10 and the TGFβ cytokine network, in the
healthy subject state, is a biomarker of the homeostasis of the Th1, Th2, Treg, Th9 or
Th17 cell network and homeostasis of the immune response. The cytokine receptors
and cytokines used were sIL2R, sIL6R, IL2, IFNγ, IL4, IL6, IL10 and TGFβ. Levels of
Trx1,  RTrx1 and sCD30 were determined.  Network activation was evaluated by
including the serum levels of sIL2R and sIL6R, which were used as markers, in the
network[28].

Cytokine and cytokine receptor determination in serum
Sera from patients and the healthy controls, collected within 1 h of withdrawal were
centrifuged at 250 g and stored frozen in aliquots at -80°C until use. Enzyme-linked
immunosorbent assays were employed. This method has been described in detail
elsewhere[28]. The sensitivities of these assays were as follows: sIL2R = 0.27 ng/mL, IL2
= 9.1 pg/mL, IL4 = 1.3 pg/mL, IL6 = 0.92 pg/mL, IFNγ = 0.99 pg/mL, sCD30 = 0.33
ng/mL,  sIL6R =  0.01  ng/mL,  TGFβ =  8.6  pg/mL (Bender  Med Systems  GmbH,
eBioscience, Inc., Vienna, Austria), RTrx1 < 0.135 ng/mL, Trx1 < 13.1 pg/mL (Cloud-
Clone Corp., Houston, TX, United States)

Analysis of phenotypic antigens
The  expression  of  phenotypic  antigens  on  the  surface  of  peripheral  blood
mononuclear cells was determined using monoclonal antibodies of CD3, CD8, CD16,
CD56, CD57 receptors (Becton Dickinson). Peripheral blood mononuclear cells were
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separated by centrifugation over a Ficoll/Hypaque gradient (20 min, 1000 g). Briefly,
the cells were washed twice in phosphate buffered saline (PBS) and resuspended at 5
× 106 cells/mL.  One hundred microliters  were  utilized for  each marker.  A 20  L
sample of fluorescein-isothiocyanate-conjugated antibody was added, vortexed and
incubated in ice for 30 min. The sample was then washed twice and resuspended in
0.5  mL  cold  PBS  for  subsequent  fluorescent-activated  flow  cytometer  analysis.
(Cytofluorograf-IIs, OrthoDiagnostic Systems Inc., Westwood, MA, United States)

DNA extraction
Genomic DNA was extracted from whole blood of 52 healthy subjects (19 men, 33
women), 34 CRC patients (22 men, 12 women), and five adenoma patients (one man,
four women) according to the manufacturer’s protocol (QIAamp DNA blood MiniKit,
Qiagen, Courtaboeuf, France) and kept at −20°C until use. DNA concentration and
purity  were  determined using  a  spectrophotometer  (Beckman Instruments,  Inc.
Fullerton, CA, United States).

KIR genotyping
KIR genotyping was performed using polymerase chain reaction sequence-specific
primers (PCR-SSP) for 17 KIR genes (KIR2DL1, 2DL2, 2DL3, 2DL4, 2DL5A, 2DL5B,
2DS1, 2DS2, 2DS3, 2DS4del and 2DS4ins, 2DS5, 3DL1, 3DL2, 3DL3, 3DS1 and 2DP1,
3DP1  pseudogenes) (KIR Typing Kit,  MACS Molecular, Miltenyi Biotec, Bergisch
Gladbach,  Germany),  with  a  genomic  DNA control  for  contamination,  a  β-actin
positive control and a negative control. PCR products were analyzed on a 2% agarose
gel  electrophoresis  containing  ethidium  bromide  and  photo  documented  on
ultraviolet trans-illuminator.

KIR genotyping is utilized for the analysis of gene content and the categorization of
A/B haplotypes as well as for prediction of NK cell reactivity in autologous and allo
NK cell-based immunotherapy. The A haplotype contains several inhibitory KIR
genes and only one activating KIR (KIR2DS4). Conversely, B haplotype displays more
activating KIR genes (KIR2DS1, KIR2DS2, KIR2DS3, KIR2DS5 and KIR3DS1). Based
on the linkage disequilibrium between particular alleles of different KIR loci, within B
haplotype,  two  gene  clusters  were  identified.  The  first  group  consists  of  four
centromeric KIR genes (C4 group): KIR2DS2-2DL2-2DS3-2DL5B. The second group
contains telomeric genes (T4 group) including KIR2DL5A-3DS1-2DS5-2DS1. By the
presence or absence of C4 and T4 clusters, four possible subsets could be present:
CXT4, C4T4, C4TX and CXTX.

Analysis of FcγRIIa-H131R and FcγRIIIa-V158F polymorphisms
Two different Fcγ receptor polymorphisms, FcγRIIa-H131R (rs1801274) and FcγRIIIa-
V158F  (rs396991)  were  performed  using  sequence-based  typing  method.  DNA
segments were amplified by PCR using the following primers set; FcγRIIa-131H/R:
forward  primer  5’-GGAGAAACCATCATGCTGAG-3’  and  reverse  primer  5’-
CAATTTTGCTGCTATGGGC-3’ and for FcγRIIIa-158V/F: forward primer 5’- TGT
AAA ACG ACG GCC AGT TCA TCA TAA TTC TGT CTT CT-3’;  reverse primer
5’–CAG GAA ACA GCT ATG ACC CTT GAG TGA TGG TGA TGT TCA-3’.

Briefly,  amplifications  were  performed  on  50  ng  of  genomic  DNA  per  50  µL
reaction. PCR products were then electrophoresed in 1.5% agarose gel containing 0.5
mg/mL ethidium bromide. Amplified products were purified and sequenced using
Big Dye Terminator Chemistry (Applied Biosystems, Foster City, CA, United States)
on  an  ABI  Prism  3130  Genetic  Analyzer  (PE  Applied  Biosystems).  Sequencing
reactions were purified,  and the typing was obtained based on alignment of  the
processed sequences with the reference sequence retrieved from GenBank.

Biostatistic statement
The first  author Anna Maria Berghella,  who is  an expert  in biomedical  statistics,
performed the statistical study. Statistical techniques were adequate, correct and in
accordance with the guidelines of the Baishideng Publishing Group. The methods
have been adequately described and only homogeneous data were averaged.

Statistical analysis
The  identification  of  Trx1/CD30,  sCD30  and  Treg,  Th1,  Th9,  Th17  gender
physiological pathways and biomarkers can only be achieved through procedures
that  take  into  account  the  biological  characteristics  of  the  systems.  This  type  of
methodology is suitable for multiple component network evaluation in biological
systems. Therefore, we firstly determined the serum levels of the parameters (Table 1).
Next,  we determined the statistical  differences by using,  where appropriate,  the
Mann-Whitney U test, the Student's t-test (values are expressed as mean ± SD). The
FcγRIIa  and FcγRIIIa  polymorphism frequencies  in  Healthy  Subject  and Tumor
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Patients, expressed as percentages, were made by using Chi-square (χ2) of goodness-
of-fit statistic. Then, through the multivariate statistical procedures of correlation
analysis, we evaluated the matrix of correlation of all the redox immune and clinical
parameters. Finally, we studied the behavior of the multi component redox immune
system as a network, by using “data driven computational models” of the principal
component analysis (PCA) multivariate statistical procedures. These mathematical
models only show the significant parameters. In this way, through the correlation
coefficient matrix of parameters, PCA measures if the variance of each constituent can
be  explained  by  its  relationships  with  all  the  other  ones  and  then  provides
information about the most meaningful parameters.

The statistical study was performed by using the “Statgraphics software systems”
(full system 5.25 version 4.0”- Graphics system by Statistical Graphics Corporation Ed.
United States. 1989). Values of P < 0.05 were considered significant. A diagnostic test
evaluation  calculator/MedCalc-statistical  software  (version  17.4)  was  used  to
compare the outcomes of the patients according to FcγR polymorphisms.

The multivariate statistical procedure analyzed the correlation between the linear
associations, producing the matrix of correlation coefficients (which vary from –1 to
+1) and the significances (P). This procedure allowed a dynamic analysis. A positive
correlation indicates that the parameters vary in the same direction, while a negative
one indicates that the parameters vary in the opposite direction. Other changes are
considered  negative.  Statistically  independent  parameters  have  an  expected
correlation of zero.

Using the PCA, we plotted the network of the vectors of the parameters, which
were obtained by analyzing the data matrix of correlation coefficients between them.
Through these plots, we can clarify the interaction between the redox and immune
systems in both healthy aging and tumor progression. The length of each vector is
proportional to its contribution to the total parameter variance; the angle between
vectors is inversely proportional to the degree of correlation between vectors. Acute
angles  indicate  positive  relationships,  while  obtuse  ones  indicate  negative
relationships.

RESULTS

Trx1/CD30 controls the redox-immune homeostasis of the healthy individuals, as
they get older
Figures 2-7 describe the physio-pathological network that regulates both the redox
immune homeostasis and non-homeostasis states. The PCA plots of serum profile in
the healthy state show that the positively related increase between the Trx1/RTrx1
levels and increase in sCD30 level (in red in Figure 2A) produced a positively related
increase in the IFNγ and IL2 levels (in black in Figure 2A) and negatively related
increases between levels of TGFβ-IL6 and TGFβ-IL4 (in yellow in Figure 2A).

The role of the above-mentioned relationships, as biomarkers of health homeostasis
during aging, is showed by their relationships with the age vector (Figure 2B). The
data show that the positively related increase between age (in black in Figure 2B) and
Trx1/RTrx1 and sCD30 levels (in red in Figure 2B) determine a positively related
increase between the IFNγ and IL2 levels  (in black in Figure 2B)  and negatively
related increases between levels of TGFβ-IL6 and TGFβ-IL4 (in yellow in Figure 2B).
Furthermore,  the results confirm that the most relevant aging relationship is  the
positive correlation between Trx1/RTrx1. These vectors are very close to each other,
go in the same direction and are close to the age vector. This situation indicates that
during aging the level variations (their activity) of Trx1 and RTrx1 molecules must
necessarily  occur  in  the  same  phase  of  the  response  and  in  the  same  direction
(increase or decrease).

In  the  matrix  of  coefficient  correlations,  there  are  the  following  positive  and
negative significant values of the above described relationships. The positive ones are
Trx1 with RTrx1 (r = 0.65, P = 0.00001), Trx1 and RTrx1 with IL10 (Trx1 r = 0.58, P =
0.0001; RTrx1 r = 0.40, P = 0.0067), RTrx1 with IL6 (r = 0.34, P = 0.024), IL2 with IFNγ
(r = 0.56, P = 0.0002) and IFNγ with IL4 (r = 0.52, P = 0.0005). The negative ones are
Trx1 e RTrx1 with IL4 (Trx1 r = -0.30 P = 0.040; RTrx1 r= -0.38, P = 0.01) and RTrx1
with both sIL6R (r= -0.39, P = 0.0087) and IFNγ (r= -0.30, P = 0.028).

In addition, it is interesting to see that in order to preserve the homeostasis during
aging, if there is an increase in Trx1 (r = 0.46, P = 0.0019), RTrx1(r = 055, P = 0.00001),
IL6 (r = 0.36, P = 0.015), IL10 (r = 0.46, P = 0.0022) there must also be one in IL2 (r =
0.39, P = 0.0078).

Which are the gender-specific pathways of the physiological interaction between
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Table 1  Levels of cytokines, soluble receptors and redox system molecules in healthy subject
adenoma subject and tumor patients groups

HS Men Women Men vs womendifferences

Trx1 107.6 ± 12.2 124.3 ± 22.7 98.0 ± 14.0 NS

RTrx1 2.2 ± 0.2 2.7 ± 0.4 2.0 ± 0.2 NS

sCD30 8.0 ± 0.7 6.7 ± 0.9 8.9 ± 1.0 NS

TGFβ 14800.0 ± 498.2 15150.2 ± 906.5 14598.3 ± 594.8 NS

IL2 53.6 ± 4.8 42.1 ± 5.7 70.0 ± 8.1 NS

IFNγ 69.4 ± 6.9 53.9 ± 9.6 92.0 ± 9.5 NS

IL4 9.4 ± 0.6 8.0 ± 0.8 11.4 ± 0.9 P < 0.00001

IL6 4.1 ± 0.8 2.7 ± 0.6 5.3 ± 1.5 P = 0.001

IL10 5.2 ± 0.7 4.8 ± 0.5 5.9 ± 1.7 NS

sIL2R 250.0 ± 10.4 238.6 ± 12.5 260.6 ± 16.4 P = 0.00009

sIL6R 70.7 ± 4.0 67.4 ± 6.0 73.5 ± 5.4 NS

AS

Trx1 649.5 ± 60.6 637.9 ± 112.7 656.7 ± 75.5 NS

RTrx1 3.24 ± 0.27 3.4 ± 0.4 3.1 ± 0.37 NS

sCD30 10.7 ± 2.5 8.5 ± 3.1 12.1 ± 3.7 NS

TGFβ 24474.3 ± 665.8 25050.0 ± 1582.4 24114.5 ± 540.8 NS

IL2 39.9 ± 23.5 19.2 ± 1.4 52.8 ± 38.4 NS

IFNγ 98.3 ± 17.5 130.9  ± 35.3 78.0 ± 16.1 NS

IL4 25.5 ± 4.5 15.2 ± 5.4 31.9 ± 5.5 NS

IL6 6.2 ± 2.1 0.5 ± 0.4 9.8 ± 2.8 NS

IL10 7.1 ± 0.9 7.3 ± 2.1 6.9 ± 1.0 NS

sIL2R 295.9 ± 26.7 285.6 ± 50.2 302.3 ± 32.7 NS

sIL6R 146.2 ± 11.2 154.9 ± 20.2 140.7 ± 13.7 NS

TP

Trx1 1125.0 ± 72.5 1083.7 ± 104.3 1086.3 ± 108.1 NS

RTrx1 3.5 ± 0.5 3.4 ± 0.6 4.4 ± 1.0 NS

sCD30 18.0 ± 2.8 21.3 ± 2.9 17.8 ± 4.0 NS

TGFβ 65331.7 ± 6852.0 69385.9 ± 7400.6 70296.5 ± 16452.3 NS

IL2 16.1 ± 3.6 11.2 ± 1.9 16.1 ± 2.5 NS

IFNγ 140.0 ± 14.4 135.2 ± 7.2 140.0 ± 11.4 NS

IL4 160.5 ± 20.5 186.2 ± 33.8 151.6 ± 60.5 NS

IL6 140.0 ± 46.0 139.5 ± 50.3 176.1 ± 92.0 NS

IL10 31.4 ± 6.4 37.7 ± 9.1 22.2 ± 5.7 NS

sIL2R 532.2 ± 21.8 545.2 ± 29.0 504.2 ± 44.7 NS

HS vs AS: Trx1 P = 0.009; RTrx1 P = 0.008; TGFβ P = 0.04; IFNγ P = 0.01; IL6 P = 0.0004; IL10 P = 0.002; sIL2R
P < 0.00001; sIL6R P ≤ 0.00001; HS vs TP: Trx1 P < 0.00001; RTrx1 P < 0.00001; sCD30 P < 0.00001; TGFβ P <
0.00001; IL2 P < 0.00001; IFNγ P < 0.00001; IL4 P < 0.00001; IL6 P < 0.00001; IL10 P < 0.00001; sIL2R P <
0.00001; sIL6R P < 0.00001; IL10 P < 0.00001; sIL2R P < 0.00001; sIL6R P < 0.00001. HS: Healthy subject; AS:
Adenoma subject; TP: Tumor patients.

the Trx1/CD30 in the control of the redox-immune homeostasis during aging?
The results of the evaluation of the effect of the gender parameter, on the interaction
of the immune response network, clarify that the Trx1/CD30 controls the homeostasis
of  this  response  in  both  men (Figure  2C and D)  and  women (Figure  2E  and  F).
Moreover, we can confirm that this regulation follows gender-specific pathways.

We  found  that  for  both  genders  the  direct  and  close  relationship  between
Trx1/RTrx1 and of this one with TGFβ are equally important. However, the female
group shows a primary correlation of TGFβ with Trx1 (Figure 2E), while for the male
one it is between TGFβ and RTrx1 (Figure 2C). In addition, in both genders the level
of  sCD30  shows  a  correlation  with  the  level  of  IL10,  which  is  a  cytokine  very
important for immune response homeostasis. Our results showed that the correlation
is positive in the male group (Figure 2C) and negative in the female one (Figure 2E).

Our data reveal that aging in the female group directly influences the Trx1/RTrx1
relationship (Figure 2F, the respective vectors have the same direction and the age
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Figure 2

Figure 2  Trx1/CD30 preserves the healthy state by regulating the network of the redox-immune response. A-F: Principal component analysis plots of the
network of correlations between the levels of Trx1, RTrx1, sCD30 and immunological parameters of healthy subjects (with and without the age component), in all the
groups (A, B) and male (C, D) and female (E, F) subgroups. Vector colors: The same color identifies a functional outline explained in the text. Parameter levels:
Increase↑; Decrease↓. Pattern forms: The same form identifies a functional pattern as explained in the text.

vector  is  located  between  the  other  vectors).  In  the  male  group,  this  effect  was
indirectly obtained through the sCD30 molecule (Figure 2D, the aging vector has
exactly  the  opposite  direction  of  sCD30).  In  addition  to  this,  IL2  regulates  the
interaction between IFNγ and IL4 in the male group (Figure 2D) and TGFβ and IL10
in the female group (Figure 2F). The respective vectors have the same direction, and
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Figure 3

Figure 3  The unbalance of Trx1/CD3 is a gender-specific biomarker of the redox-immune regulation unbalance. A-F: Principal component analysis plots of the
network of correlations between the levels of Trx1, RTrx1, sCD30 and immunological parameters of tumor patients (with and without the disease progression
component), in all the groups (A, B) and male (C, D) and female (E, F) subgroups. Vector colors: The same color identifies a functional outline explained in the text.
Parameter levels: Increase↑; decrease↓. Pattern forms: The same form identifies a functional pattern as explained in the text.

the IL2 vector is located between the other two.
In the matrix of coefficient correlations, there are the following positive correlations

between Trx1 and RTrx1 (r = 0.75, P = 0.00001), Trx1 and RTrx1 with IL10 (r = 0.54, P
= 0.0023), Trx1 and RTrx1 with IL6 (r = 0.51, P  = 0.0036) in the female group and
between Trx1 and IL10 (r = 0.74, P = 0.00001) in the male group.

The age in the male group is negatively related to sCD30 (r = -0.61, P = 0.031) and
positively to IFNγ (r = 0.85, P = 0.0002) and sIL2R (r = 0.72, P = 0.0055). In the female
group, it is positively associated to sCD30 (r = 0.58, P = 0.00001), Trx1 (r = 0.63, P =
0.0004), RTrx1 (r = 0.53, P = 0.0001), IL6 (r = 0.42, P = 0.018), IL10 (r = 0.64, P = 0.0003)
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Figure 4

Figure 4  The polymorphisms of FcγRIIIa and FcγRIIa are useful biomarkers for the categorization of the risk for non-homeostasis of the redox-immune
systems. A-F: The different pathways in men and women could be prognostic of disease in healthy subjects (A, C, E) and of progression in patients (B, D, F).
Principal component analysis plots of the network of correlations between the FcγRIIIa (V/V, V/F, F/F) and FcγRIIa (H/H, H/R, R/R) and the levels of Trx1, RTrx1,
sCD30 and the immunological parameters (with and without the age and the disease progression components, respectively), in all the groups (A, B) and male (C, D)
and female (E, F) subgroups. Vector colors: The same color identifies a functional outline explained in the text. Pattern forms: The same form identifies a functional
pattern as explained in the text.

but also to IL2 (r = 0.27, P = 0.0089) and negatively to IL4 (r = -0.58, P = 0.0004), sIL2R
(r = -0.39, P = 0.026) and sIL6R (r = -0.40, P = 0.019).

The unbalance of the above described relationships is a gender-specific biomarker
of the redox-immune regulation unbalance, and it generates cancer
Our results show that the serum levels of Trx1/RTrx1, TGFβ/IL6 and TGFβ/IL4
combinations and of sCD30, IFNγ and IL2 are gender specific biomarkers for clinical
screening. Indeed, in the tumor condition, the relationship between the increase of the
serum level in Trx1/RTrx1 is no longer positive, while that between TGFβ/IL6 and
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Figure 5

Figure 5  FcγRIIa and FcγRIIIa polymorphism frequencies in healthy subjects and tumor patients. Values are expressed as percentages. The statistical data
were obtained by using goodness-of-fit statistic. Values of P < 0.05 were considered significant. NS: Not significant; HS: Healthy subject; TP: Tumor patients.

TGFβ/IL4 is no longer negative. Furthermore, IL2 decreases whereas sCD30 increases
and exceeds the ranges of the normal healthy homeostasis state. In fact, the results of
the patients'  group (Figure 3A) and the ones of the male (Figure 3C) and female
(Figure 3E) groups show that these redox immune responses are characterized by the
loss of the cytokine network homeostasis and, as a consequence, of cell homeostasis.
The relationships between cytokines are not the same as in the healthy state.

Our data show that the tumor stage is related to the increased levels of TGFβ, IL4,
IL10  and  IL6  cytokines  but  to  the  decrease  in  IL2  (Figure  3B).  The  changes  in
Trx1/RTrx1  and  sCD30  levels  are  biomarkers  of  this  unbalance  because  the
progression of the tumor stage in not related to the combined increase (or combined
decrease) of both Trx1/RTrx1 levels, but only with the increase in the Trx1 level, both
in the male group (Figure 3D) and the female one (Figure 3F). In fact, only the Trx1
vector is positively related to the tumor stage vector in both genders. In addition, the
increase in the sCD30 level is positively related to the increase in TGFβ, IL4, IL6, and
IL10 and to the decrease in IL2, in both genders (the IL2 vector is opposite to other
cytokine vectors, which have the same direction).

The results of the multivariate analysis of correlations show that in the global group
of patients, the stage is positively related to IFNγ (r = 0.35, P = 0.043), sIL2R (r = 0.55,
P = 0.00001), IL6 (r = 0.37, P = 0.00001), IL10 (r = 0.50, P = 0.00001), sCD30 (r = 0.43, P =
0.013), TGFβ (r = 0.54, P = 0.002), IL4 (r = 0.56, P = 0.0007) and negatively related to
IL2 (r = -0.33, P = 0.0003).

Moreover, in the female group, the analysis shows that the tumor stage is positively
related to Trx1 (r = 0.065, P = 0.037), IL4 (r = 0.62, P = 0.0001), sIL2R (r = 0.57, P =
0.00001), IL10 (r = 0.31, P  = 0.013) and sCD30 (r = 0.73, P  = 0.019) and negatively
related to RTrx1 (r = -0.57, P= 0.045), IL2 (r = -0.33, P = 0.0003) and sIL6R (r = -0.42, P =
0.0089).

In the male group, the tumor stage is positively related to Trx1 (r = 0.87, P = 0.020),
sIL2R (r = 0.54, P = 0.00001), IL6 (r = 0.43, P = 0.0001), IL10 (r = 0.53, P = 0.00001),
TGFβ (r = 0.70, P = 0.0005), IL4 (r = 0.48, P = 0.0001); and negatively related to IL2 (r =
-0.27, P = 0.023).

The  polymorphisms  of  FcγRIIIa,  FcγRIIa  and  KIRs  are  valid  parameters  for
personalized biomarkers for the classification of the early risk of developing tumor
or its progression
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Figure 6

Figure 6  The polymorphisms of KIRs are useful biomarkers for categorizing the risk of non-homeostasis of the redox-immune systems. The different
pathways in men and women could be prognostic of disease in healthy subjects and of progression in patients. Principal component analysis plots of the network of
correlations between aKIR, iKIR polymorphisms and the levels of Trx1, RTrx1, sCD30 and immunological parameters (with and without the age and the disease
progression components, respectively). A: The network of the correlations between the different numbers of aKIRs and iKIRs of the patient group and the disease
stage. The “Akir > 2” and “aKIR < 3” parameters are the limits of non-risk and risk of disease, respectively, and we used them as elements of stratification for the
evaluation of the parameter relevance as prognostic biomarkers; B: Disease risk in healthy subjects; C: Healthy to Adenoma state disease progression (Healthy to
Adenoma), in the group made up of healthy and adenoma subjects; D: Adenoma to Tumor state disease progression (Adenoma to Tumor), in the group made up of
adenoma subjects and patients. Vector colors: The same color identifies a functional outline explained in the text. Parameter levels: Increase↑; decrease↓.

FcγRIIIa and FcγRIIa polymorphisms: The frequencies of the FcγRIIIa and FcγRIIa
polymorphisms are shown in Table 2. Multivariate PCA statistical studies show that,
in healthy individuals, the polymorphisms of FcγRIIIa and FcγRIIa combine in pairs,
which follow different orders of combinations, depending on gender (Figure 4). These
results demonstrate in the global group of healthy subjects that the combinations
occur in the following ways (Figure 4A): FcγRIIa-131H/H  combines with FcγIIIa-
158V/V (H/H-V/V); FcγRIIa-131R/R with FcγIIIa-158F/F (R/R-FF) and FcγRIIa-131H/R
with FcγRIIIa-158V/F (H/R-V/F). In the female group, the combinations follow the
same trend (Figure 4E), while in the male one there are different combinations: H/H-
V/V combines in the same way; while H/H combines with F/F (HH-FF) and R/R with
V/F (RR-VF) (Figure 4C).

In addition, an interesting observation is that, in the healthy state, when there is an
increase in IL10 in the immune response network, the H/H-V/V is the most significant
combination to preserve the redox-immune homeostasis in all the groups taken into
consideration.  On  the  other  hand,  when  IL6  is  increased,  the  most  significant
combination is the H/R-F/F in the male group (Figure 4C) and H/R-V/F in the female
one (Figure 4E).  When there are increased levels  of  IFNγ,  IL4 and IL2,  the most
relevant combination is R/R-V/F in the male group (Figure 4C) and R/R-F/F in the
female one (Figure 4E).

By analyzing patients’ data, it  is possible to see that in non-homeostasis of the
tumor state, the pathophysiological network of the immune response is not regulated
through  these  FcγRIIIa  and  FcγRIIa  polymorphism  combinations  (Figure  4B).
Consequently, it is possible to define them as biomarkers of non-risk of disease.

Furthermore, since the multivariate statistical evaluation showed a gender-specific
significant difference of FcγRIIa genotypes between healthy subjects and patients
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Figure 7

Figure 7  The unbalance of Trx1/CD3 is a biomarker of inactive natural killer cells. A, B: Interactions between the levels of Trx1, RTrx1, sCD30 and
immunological parameters with the CD3-CD56+ and CD8-CD57+ phenotypic markers, together with the age and the stage, in healthy subjects (A) and in patients (B),
respectively. The chance of a healthy longevity for the elderly group is primarily determined by the homeostasis of the immune system redox regulation, in particular of
sCD30, Trx1 and RTrx1; C: The most significant correlation of the subjects in the youngest class (“< 46”) is with the homeostasis of the redox immune response; D:
The probability of a healthy longevity for the elderly group is primarily determined by the homeostasis of the immune system redox regulation, also when there are
increased levels of IL6 [“> 89” and “< 46” vectors are closely related to each other and also with the RTrx1, Trx1 and sCD30 vectors (D)]. Vector colors: The same
color identifies a functional outline explained in the text.

(Figure 5),  we evaluated if  this  difference could be useful  to personalize disease
biomarkers by establishing indices of gender-risk (Table 2). When evaluating this, we
noticed a different index of gender-risk, depending on the FcγR combination observed
(Table 3). Considering together FcγRIIa and FcγRIIIa, we found that the H/H-F/F and
R/R-V/V combinations in the male group and the H/H-V/V, H/R-V/V and the RR-F/F
combinations in female one could be biomarkers of non-risk of disease progression.
The H/R-F/F pair is linked to a moderate risk but only in the male group. HH-VF and
RR-V/F could be high-risk biomarkers in both genders but HR-V/F only for the male
group.

In order to support these assumptions, it is possible to notice in the patients graphs
(Figure 4D) that these FcγRIIa and FcγRIIIa polymorphisms were positively related to
the serum profile parameters, which are biomarkers of the loss of redox-immune
homeostasis. In fact, in the male group (Figure 4D), H/H  is related to a combined
increase in TGFβ, IL4 and IL10 (expansion of Th9 cells, Figure 1), and R/R and V/F are
related to an increase in RTrx1 (redox unbalance). Furthermore, in the female group
(Figure 4F), H/R is related to a combined increase in TGFβ, IL6 and IL10 (expansion of
Th17 cells, Figure 1). On the other hand, R/R and F/F are related to an increase in Trx1
(redox unbalance).

aKIRs polymorphisms
In Supplement Figures 1 and 2, the KIR gene-content genotypes in healthy, adenoma
subjects and patients are shown. Table 4 shows the levels of the phenotypic antigen
expression. We evaluated if the number of aKIRs and iKIRs could be prognostic for
disease stage progression.  This  was done by evaluating their  correlations in the
network.  Our results  show that (Figure 6A) aKIR = 0 and aKIR = 2 are the most
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Table 2  FcγRIIa and FcγRIIIa polymorphism frequencies in healthy subjects and tumor patients

HS Men Women Men Women Men Women

H/H H/R R/R

V/V 38.89 40.00 38.46 9.01 11.11 7.70 8.33 16.67 0.00

V/F 55.55 40.00 61.54 68.18 55.55 76.92 75.00 83.33 66.67

F/F 5.50 20.00 0.00 22.72 33.33 15.38 16.67 0.00 33.33

TP

V/V 25.00 33.33 0.00 6.67 12.50 0.00 0.00 0.00 0.00

V/F 75.00 66.67 100.00 80.00 75.00 85.71 100.00 100.00 100.00

F/F 0.00 0.00 0.00 13.33 12.50 14.28 0.00 0.00 0.00

HS vs TP

V/V P = 0.035 NS P < 0.0001 NS NS P = 0.004 P = 0.0033 P < 0.0001 NS

V/F P = 0.004 P = 0.0002 P < 0.0001 NS P = 0.004 NS P < 0.0001 P < 0.0001 P < 0.0001

F/F P = 0.017 P < 0.0001 NS NS P = 0.0005 NS P < 0.0001 NS P < 0.0001

Values are expressed as percentages. The statistical data were obtained by using χ2  of goodness-of-fit statistic. Values of P  < 0.05 were considered
significant. NS: Not significant; HS: Healthy subject; TP: Tumor patients.

significant biomarkers in relation to the disease stage progression. The number of
iKIR receptors seems, instead, to be irrelevant in this correlation. Furthermore, aKIR =
2 is more closely related to disease progression than aKIR = 0 and could be considered
as the principal biomarker of sCD30 increase. Instead, aKIR = 0 is the biomarker of
IL6, sIL2R, TGFβ and Trx1 increase.

According to these results  we established that the “aKIR > 2” and “aKIR < 3”
parameters could, respectively, be the limits of non-risk and risk of disease, and we
used them as elements of stratification to evaluate the significance of our parameters
as prognostic biomarkers of disease risk. This study was performed by evaluating the
correlation between the KIR genetic polymorphisms and age increase (Figure 6B) in
the group of healthy subjects. Moreover, the progression from the normal condition to
an  adenoma (Figure  6C)  in  the  group constituted  by  both  healthy  subjects  and
patients with adenoma was evaluated. In both adenoma and tumor patients,  the
progression from the adenoma to the tumor (Figure 6D) was studied. In all these
conditions, the relationship with gender was also evaluated.

Our results show in healthy individuals (Figure 6B) that the age increase is related
to an increase in disease risk. The female group is more affected by the physiological
process of aging than the male one. The age and female gender vectors are very close,
while for the male group, age and male gender vectors are not.

In addition (Figure 6B), our results clarify that the increased disease risk in females
during aging is related to the loss of homeostasis of the immune system. In fact, it is
possible to observe a positive relationship between the increase in IL4, TGFβ and IL10
levels (Figure 6B). However, the relationship between the increase in TGFβ and IL6
levels  is  still  highly negative (Figure 6B).  This  confirms the value of  this  pair  of
cytokines as a non-risk biomarker in the female group.

In contrast, increased disease risk in the male group is related to loss of the redox
system  homeostasis  (Figure  6B).  It  is  possible  to  observe  the  increase  in  redox
molecules.  Furthermore,  in  the  male  group,  it  is  interesting  to  note  that  the
relationship between the increases in TGFβ and IL4 levels is still negative (Figure 6B).
This confirms the value of this pair of cytokines as a non-risk biomarker in the male
group.

Considering the stepwise nature of the CRC tumor and the identification of colon
adenoma as a precursor of CRC[3], our results show that, in the passage from a healthy
condition to an adenoma (Figure 6C), the female gender, once again, has a higher risk
related to aging. The “healthy to adenoma” age and female gender vectors are all
close to each other, but the male vector is not close to them. Moreover, the higher risk,
mainly in women, is caused by the additive effect of the loss of the redox system
homeostasis (Figure 6C). This is due to the increase in Trx1 level (without the support
of RTrx1) and related to the combined increase in TGFβ/IL6 and IL10. Furthermore,
we observed that the biomarkers of this condition are FcγRIIIa, FcγRIIa and 2DS4del
polymorphisms. On the other hand, in the male group, the passage from healthy to
adenoma (Figure 6C) is mainly due to the loss of redox system homeostasis, for the
increase was only in RTrx1 (without the support of Trx1). The biomarkers of this
condition are 2DS4ins and 2DL3.

WJGO https://www.wjgnet.com February 15, 2019 Volume 11 Issue 2

Berghella AM et al. Biomarker’s system in aging and cancer

132



Table 3  FcγRIIa and FcγRIIIa biomarkers of the risk of disease progression

Sensitivity Specificity
Likelihood ratio Predictive value

Positive Negative Positive Negative

Men No risk

HH/FF P < 0.0001 0.00% 80.00% 0.00 1.25 0.00% 40.00%

RR/VV P < 0.0001 0.00% 83.33% 0.00 1.20 0.00% 55.56%

Moderate risk

HR/FF P = 0.0005 12.50% 66.67% 0.37 1.31 25.00% 46.15%

High risk

HH/VF P = 0.0002 66.67% 60.00% 1.67 0.56 66.67% 60.00%

HR/VF P = 0.004 75.00% 44.44% 1.35 0.56 54.55% 66.67%

RR/VF P < 0.0001 100.00% 16.67% 1.20 0.00 44.44% 100.00%

Women No risk

HH/VV P < 0.0001 0.00% 61.54% 0.00 1.62 0.00% 80.00%

HR/VV P = 0.004 0.00% 92.31% 0.00 1.08 0.00% 63.16%

RR/FF P < 0.0001 0.00% 66.67% 0.00 1.50 0.00% 66.67%

High risk

HH/VF P < 0.0001 100.00% 38.46% 1.62 0.00 20.00% 100.00%

RR/VF P < 0.0001 100.00% 33.33% 1.50 0.00 33.33% 100.00%

The statistical data were obtained by using Diagnostic test evaluation/MedCalc-statistical software. Values of P < 0.05 were considered significant.

Finally, the results show that the male group has a higher risk than the female one
to pass from the adenoma to the tumor (Figure 6D). The male vector is really close to
the “adenoma to tumor” vector and to the aKIR < 3 risk vector. The biomarkers of this
passage are FcγRIIIa and 2DL3 and the increase in both TGFβ and RTrx1. The female
vector behaves differently. It is located opposite to the “adenoma to tumor” vector
and close to the aKIR > 2 non-risk vector (Figure 6D). The biomarkers of this condition
are  FcγRIIa  and 2DS4del  and the increase  in  RTrx1 without  the increase  in  Trx1
(Figure 6D).

The  unbalance  between  the  levels  of  Trx1/RTrx1,  sCD30  and  the  levels  of
Treg/Th1/Th9/Th17 cytokines is a biomarker of inactive NK cells
Our results reveal that Trx1/CD30 is also a biomarker of NK cell functionality. In the
healthy  condition  (Figure  7A),  the  combined  activity  of  the  CD3-CD56+  and
CD8-CD57+ cell populations protects the redox immune physiological homeostasis
during aging. This CD3-CD56+ and CD8-CD57+ cell activity, however, works through
the balance of the Trx1/RTrx1 and sCD30 levels. In Figure 7A, it is possible to note
that the vectors of Trx1/RTrx1 (in red) are positively combined, and the increase in
sCD30 (in red) is related to the non-risk biomarker aKIR > 2 (in black) and to the IFNγ
and IL2 cytokines (in yellow). On the other hand, in the healthy state, the increase in
the CD3-CD56+ NK cell balances the effects of the risk and non-risk of disease. In fact,
as shown in Figure 7A, the vector CD3-CD56+ (in green) is perfectly placed between
the vectors of risk and non-risk biomarkers of disease aKIR < 3 and aKIR > 2 (both in
black).  Conversely,  during aging the CD8-CD57+  NK population is  related to  an
increased risk of disease. The CD8-CD57+ green vector is aligned with the aKIR < 3
black vector. The CD8-CD57+ effect is strongly connected to the decrease in the IL2
level: the respective CD8-CD57+ and IL2 vectors are precisely opposite one another.
Therefore, the homeostasis of CD3-CD56+ and CD8-CD57+ cell activity guarantees a
healthy state during aging because they regulate the homeostasis of the immune
response.  Our  results  show  also  that  the  FcγRIIIa  and  FcγRIIa  polymorphisms
regulate NK cell activity and the disease risk increase. In fact, as shown in Figure 7A,
it is possible to observe that the FcγRIIa-131H/H is strongly correlated to aKIR > 2 and
to the increases in sCD30, IL2 and IFNγ. This is a condition of higher NK functionality
and of non-risk of disease. In fact, the respective vectors are very close to each other
principally in the female group. Conversely the VF,  VV,  FF,  HR,  RR genotypes of
FcγRIIIa and FcγRIIa polymorphisms, in order of increasing importance, decrease NK
activity and increase disease risk.  In fact,  their  vectors  (in  purple),  which are  in
ascending order of importance, move the CD3-CD56+ vector closer to the aKIR < 3 risk
vector (in black).

WJGO https://www.wjgnet.com February 15, 2019 Volume 11 Issue 2

Berghella AM et al. Biomarker’s system in aging and cancer

133



Table 4  Levels of phenotypic antigen expression in healthy subjects and tumor patients

HS Men Women TP Men Women

CD3 59.8 ± 1.3 60.9 ± 1.8 58.3 ± 1.9 49.0 ± 2.3 46.7 ± 2.8 52.4 ± 4.0

CD8 25.3 ± 0.9 25.0 ± 1.3 26.1 ± 1.2 20.0 ± 1.3 19.2 ± 1.5 21.4 ± 2.3

CD16 12.5 ± 1.1 16.5 ± 1.8 7.7 ± 0.8 15.5 ± 1.3 15.4 ± 1.5 14.7 ± 2.3

CD56 11.8 ± 1.2 14.6 ± 1.9 8.5 ± 0.9 16.4 ± 1.6 17.5 ± 2.0 14.9 ± 2.5

CD57 23.7 ± 1.2 25.9 ± 1.8 21.5 ± 1.3 23.7 ± 1.8 22.3 ± 1.8 26.2 ± 4.0

CD3-CD56+ 19.7 ± 0.1 19.7 ± 0.1 19.7 ± 0.1 12.7 ± 3.2 18.0 ± 5.5 7.3 ± 2.1

CD8-CD57+ 11.4 ± 1.6 12.4 ± 2.0 8.4 ± 2.2 7.2 ± 3.1 15.5 ± 0.1 4.5 ± 1.9

For  these  reasons,  we  can  affirm  that  the  positive  combined  increase  in  the
Trx1/RTrx1  and  sCD30,  IFNγ  and  IL2  serum  levels  is  also  a  biomarker  of  NK
functionality  in  the  clinical  evaluation  of  the  selection  of  personalized  patient
treatment.

In order to confirm this, it is possible to observe that, in the tumor state (Figure 7B),
Trx1/CD30 no longer has the features of the homeostasis state. In fact, there is no
parallel  increase  in  the  Trx1/RTrx1  serum  levels  because  the  disease  stage
progression is only related to the increase in the Trx1 level. In addition, the increase in
sCD30  serum  level  is  related  to  the  IL6,  IL4  and  TGFβ  increase  and  to  the  IL2
decrease. In this situation, the male group has also a higher risk than the female one.
The male group vector is really close to the aKIR < 3 risk vector, while the female one
is strongly connected to the aKIR > 2 non-risk vector.

The  interactions  between  Trx1/RTrx1  and  sCD30  reveal  the  secret  of  healthy
longevity
According to the age of our healthy subjects, we evaluated the correlations between
the  levels  in  the  Trx1/RTrx1/sCD30  and  Treg/Th1/Th17  cytokines  with  the
following age ranges: Less than 46 years old (< 46), more than 65 years old (> 65) and
more than 83 years old (> 83).

Our results show that, by comparing the < 46 and > 65 age groups (Figure 7C), the
most significant correlation in the youngest group is with the homeostasis of the
redox response. The “< 46” vector is close to the RTrx1 and Trx1 vectors. On the other
hand, when we analyzed the “> 65” group we found a different situation with a more
relevant homeostasis of the immune response. In Figure 7C, the “> 65” vector is close
to the immune vectors.

When the “> 83” age group was included in the network evaluation, we observed
that the vector of this group was not placed near the “> 65” group, as expected, but it
was close to the “< 46” vector. This shows a strong positive correlation to the redox
system homeostasis.  These results reveal that the possibility of living a long and
healthy life is primarily determined by the homeostasis of system redox regulation, in
particular of sCD30, Trx1 and RTrx1. This is also true when there is an increased level
in IL6. The “> 83” and “< 46” vectors are closely related to each other and to the
RTrx1, Trx1, sCD30 and IL6 vectors (Figure 7D).

DISCUSSION
Research  on  different  pathological  conditions  show  a  very  heterogeneous  and
confused representation of how the interaction between redox and immune systems
orchestrate inflammatory diseases[29]. However, it appears that a correct redox balance
is required to maintain an immune condition that prevents the progress of immune-
mediated inflammatory diseases[29].  Modifications of  the physiological  pathways
regulating redox and immunological systems have been identified in a variety of
types of tumors such as CRC, non-small cell lung carcinoma and breast cancer. The
possible use of Trx1 and CD30 as tumor targets and biomarkers has been broadly
described in the literature. In our previous work[3], we showed that serum level values
of  Trx1 or  of  sCD30 were elevated in several  human primary cancers,  including
colorectal[1], and were generally related to tumor aggressiveness and inhibition of the
immunological system. In addition, Schwertassek et al[8] demonstrated that the serum
levels of sCD30 mirror Trx1 levels in physiological networks: as Trx1 levels increase in
infections, allergies, autoimmune events and cancer, so do sCD30 levels; likewise Trx1
levels modulate CD30 receptor immunological functions during the immune response
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as do sCD30 levels. With the aim of clarifying whether it was more effective to use
Trx1 and CD30 in combination, as a dual target, we have carried out this study.

Our results support that it is more effective to target Trx1 and CD30 together and
that gender and genetic parameters are useful to improve disease risk classification.
We demonstrated that Trx1/CD30 controls redox immunological homeostasis of the
immune response both in the male and female groups but through gender specific
redox-immune  pathways.  In  these  pathways,  the  increase  in  the  serum  level
combinations  of  Trx1/RTrx1  (positively  correlated),  TGFβ/IL6  and  TGFβ/IL4
(negatively correlated) and the increase in the serum of sCD30 IFNγ and IL2 are
fundamental  for  the  preservation of  the  microenvironment  homeostasis  of  IL10,
TGFβ, IL4, IL6 and IL2 cytokines. This homeostasis also controls inflammation in the
healthy  state  during  aging.  Instead,  the  unbalance  between the  serum levels  of
Trx1/RTrx1 (which has  become negative),  TGFβ/IL6 and TGFβ/IL4 (which has
become positive)  and the  decrease  in  the  serum levels  of  sCD30,  IFNγ and IL2,
generates non-homeostasis in the microenvironment of both the cytokines and cells
network; gender specific redox-immune pathway alterations; a non- homeostasis
redox immunological of gender immune response; a non-control of inflammation and
gender  specific  chronic  degenerative  diseases  or  disease  progression [6 ,11-17].
Consequently,  the  balance  of  these  parameters  is  a  biomarker  of  control  of
inflammation and is prognostic of non-risk of disease or progression in both healthy
subjects and patients.

To our knowledge, this is the first time that Trx1/CD30 is studied together with
FcγR and KIR gene polymorphisms. This permitted us to clarify the importance of the
Trx1/CD30 redox immune homeostasis in order to allow the positive interaction
between NK and T cell function and health protection during aging.

As  described  extensively  in  the  results  section,  the  FcγRIIa  and  FcγRIIIa
polymorphisms have been identified as stratification parameters of low/intermediate
and high risk of disease depending on the gender and on the serum level of specific
cytokines.

Regarding the KIR gene polymorphisms, we have showed their importance as
stratification parameters for the individual risk of disease and its progression in order
to  select  early-personalized  biomarkers.  Our  study  demonstrates  that  the  most
predictive conditions for the disease development or progression are when aKIRs are
completely absent or there are only two of them. Instead, the iKIRs numbers did not
show any relevance in this correlation.

It is interesting to note in the patient group that we demonstrated that the KIR
polymorphisms are prognostic biomarkers of specific pathology polarization in both
genders. In fact, as shown in Supplement Figure 3, the Trx1/CD30 controls the redox
immunological  homeostasis  of  the  TGFβ,  IL6,  IL10,  IL2,  IFNγ and IL4  cytokine
pathway interactions,  which are specific  to each sex,  and the loss of  this  control
generates the pathological polarization of T cell subsets. KIR polymorphisms are valid
classification parameters for the individual risk of losing the physiological redox
immunological homeostasis between the Th1, Th2, Treg, Th9, Th17 cells that are all
regulated by the Trx1/CD30. For this reason, they are suitable as early prognostic
biomarkers of the individual risk of disease (healthy subjects) or of its progression
(patients).

In the male group, 3DL1 is the highest risk biomarker because it is correlated with a
decrease in IL2 and an increase in IL4, which are prognostic for Th9 cell generation.
Instead,  2DL5B  is  the  highest  non-risk  male  biomarker  because  it  is  positively
correlated with both IL2 and IFNγ increases, which are prognostic for immunological
response homeostasis.

Moreover, in the male group, the 2DS1 and 2DL5A and an increasing number of
aKIRs  are  also  non-risk  biomarkers  because  they  are  associated  with  the  TGFβ
decrease. Likewise, in the female group, 2DS4del is the highest risk biomarker during
aging since it  is correlated with the IL2 decrease. Furthermore, 2DL5B  is also the
highest non-risk biomarker in the female group because it is correlated with an IL2
increase.

In addition, the 2DS2/2DL2 pair is also a female non-risk biomarker. It is correlated
with TGFβ decrease. We showed that the 2DL2+/2DS2+ pair hinders tumor growth,
while the 2DS2+/2DL2-  or 2DS2-/2DL2+  pair leads to its development. In fact, the
strong positive correlation between 2DL2 and 2DS2 is present in the healthy state.
Moreover, it is still significant in the transition from the healthy to adenoma state, but
it is no longer significant in the shift from the adenoma to tumor states. Furthermore,
we clarify that this protection happens because the presence of the 2DL2+/2DS2+ pair
is linked to a positive interaction between innate and adaptive response thanks to the
Trx1  and  RTrx1  combined  involvement  that  favors  the  immunological  redox
homeostasis.

The protective function of the 2DL2+/2DS2+ pair against diseases is a recurring
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question in this research area but to which a response has not been given yet[21,30].
Furthermore, our results also clarify the importance of the balance of the Trx1/CD30
in the positive interaction between NK and T cell  function and health protection
during aging.

An important contribution for the improvement of immunotherapy in tumors is the
discovery that Trx1/CD30 is a useful tool as a gender-specific target and biomarker of
the NK cell activity. We found that the changes in the Trx1/RTrx1, sCD30 and Treg,
Th1,  Th9,  Th17  cytokines  are  efficient  biomarkers  of  the  functionality/non-
functionality of these cells.

Moreover, in the normal healthy state, the FcγRIIIa V/V, FcγRIIIa F/F, FcγRIIa H/R
and  FcγRIIa  R/R  genotypes  are  biomarkers,  in  ascending  order,  of  the  non-
functionality of NK cells.

Therefore, we state that the redox system homeostasis has a primary contribution
in the control of inflammation in the healthy state during aging. In fact,  for both
genders the passage to adenoma and eventually to cancer is caused by the redox
system unbalance. We suggest that the secret of healthy longevity in an advanced age
is in the homeostasis of the redox regulation on the immune system, even when there
is an increase in IL6.

In  conclusion,  the  selection  of  prognostic  biomarkers  for  the  definition  of
personalized treatment in aging and CRC onset and/or its progression is not a new
topic,  but  results  are  still  not  relevant  enough to improve the clinical  strategies.
Identifying biomarkers able to highlight the risk of developing degenerative processes
linked to aging, which could lead to the onset of the disease, is a new challenge.

Oxidative stress  on Trx1/CD30 is  a  trigger  of  cancer  disease and the selected
oxidation and immune products are a biomarker’s system in aging and cancer. Our
results give new insight into how environment interacts with cell metabolism and
redox immune state to influence Th cell differentiation and function. Furthermore, the
mechanisms of the degenerative process that compromise redox immune function
have  been  explained.  Therefore,  we  propose  that  Trx1/CD30  and  the  selected
biomarkers can be used for new personalized resolving treatments to target age-
related immune decline. This will allow for the selection of novel therapies.

Since this is  a retrospective study, additional research with larger prospective
clinical trials is necessary to evaluate the impact of Trx1/CD30 for the treatment. Our
finding on gender changes are of interest as is the apparently different sCD30, Trx1
and RTrx1 fingerprint for cancer patients compared to younger and older subjects.
However, our results should be confirmed by other groups and in other countries.
The follow up to our research will be the investigation into Trx1/CD30 in tumor
tissue samples.

ARTICLE HIGHLIGHTS
Research background
The selection of prognostic biomarkers for the definition of personalized treatment in aging and
colorectal cancer (CRC) onset and/or its progression is relevant to improve clinical strategies.
Finding biomarkers able to identify the risk of developing degenerative processes linked to
aging,  which could lead to  the onset  of  the  disease,  is  a  new challenge.  Alterations  in  the
physiological pathways involved in the regulation of redox and immunological systems have
been identified in various types of tumors, such as CRC. The potential use of Trx1 and CD30 as
targets and biomarkers for tumors has been widely described in literature, but results are still not
relevant enough to improve the clinical strategies.

Research motivation
We have carried out this study to clarify if it was effective to use Trx and CD30 as dual target in
combination  with  T  helper  cytokines  and  polymorphisms  of  KIRs,  FcγRIIa-131H/R  and
FcγRIIIa-158V/F. The aim was to identify alterations in markers of redox-immune homeostasis
that  may be  useful  as  a  predictive  biomarker  system in  health  prediction  and to  identify
personalized treatments to target age-related immune decline and cancer.

Research methods
The serum measures of Trx1/CD30, RTrx1, multiple cytokine levels and polymorphisms of KIR
and FcγRIIa were used to estimate the effect of disease, age and gender interactions to describe
the variants in the biology of the redox immune system. Using multivariate statistical procedures
of  correlation  analysis  and  a  matrix  of  correlation  of  all  the  redox  immune  and  clinical
parameters we have identified changes in the biology of the redox immune system relationships
in both healthy aging and tumor disease progression. Through these procedures we determined
the redox immune fingerprint of health, aging and cancer states.

Research results
We found positive increases between Trx1/RTrx1 levels and sCD30 level and increased age.
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With respect to the gender relationships, there are distinct differences: females show a primary
relationship between TGFβ with Trx1 while males for TGFβ and RTrx1. Trx1/CD30 controls the
redox immune homeostasis, and an imbalance in the relationship between Trx1/RTrx1 and
sCD30 levels is linked to the onset and progression of tumor (but through different cytokine
pathways  in  the  male  and female  subjects).  The  study confirmed that  the  serum levels  of
Trx1/RTrx1, TGFβ/IL6 and TGFβ/IL4 combinations and the sCD30 IFNγ and IL2 combination
are a predictive gender specific biomarker system for clinical screening to detect the risk of the
potential development or progression of a tumor.

Research conclusions
Results  give  new insight  into  how environment  interacts  with  cell  metabolism and redox
immune state to influence Th cell differentiation and functions. Furthermore, the mechanisms of
degenerative processes that compromise redox immune function have been explained. Results
support the goals of translational medicine that tries to promote personalized strategies for the
prevention and treatment of cancer.

Research perspectives
Trx1/CD30 and selected biomarkers can be used for new personalized resolving treatments to
target age-related immune decline, CRC onset and/or its progression. This will permit to select
novel therapies. Given the retrospective nature of this study, additional research with larger
prospective clinical trials is necessary to assess the impact of Trx1/CD30 for the treatment.
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