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Cytokines, including interleukins, interferons, tumornecrosis factors, and chemokines, have a variety of pro- and anti-inflammatory
effects in the body through a number of biochemical pathways and interactions. Stimuli, actions, interactions, and downstream
effects of cytokines have been investigated in more depth in recent years, and clinical research has also been conducted to implicate
cytokines in causal patterns in certain diseases. However, particular cutoffs of cytokines as biomarkers for disease processes have not
beenwell studied, and this warrants futurework to potentially improve diagnoses for diseases with inflammatorymarkers. A limited
number of studies in this area are reviewed, considering diseases correlated with abnormal cytokine profiles, as well as specific cut-
offs at which cytokines have been deemed clinically useful for diagnosing those diseases through Receiver Operator Characteristics
modeling. In light of studies such as those discussed in this review, cytokine testing has the potential to support diagnosis due to
its lack of invasiveness and low cost, compared to other common types of testing for infections and inflammatory diseases.

1. Introduction

Cytokines and Their Role in Human Biology and Disease Pro-
cesses. Cytokines are small, nonstructural proteins, including
interleukins, chemokines, interferons, and tumor necrosis
factors, which have a multitude of pleiotropic effects in
various organs [1].They are released in a number of paracrine,
autocrine, or endocrine pathways and have been implicated
in a variety of infections and immune system-affecting
disorders by both proinflammatory and anti-inflammatory
mechanisms. Cytokines which have proinflammatory effects
include interferon- (IFN-) 𝛾, interleukin- (IL-) 17, IL-1𝛽,
and tumor necrosis factor- (TNF-) 𝛼 [2, 3], and those
with anti-inflammatory effects include IL-10, IL-4, and IL-
1ra [2, 4]. However, the distinction between pro- and anti-
inflammatory cytokine effects is not always entirely clear:
pathway interactions play a major role, as individual and a
combination of several cytokines can contribute to upreg-
ulation or downregulation of other cytokines and certain

cytokines can have both pro- and anti-inflammatory effects
[5].

Two of the most important cytokine effector pathways
are the JAK-STAT and NF-𝜅B pathways [6]. These pathways
are activated by cytokine ligands and are also regulated by
and stimulate further release of cytokines. When a cytokine
binds to a receptor in the JAK-STAT pathway, the receptor
dimerizes and JAKs are activated. The JAK proteins then
phosphorylate and activate the receptor as well as the STATs
which are now associated with the activated receptor. This
allows the STATs to dimerize and travel to the nucleus to
regulate gene expression [7]. In the canonicalNF-𝜅Bpathway,
I𝜅B proteins inhibit the 𝜅B protein, in the absence of ligand,
preventing 𝜅B from activating transcription of genes involved
in inflammation and stress responses. When cytokines are
present, they serve as ligands to bind to and activate IKK
complexes, which then phosphorylate I𝜅B proteins, targeting
them for degradation and therefore freeing NF-𝜅B transcrip-
tion factors to locate to the nucleus [8].
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Figure 1: IL-12 activation of JAK-STAT pathway. IL-12 activates a
series of phosphorylation events which permit STAT4 molecules
to dimerize and translocate to the nucleus, upregulating a proin-
flammatory cascade. IL-10 has an inhibitory effect on this response
transcriptionally.

However, these pathways differ upon interaction of
cytokines. When IL-12 is a ligand for the JAK-STAT path-
way in macrophages, a proinflammatory response of Th1 is
produced, but when IL-10 is present, IL-12’s proinflammatory
effects are downregulated (Figure 1). IL-10 has similar effects
on other proinflammatory cytokines, reducing or even termi-
nating their inflammatory responses [9]. In studies of TNF-𝛼
as a ligand in mast cells for the NF-𝜅B pathway, the result is
a proinflammatory cascade [9]. Yet when that same ligand is
present along with IL-10 in the pathway, this becomes muted
most likely due to inhibition of NF-𝜅B, yielding a smaller
inflammatory response (Figure 2). Similar to IL-10, IL-6 also
is involved in various pathways which alter, or are altered
by, other cytokines. IL-6 helps upregulate IL-21 for improved
activity of CD4+ cells, suppresses IFN-𝛾 signaling to aid
in T-cell differentiation, and regulates TGF-𝛽 mediation of
CD4+ differentiation, demonstrating the ability of multiple
cytokines to differentially regulate a single pathway [10].

Further, differences in types of signaling in these path-
ways can also affect whether the cytokines behave in a proin-
flammatory or anti-inflammatory matter. IL-6 is typically
thought of as proinflammatory, though it can also have
anti-inflammatory effects depending on how its receptors
and signaling receptor proteins interact. IL-6 signaling in
the JAK-STAT pathway can behave proinflammatorily when
the signaling receptor protein and IL-6 receptor are located
on the same cell (classic signaling), yet the same cytokine

TNF-�훼

NF-�휅B free to
translocate

I�휅B ubiquitinated IL-10
and degraded

NF-�휅B regulates
transcription

T
N
F
R
1

T
N
F
R
2

TRADD

TRAF2

RIP

I�휅Bp50
P65

P
P

Figure 2: TNF-𝛼 activation of NF-𝜅B pathway. Upon binding
with the receptor, TNF-𝛼 permits activation of IKK complexes,
which then phosphorylate I𝜅B. Phosphorylated I𝜅B is then targeted
for degradation, allowing NF-𝜅B to translocate to the nucleus to
regulate tumorigenic activity and immune defense. IL-10 inhibits
this response transcriptionally.

behaves anti-inflammatorily when IL-6 binds to a soluble IL-
6 receptor which activates the membrane-bound signaling
receptor protein (transactivation) [10]. In a related way, IL-
10 is most often thought of as an anti-inflammatory cytokine,
though depending on its target cell and concentration, it
can also act to promote inflammation. Activation of certain
STAT proteins (STAT3 in the JAK-STAT pathway, which has
anti-inflammatory effects) and inhibition of NF-𝜅B (through
suppression of IKK complexes) by IL-10 play a role in
inhibiting the immune response [11]. However, IL-10 has
also been found to exert proinflammatory effects, stimulating
immune cells including B cells and cytotoxic T cells, in high
concentration [9].

Due to their vast pro- and anti-inflammatory effects,
cytokines have been implicated in various disease processes.
However, it is often difficult to use cytokines as diagnostic
tools, although recent studies have investigated cytokine
clinical diagnostic cutoffs. The limited amount of work in
this area warrants future investigation to confirm diagnos-
tic guidelines and explore guidelines for not-yet-studied
cytokine-disease associations.

2. The Current State of Disease Diagnosis

2.1. Defining Normal and Abnormal Levels of Cytokines. It
is particularly challenging to evaluate cytokines’ diagnostic
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ability due to the difficulty of establishing “normal” versus
“abnormal” cytokine levels. Cytokines vary greatly among
individuals, and their release and subsequent effects can differ
based upon activating signals, specific cell targets, and phys-
iological factors including stress, fitness level, and feeding
state [12]. Cytokines also can vary in different physiological
locations and environments, and thus studies that measure
cytokines in abnormal and normal circumstances must only
compare results with other studies of the same biological fluid
(e.g., serum, amniotic fluid, and pleural fluid). Furthermore,
only few studies have been conducted to investigate cytokine
levels in healthy subjects, and there have been a limited
number of variables explored when considering healthy
subjects’ cytokine profiles [13–15]. Therefore, most studies
have established differing “normal” cytokine profiles based
on the characteristics of their study populations and the
modes of cytokine measurement. The factors are as follows:
(a) variation exists in what is considered to be a “normal”
cytokine profile; (b) few conclusions have been drawn across
studies to define normal cytokine levels; and (c) a variety of
factors contribute to cytokine release and action.Hence, these
studies often define cytokine levels only within the popula-
tion of interest.Most studies do not use preestablished cutoffs
for cytokine reference values but rather consider the median
or mean cytokine levels of healthy subjects in a defined set
of population to be “normal.” This mean or median cytokine
level for a particular study is then used as a reference cutoff to
identify comparatively abnormal cytokine levels in diseased
patients; that is, levels are only considered abnormal if they
differ from the mean of that population by approximately 2
standard deviations, though this is not diagnostically reliable.
Therefore, it is necessary to conduct a greater number of
studies within various populations, controlling the aforemen-
tioned factors, in order to establish normal cytokine levels
and therefore have a more uniform reference for “abnormal”
cytokine levels for use in supplementing clinical diagnosis.

A number of bioassay and immunoassay methods are
used in clinical practice to detect cytokines currently, though
immunoassays are most often used because of their speci-
ficity for individual cytokines [16]. Common immunoassay
techniques include enzyme-linked immunosorbent assays
(ELISA), multiplex arrays, bead-based assays, and the
recently studied immunosensing method [12]. Cytokines
can also be measured indirectly, using mRNA transcripts,
though these are not always an indication of cytokine activity
and instead represent the potential for cytokine production.
Therefore, direct protein detection uses are most often used
for improved interpretation of physiologic cytokine activity.
Direct immunodetection assays vary in consistency and relia-
bility, cost, required time, ease of use, throughput, and sample
volumes required, among other factors. Currently, the most
popular way to detect cytokines is through ELISA, which
involves immobilization of proteins and their detection using
antibodies, either directly or indirectly [12]. Although this
method is commonly used, it is time-consuming and permits
analysis of only one cytokine at a time. A method which has
improved upon these drawbacks is themultiplex array, a sim-
ilar protein detection method which permits measurement
of multiple cytokines at once [17]. A more recent approach

to detecting cytokines is known as immunosensing, which
transduces antigen-antibody interactions into electrical sig-
nals, though this technique is not yet well studied [18]. As
suchmethods for cytokine detection improve, the complexity
of cytokine interactions and effects can be more accurately
portrayed.

2.2. Establishing Clinical Cutoffs Using Receiver Operat-
ing Characteristics Analysis. Due to lack of conclusiveness
regarding normal and abnormal cytokine levels, particular
clinical cytokine cutoffs for disease states are difficult to
establish. In other words, cutoffs for normal and abnormal
cytokines in disease states need to be more well-established
in order to more accurately support and distinguish between
diagnoses, as well as estimate prognoses.

A common way of evaluating diagnostic accuracy of
individual biomarkers is by using Receiver Operating Char-
acteristics Analysis (ROC analysis), which plots the true
positive rate (“benefits”) versus the false positive rate (“costs”)
of a particular disease at different cutoffs of the implicated
biomarker [19].This type of analysis indicates the levels of the
biomarker that are most diagnostically useful, allowing the
ruling out of disease, through sensitivity values, or allowing
disease to be essentially confirmed, through specificity values.
An optimal cutoff can be established by identifying the
point on the ROC curve with the highest sensitivity and
specificity, for maximum diagnostic discriminatory ability
[20]. A limited number of studies have utilized ROC analysis
to evaluate diagnostic utility of cytokines for particular
disease states. The majority of conditions for which cytokine
associations and their clinical cutoffs have been explored can
be divided into three categories: infections and postoperative
infections, inherited and chronic diseases, and obstetric and
gynecological conditions. These associations and clinical
cutoffs will be discussed below, along with their implications
for clinical testing and future work.

3. Role of Cytokines and Their Clinical Cutoffs
in Infection Diagnosis and Postprocedural
Infection Diagnosis

Correlations of abnormal cytokine profiles with infection,
including tuberculosis, pneumonia, and systemic inflamma-
tory response state (SIRS), have been investigated in various
studies. Hospital-acquired and postoperative infections were
also found to have associations with abnormal cytokine pro-
files, including neonatal sepsis, periprosthetic joint infection,
and postcervical neck dissection infection.More importantly,
beyond simple associations between abnormal cytokine pro-
files and these infections, a limited number of studies have
also investigated clinical cytokine cutoffs to support diagno-
sis, which is unprecedented in various other disease states.

3.1. Tuberculosis, Pneumonia, and SIRS State. One of the
most widely investigated areas of cytokine clinical cutoffs
is in the diagnosis of tuberculosis (Tb). In 2003, Wong et
al. suggested the ability to diagnose Tb using IL-6, TNF-
𝛼, and IFN-𝛾 in pleural fluid, as patients with Tb pleural
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effusions are known to have significantly higher pleural
effusion cytokine levels than non-Tb patients [21]. The study
established cutoffs with considerable predictive and diagnos-
tic value for Tb with pleural effusions: 4000 pg/mL for IL-
6 (sensitivity: 90.6%; specificity: 76.5%), 4 pg/mL for TNF-
𝛼 (sensitivity: 90.6%; specificity: 79.4%), and 60 pg/mL for
IFN-𝛾 (sensitivity: 100%; specificity: 100%). The following
year, Sharma and Banga (2004) specifically investigated IFN-
𝛾 as a predictor of Tb pleural effusions [22]. In this study
population, the IFN-𝛾 levels of Tb patients were significantly
higher than healthy individuals (1480 pg/mL versus 3 pg/mL,
resp.), and it was determined that the best cutoff of pleural
fluid IFN-𝛾 to predict Tb pleural effusion was 138 pg/mL
(AUC 95.4%, sensitivity: 90.2%, specificity: 97.3%).The study
also examined IFN-𝛾 in peritoneal fluid ascites to determine
cytokine clinical cutoffs for Tb and discovered an optimal
cutoff for IFN-𝛾 in peritoneal ascites of 112 pg/mL (AUC
99.0%, sensitivity: 97%, specificity: 97%). However, IFN-
𝛾 assays using both pleural effusions [22] and peritoneal
ascites [23] are considerably expensive, which may render
this method less clinically useful and practical. Küpeli et al.
(2008) investigated a less expensive method of testing for
cytokines as diagnostic biomarkers of Tb, using serum and
bronchoalveolar lavage fluid (BALF) [24]. This study found a
TNF-𝛼 cutoff of 17.6 pg/mL in serum and BALF (sensitivity:
73%; specificity: 76%) for distinguishing patients with smear-
negative Tb from healthy subjects. However, Küpeli et al.
(2008) did not find significant differences between smear-
negative Tb patients and non-Tb groups when distinguishing
using IL-12 and IFN-𝛾 and therefore did not evaluate clinical
diagnostic cutoffs for these cytokines [24]. Most recently, Shu
et al. (2015) proposed that IFN-𝛾 cannot be used alone and
demonstrated that, in order to improve the IFN-𝛾 model,
DcR3 and TNF-sR1 should be included when developing an
ROC curve for predicting Tb pleural effusion, suggesting that
additional factors must be considered when using cytokines
as diagnostic tools [25].

Cytokines were also investigated in ventilator-associated
pneumonia (VAP), a disease with similar clinical signs and
symptoms to Tb. A 2009 study found that VAP can be
predicted and diagnosed using only serum levels of IL-
6, as other cytokines did not prove to be associated or
predictive of VAP [26]. To distinguish between patients who
did and did not subsequently develop VAP, a baseline IL-
6 cutoff value of 198 pg/mL was determined (sensitivity:
71%; specificity: 78%). To distinguish patients with confirmed
VAP versus suspected VAP, an IL-6 cutoff for the disease
state was established to be 620 pg/mL (sensitivity: 71%;
specificity: 89%). Morris et al. identified two additional
serum cytokines, which can be used to predict VAP, IL-1𝛽
and IL-8, among others, including IL-6, TNF-𝛼, and IL-10
[27]. Clinical cutoff values of IL-1𝛽 and IL-8 for diagnosing
VAP were 10 pg/mL (sensitivity: 94%; specificity: 64%) and
2000 pg/mL (sensitivity: 81%; specificity: 83%), respectively.
Although these studies suggest a particular cytokine profile
for identifying VAP, it is still necessary to distinguish the
condition fromTb due to their similar symptoms and clinical
signs. The previously mentioned studies can identify VAP, or
Tb, though they cannot necessarily distinguish between the

two. Su et al. (2010) investigated cytokines that may be able to
distinguish between the two conditions to confirm diagnosis
of either Tb or pneumonia, finding IFN-𝛾 and IL-12 to yield
considerable results through ROC analysis [28]. When cells
were stimulated with ESAT-6, a cutoff of a 3.59% change in
IFN-𝛾 was found to yield sensitivity, specificity, and accuracy
of over 80% for diagnosing Tb (90.4% AUC). When diag-
nosing pneumonia in cells stimulated with LPS, a cutoff of
3.59% change in IFN-𝛾 produced sensitivity, specificity, and
accuracy of 80% (89.1% AUC), and a cutoff of 2.08% change
in IL-12 produced sensitivity of 80%, specificity of 78.9%, and
accuracy of 79.4% (85.2% AUC). These results suggest that
pneumonia and Tb may be distinguished diagnostically by
cytokine responses of IFN-𝛾 and IL-12 upon cell stimulation
by different reagents and also suggest such laboratory testing
to rapidly support diagnosis of these diseases in light of the
slow rate at which other clinical features (such as bacterial
infection) may be measured and observed.

Another related form of inflammation with respect to
cytokines is the limited published work regarding SIRS state.
This is an important area of research to explore because
systemic inflammation can be caused by a variety of fac-
tors, including trauma, and may lead to other previously
discussed infections (such as pneumonia). In a distinctive
study, Giannoudis et al. (2008) found that IL-6 was predictive
of a SIRS state at all points following hospital admittance
for trauma (femoral shaft fracture) [29]. At days 0 and 1
after admittance, a cutoff of 20,000 pg/mL IL-6 diagnosed
a SIRS state (83% sensitivity; 75% specificity), and an IL-
6 level above 300 pg/mL in SIRS patients was correlated
with larger risks of complications, including pneumonia and
death.Therefore, diagnosing a SIRS statemight becomemore
feasible, if more work is done to investigate these cutoffs,
whichwill help prevent further complications that result from
such an inflammatory state.

3.2. Neonatal Sepsis. Amore well-studied phenomenon with
respect to cytokine clinical cutoff values is neonatal sepsis,
which is a bacterial bloodstream infection that typically
appears in infants within twenty-four hours of birth. A
litany of studies has connected neonatal sepsis to abnor-
mal cytokine profiles, though only a small number have
investigated specific cytokine cutoffs for diagnosing neonatal
infection. Yet compared to other conditions, neonatal sepsis
has been more thoroughly studied with respect to cytokine
cutoffs and thus is an excellent example for the direction in
which other studies can be conducted in the future.

Three cytokines, IL-6, TNF-𝛼, and IL-1𝛽, were investi-
gated and strongly implicated as diagnostic tools in neonatal
sepsis [30].The study established cutoffs facilitating diagnosis
on day one of infection: IL-6: 31 pg/mL; TNF-𝛼: 17 pg/mL;
IL-1𝛽: 1 pg/mL. Combination of multiple markers enhanced
accuracy of the tests, particularly when IL-6 and TNF-𝛼
were combined (sensitivity: 95%; specificity: 84%). Timing
and duration of infection upon testing seemed to affect
diagnostic capabilities of these tests as well: IL-6 appeared to
have greater diagnostic value on the day of infection onset
(sensitivity: 89%; specificity: 96%), and TNF-𝛼 had greater
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diagnostic value on the day after infection onset (sensitivity:
82%; specificity: 93%). Notably, optimal calculated values
for clinical cutoffs differed considerably from cutoff values
recommended by the manufacturer of the serum test, which
suggests a need for future similar work to confirm cytokine
cutoffs in establishing detection limits.

Recent studies have also established highly sensitive and
specific IL-6 cutoffs for diagnosing neonatal sepsis [31, 32].
It was identified that initial neonatal sepsis onset (within
the first 24 hours of infection) was best diagnosed with a
combination of IL-6 and CRP detection, with a cutoff of
18 pg/mL for IL-6 and 10 pg/mL for CRP (sensitivity: 89%;
specificity: 73%) [31].However, the same study also found that
one day after sepsis onset, CRP alone was a better predictor of
infection, warranting future work. Another study, by Sherwin
et al. (2008), reported a variety of cytokines using ROC
analysis, including Il-1𝛽, IL-6, IL-12, IL-8, IL-10, and TNF-
𝛼 [33]. This study found that IL-12 was the most promising
source of diagnostic aid, particularly in confirming neonatal
sepsis, and that IL-6 was not as effective in predicting the
condition. Evaluating use of IL-12 in diagnosis of neonatal
sepsis yielded an optimal cutoff of 75 pg/mL (AUC 74%;
sensitivity: 28%; specificity: 98%). IL-10 was the next most
promising diagnostic aid, with the same cutoff but different
test characteristics (sensitivity: 17%; specificity: 99%). In these
results, one must consider low sensitivities for these tests,
which imply that these cytokine biomarkers can be more
accurately used to confirmdiagnosis of neonatal sepsis, rather
than confirming its absence.

Boskabadi et al. conducted a variety of studies regarding
clinical cytokine cutoffs for diagnosing neonatal sepsis: they
found IL-8 at a cutoff of 60 pg/mL to be predictive of the
disease [34]. In subsequent studies by the same group, IL-
10 was reported to have the greatest predictive value at
a cutoff of 14 pg/mL [32, 35]. Among IL-6, IL-8, and IL-
10, both IL-6 and IL-8 were found to predict neonatal
sepsis at cutoffs of 10.85 pg/mL (sensitivity: 92.5%; specificity:
97.6%) and 60.05 pg/mL (sensitivity: 93.7%; specificity: 65%),
respectively [32]. IL-6 predicted mortality due to neonatal
sepsis, with a higher cutoff of 78.2 pg/mL (sensitivity: 85%;
specificity: 76%). As evidenced by these studies, IL-6, IL-8,
and IL-10 may be the most promising cytokine biomarkers to
diagnose neonatal sepsis once more narrow ranges in cutoffs
across studies are established. IL-6 is of special interest, due
to its potential ability to both diagnose neonatal sepsis and
predict mortality due to the condition, as well as its relatively
uniform range in cutoffs across these preliminary studies.

3.3. Surgical Site Infections: Periprosthetic Joint Infection and
Postcervical Neck Dissection Infection. A variety of other
infection pathologies have been connected with cytokines,
though very few have been established as predicted by
particular cytokine cutoffs. Among these, periprosthetic joint
infection (PJI) is a risk after revision surgery for shoulder
arthroplasty and is considerably difficult to diagnose due
to a lack of biomarkers to distinguish between septic and
aseptic outcomes. Cytokines in synovial fluid may be able
to aid in diagnosis of PJI, based on correlative studies,
though few have evaluated particular cytokine cutoffs for

the condition. Frangiamore et al. (2015) found that IL-6 in
synovial fluid could help predict PJI after revision surgery for
shoulder arthroplasty, with an optimal cutoff of 359.3 pg/mL
(sensitivity: 87%; specificity: 90%) [36].Themost recent study
of Frangiamore et al. in this area (2016) also investigated
IL-1𝛽 and IFN-𝛾 as potential diagnostic biomarkers for the
disease, at cutoffs of 8.26 pg/mL (AUC 92% and 91%, resp.)
and 34 pg/mL [37]. Perhaps more importantly, IL-1𝛽 and IL-
6 had the highest sensitivities as diagnostic tools (90% and
81%, resp.), and both also had the greatest decrease between
explantation and reimplantation demonstrating infection
resolution (12.4-fold decrease for IL-1𝛽; 11.2-fold decrease
for IL-6), implicating IL-1𝛽 and IL-6 as potentially the most
applicable for usage in diagnosis/prognosis of PJI. It is also
important to note that all cytokines measured did not show
significant diagnostic utility or sensitivity to rule out infection
before reimplantation. Cytokine assays have the potential to
be significant in PJI diagnosis, as synovial fluid cytokine test-
ing may be more sensitive than current testing available for
diagnosing PJI, which may promise better patient outcomes.

In a similar vein, another study demonstrated statistical
differences between patients with and without surgical site
infection (SSI) after cervical neck dissection on postsurgical
drainage fluid cytokine levels, including IL-1𝛽, IL-2, IL-6, IL-
8, and TNF-𝛼 [38]. IL-10 was the only cytokine not associated
with SSI. TNF-𝛼 and IL-1𝛽 showed the greatest diagnostic
efficacy of the cytokines associated with SSI: sensitivities and
specificities were 100% and 87.88% for TNF-𝛼 at a cutoff of
14.5 pg/mL (on day 1 of infection for TNF-𝛼) and 83.33%
and 78.79% for IL-1𝛽 at a cutoff of 115 pg/mL (on day 3 of
infection for IL-1𝛽). IL-2 levels were also indicative of disease
on days 1 and 3 above levels of 6.5 pg/mL, and IL-6 levels
were indicative on day three, above levels of 3,300 pg/mL,
though at lower sensitivity and specificity values. This study
emphasizes the importance of temporally sensitive evaluation
of cytokines, due to their variation in release and concentra-
tion over time, along with the promise of potential cytokine
biomarkers for infection prediction and diagnosis at various
stages of infection.

3.4. Recovery from Procedure for Left Ventricular Dysfunction
and Prognosis of Heart Failure. Cytokine cutoffs may also
be established to evaluate prognosis of particular diseases
with inflammatory indications, including left ventricular
dysfunction (LVD), treated by percutaneous coronary inter-
vention (PCI) and its often associated subsequent heart
failure, or acutemyocardial infarction (AMI). Left ventricular
dysfunction is a risk factor for poor prognosis following acute
myocardial infarction (AMI) [39], which has been associated
with an imbalance in pro- and anti-inflammatory markers,
and therefore some studies have sought to investigate poten-
tial correlations between these conditions and cytokines
for improved prognosis evaluation. Szkodzinski et al. (2011)
investigated cytokines predicting LVDbefore and after PCI to
evaluate possible cytokine predictors [39]. Measurements of
serum cytokines before and after PCI showed high diagnostic
value of IL-4 both before and immediately after PCI, whereas
IFN-𝛾measurements only before PCI were of diagnostic aid.
IL-4 at levels above 15 pg/mL before PCI indicated LVD,
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and IL-4 at slightly higher levels of 17.2 pg/mL after PCI
indicated LVD. IFN-𝛾 predicted LVDbefore PCI with a cutoff
of 0.3 pg/mL. Caruso et al. (2014) attempted to further this
evaluation of LVD, identifying potential cytokine cutoffs to
predict prognosis of LVD patients in those who require left
ventricular assist devices (LVAD) [40]. Among LVD patients,
many require a LVAD to aid in preventing the development
of multiorgan failure (MOF). Aside from the inflammatory
indications of LVD, unique inflammatory profiles also appear
upon implantation of the assist device. In this study, white
blood cell count, indicating infection, andMOF severity were
associated with IL-6 at levels above 8.3 pg/mL. This cutoff of
IL-6 also indicated longer ICU stay, longer hospitalization,
poor early outcome, and higher levels of release of other
proinflammatory molecules, such as IL-8, which can help
evaluate prognosis of patients with LVAD long-term. These
studies indicate the potential for particular interleukins to aid
in diagnosis of LVD, regardless of surgical intervention, and
in prognosis of LVD, in patients with LVAD.

4. Role of Cytokines and Their Clinical
Cutoffs in Evaluation of Severity and
Prognosis for Chronic Conditions

Aside from infections and diseases with inflammatory indi-
cations, cytokines may also be useful in assessing prog-
noses of inherited and often chronic conditions, includ-
ing Alzheimer’s Disease, neurological outcomes following
cardiac arrest (causing prolonged hypoxia), cancer, lupus
nephritis, and lymphohistiocytosis. Conditions such as these
have been correlatedwith elevated proinflammatory cytokine
levels in previous work, though few have investigated partic-
ular cytokine cutoffs for predicting severity and prognosis of
these diseases.

4.1. Alzheimer’s Disease andNeurological Outcomes in Cardiac
Arrest Patients. Alzheimer’s Disease (AD) has been well
established as a disease which is caused by inflammatory
processes, and cytokines have accordingly been implicated in
its etiology. However, cutoffs of cytokines in diagnosing AD
have not been well studied. A recent study in a Malaysian
population demonstrated the possibility of establishing a
particular cutoff for cytokines and chemokines in AD [41]. In
the blood, IP-10 (a chemokine) and IL-13were both associated
with AD: IL-13 was 18-fold lower in AD patients than in
healthy controls, and IL-13 was 9-fold lower in European AD
patients when compared to healthy controls. Another study
also found that anti-inflammatory IL-13, as well as IP-10, was
downregulated in AD patients compared to controls [42]. An
IL-13 cutoff value of 9.315 pg/mL was determined (sensitivity
and specificity 100%) to diagnose AD, in accordance with
the anti-inflammatory properties of IL-13. The suggestion of
such a specific and sensitive test for AD using cytokines is
significant to the diagnostic field of this disease: standard
methods for diagnosingAlzheimer’s are costly, as they require
highly trained specialist physicians and expensive imaging
methods. Further, a method that relies purely on serum
measurements of cytokines would facilitate diagnosis of AD,
particularly in poorer nations.

In addition to poor neurological outcomes resulting from
AD, such outcomes can also result from cardiac arrest due
to prolonged oxygen deprivation, and these effects may be
identified by cytokine cutoffs. Oda et al. (2009) measured
cytokines in cerebrospinal fluid (CSF) in patients 6 months
following cardiac arrest and evaluated patients according
to the Glasgow Outcome Score (GOS) in order to evaluate
poor neurological outcome as indicated by CSF cytokines
[43]. IL-8 and IL-6 were found to be significantly higher
in subjects who had experienced cardiac arrest, and both
cytokines were found to be correlated with poor neurological
outcome. Cytokine cutoffs for predicting poor neurological
outcome following cardiac arrest were 1423 pg/mL for IL-
8 and 2708 pg/mL for IL-6 (both with sensitivity of 100%
and specificity of 86%). These studies suggest that, following
future work, evaluation of poor neurological prognosis may
be possible in cases of both AD and cardiac arrest through
serum and CSF cytokine levels, respectively.

4.2. Gastric Cancer. Gastric cancer is another condition char-
acterized by an abnormal cytokine profile. Various studies
have linked IL-6 to gastric cancer, though few studies have
investigated clinical cutoffs of IL-6 for this condition. Most
studies of cytokines in cancer, as in diagnosis of other
conditions using cytokines, set a cutoff of a particular per-
centile rather than considering ROC analysis for diagnostic
efficacy. However, despite considerable precedent, a 2005
study found the optimal diagnostic cutoff of IL-6 for gastric
cancer to be 1.97 pg/mL (sensitivity 81.8%; specificity: 66.7%)
[44]. This corresponded with an accuracy of 77.1% as well
as significantly lower patient survival rates and positive
immunohistochemical staining of IL-6 in cancer cells. A
slightly higher serum cutoff of this cytokine was identified as
having the potential to diagnose preoperative gastric cancer
and to evaluate prognoses after surgical tumor removal:
6.77 pg/mL serum IL-6 (sensitivity 85.7%) [45]. However, the
consensus between the two studies regarding the role of IL-6
in predicting gastric cancer suggests that the correct cytokine
for diagnostic use has been identified and that it will just be a
matter of time to establish a narrower diagnostic cutoff range
with improved sensitivity.

4.3. Lupus Nephritis and Lymphohistiocytosis. Lupus neph-
ritis and lymphohistiocytosis are chronic conditions of
immune deficiency. Lupus nephritis often accompanies sys-
temic lupus erythematous (SLE) and is characterized by
inflammation of the kidney. Lupus nephritis has been asso-
ciated with immune markers, including cytokines, though
few studies have established specific clinical cutoffs for these
markers. Torabinejad et al. (2012) investigated TGF-𝛽, among
other noncytokine immune molecules, and evaluated its
effect on diagnosis of lupus nephritis in patients with SLE;
the study established a cutoff point of 54.2 pg/mL TGF-
𝛽 (sensitivity: 71.4%; specificity: 95.6%) [46]. Despite low
sensitivity, the test was highly specific and can therefore be
important in obviating the need for additional diagnostic
testing, such as renal biopsies for certain patients. If further
studies are conducted to establish a cutoff with higher
sensitivity, this cytokine may be used diagnostically. A 2015
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study determined cutoffs of cytokines IL-17 and IL-6 to
diagnose lupus nephritis in patients with SLE [47]. Activity of
these cytokines was present at a significant level, both during
active disease periods and during remission. Optimal cutoffs
for diagnosing active forms of lupus nephritis using IL-6
and IL-17 were 12.3 pg/mL (AUC 93%) and 19.7 pg/mL (AUC
95%), respectively, whereas optimal cutoffs for diagnosing
lupus nephritis in remissionwere higher, at 20.8 pg/mL (AUC
80%) and 27 pg/mL (AUC 82%), respectively. Accordingly,
these biomarkers may be used not only to diagnose lupus
nephritis, but also to predict remission of the disease.

Hemophagocytic lymphohistiocytosis (HLH) is an inher-
ited immune deficiency resulting from dysfunction of T
and natural killer cells. Xu et al. (2012) considered IFN-𝛾,
TNF-𝛼, IL-10, IL-6, IL-4, and IL-2 as potential biomarkers
of this disease in pediatric febrile patients [48]. In patients
with HLH, the median level of IFN-𝛾 was 1088.5 pg/mL,
and the median level of IL-10 was 623.5 pg/mL. IL-6 was
elevated to a lesser extent, with a median level in these HLH
patients of 51.1 pg/mL, though among HLH patients with
sepsis, as expected, a higher median IL-6 level was detected
(244.6 pg/mL). Upon ROC analysis, IFN-𝛾 had a sensitivity
of 94.4% and specificity of 97.2% for diagnosing HLH at a
100 pg/mL cutoff. IL-10 did not provide considerable diagnos-
tic utility individually, but when IFN-𝛾 and IL-10 were con-
sidered at cutoffs of >75 pg/mL and >60 pg/mL, respectively,
specificity increased to 98.9% and the sensitivity increased
to 93%. However, IL-6, though it moderately increased in
these patients, did not appear to be diagnostically useful.
Despite its lack of diagnostic relevance, IL-6 levels may help
contribute to the characterization of the profile of pediatric
febrile HLH patients in its moderate level, among higher
levels of IFN-𝛾 and IL-10. It will becomenecessary to consider
nonfebrile patients in future studies due to the possibility
of the fever state contributing to the inflammatory process,
though this study and the previous studies of lupus nephritis
may be useful at gaining a preliminary understanding of the
particular levels of cytokines at which the body responds to
immune deficiencies.

5. Role of Cytokines and Their Clinical Cutoffs
in Obstetric and Gynecological Conditions

The third category of conditions where cytokines can be
evaluated as biomarkers is obstetric and gynecological condi-
tions characterized by inflammation, including endometrio-
sis, ovarian abnormalities, ectopic pregnancy, miscarriage,
preterm premature rupture of membranes (PROM), and
preterm delivery. Such conditions have been significantly
correlated with cytokines in various studies, though recently,
and perhaps more importantly, clinical cutoffs are being
established for diagnosis as well.

5.1. Endometriosis and Ovarian Cancer. Endometriosis is
a condition characterized by a variety of inflammatory
biomarkers, though diagnosis typically involves a pelvic exam
or imaging. Cytokines have the potential to aid in diagnosis
of this condition, reducing the need for costly imaging

techniques or uncomfortable physical examinations. Of a
number of proinflammatory cytokines, two have been estab-
lished as potentially useful for diagnostics, IL-6 and TNF-𝛼,
which were found to be correlated with endometriosis and
to be effective in diagnosing endometriosis in serum and
peritoneal fluid as well as in menstrual effluents. Bedaiwy et
al. (2002) found IL-6 and TNF-𝛼 to be able to distinguish
between patients with and without endometriosis with high
sensitivity and specificity, at respective cutoffs of 2 pg/mL
(sensitivity 90%; specificity 67%) and 15 pg/mL (sensitivity
100%; specificity 89%) [49]. Tortorella et al. (2014) found
significantly higher levels of IL-6, IL-1𝛽, and TNF-𝛼 in
menstrual effluents of women diagnosed with endometriosis
compared to healthy subjects, though they found limited
diagnostic capability of each of these cytokines individually
[50]. However, when combined (IL-6 combined with TNF-𝛼
or IL-6 combined with IL-1𝛽), the cytokines provided diag-
nostic sensitivity of nearly 100% when at least one cytokine
was above the diagnostic value and provided a near 100%
specificity when both cytokines in a combination exceeded
their cutoff values: IL-6, 8,968 pg/mL; TNF-𝛼, 203 pg/mL.
Logistic regressions demonstrated the combination of IL-
6 and TNF-𝛼 to be significantly predictive of chronic
endometriosis diagnosis, confirming their use as diagnostic
tools, as suggested by ROC analysis. It is important to note,
however, that the IL-6 and TNF-𝛼 cutoffs differ greatly
between the two studies, warranting future work to narrow
this range of diagnostic cutoffs. More studies in this area
have the potential to avoid unnecessary invasive diagnostic
procedures for endometriosis by providing the capacity for a
test of either serum, peritoneal fluid, or menstrual effluent, to
diagnose or eliminate the probability of disease.

Ovarian cancer has also been associated with a variety of
cytokines, though it has only been investigated with respect
to diagnostic utility. Chechlinska et al. (2007) measured a
number of cytokines (VEGF, IL-6, bFGF, IL-8, and M-CSF)
in peritoneal fluid of untreated ovarian cancer patients and
those with benign ovarian tumors [51]. Although IL-6, VEGF,
and CA 125 all were elevated in ovarian cancer patients, and
bFGF andM-CSF were decreased in these patients, only IL-6
and VEGF were significantly elevated in stagees I and II can-
cer patients. For these two significantly associated cytokines,
two cutoff levels were tested: 400 pg/mL and 1200 pg/mL. At
these two cutoffs, IL-6 had a sensitivity of 92% and 84%,
respectively, and a specificity of 60% and 87%, respectively.
At a cutoff of 400 pg/mL, VEGF had a sensitivity of 90% and
a specificity of 80%. Accordingly, measurements of these two
cytokines in peritoneal fluids may be useful for identifying
malignant versus benign ovarian tumors upon first diagnosis.
Gorelik et al. (2005) considered a wider range of cytokines in
serum, including IL-6, IL-8, EGF, VEGF, MCP-1, and cancer
antigen-125, due to evaluated significance in correlations [52].
These cytokines were analyzed through classification tree
analysis to determine their optimal combinations to diagnose
ovarian cancer. A tree combining all of the aforementioned
cytokines, exceptingMCP-1, was generated to diagnose ovar-
ian cancer versus controls with sensitivity 84% and specificity
95%; a tree combining CA-125, G-CSF, IL-6, EGF, and VEGF
was generated to distinguish ovarian cancer from benign
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ovarian tumors with sensitivity 86.5% and specificity 93%.
Both of these studies suggest IL-6 and VEGF as possible
diagnostic biomarkers for ovarian cancer with reasonable
sensitivities and specificities for clinical applications.

5.2. Ectopic Pregnancy and Miscarriage. Ectopic pregnancy
has been correlated with proinflammatory cytokines, includ-
ing IL-2R, IL-6, IL-8, and TNF-𝛼, and these cytokines have
been investigated as diagnostic biomarkers with specific
cutoffs. These four cytokines were measured in serum levels
of women with miscarriage, normal intrauterine pregnancy,
and ectopic pregnancy (EP). One study found that higher IL-
8, IL-6, and TNF-𝛼 were present in women with EP when
compared towomenwithmiscarriage and normal pregnancy,
though only IL-8 yielded a cutoff, of 40 pg/mL, for predicting
ectopic pregnancy with notable sensitivity and specificity
(82.4% and 81.8%, resp.) [53]. Another study found potential
utility of serum IL-6 and IL-8 in diagnosing ectopic preg-
nancy, as compared to normal intrauterine pregnancy and
miscarriage [54]. However, this study only found IL-6 to yield
remarkable sensitivity and specificity for ectopic pregnancy
diagnosis at a cutoffof 26.48 pg/mLanddidnot find IL-8 to be
significantly predictive of the condition at any cutoff. Based
on these findings, it is possible that within a larger study, IL-
6, IL-8, or a combination of the twomay be determined useful
as noninvasive markers for predicting ectopic pregnancy.

5.3. Preterm PROM and Preterm Delivery. Preterm PROM is
characterized by rupture of the amniotic sac before the fetus
is carried to term and is often associated with inflammation
due to microbial invasion, as indicated by amniotic fluid
cytokine levels obtained through amniocentesis. The associ-
ated inflammation and microbial invasion in this condition
have been most conclusively correlated with proinflamma-
tory IL-6 in amniotic fluid, though the specific cutoffs of this
biomarker suggest the disease have only been recently and
preliminarily investigated. Kacerovsky et al. (2014) sought to
evaluate the diagnostic utility of IL-6 in diagnosingmicrobial
invasion of the amniotic cavity in PROM pregnancies; a
cutoff of 1000 pg/mL IL-6 in amniotic fluid was determined
to be the optimal diagnostic level for identifying microbial
amniotic invasion (sensitivity 50%, specificity 95%) [55]. The
study also identified a 1000 pg/mL cutoff in PROM patients
for identifying histological chorioamnionitis in combination
with microbial amniotic invasion (sensitivity 60%, specificity
94%). However, amniocentesis is extremely invasive, prompt-
ingMusilova et al. (2016) to test cytokine levels in vaginal fluid
of pregnant women in an attempt to predict preterm PROM-
related inflammation in a less invasive manner [56]. IL-6 was
determined to be associated with microbial invasion of the
amniotic cavity, as well as intra-amniotic inflammation and
microbial-associated intra-amniotic inflammation, and was
able to predict these conditions at a cutoff of 2500 pg/mLwith
high sensitivity and specificity: 53% and 89%, 74% and 91%,
and 100% and 90%, respectively. These consistently higher
specificity values suggest the ability of IL-6 to distinguish
between pregnant women with and without PROM-related
inflammation.

Like preterm PROM, preterm delivery has also been
linked to IL-6, though preterm delivery has additionally been
correlated with IL-8. These cytokines have primarily been
measured in cervicovaginal fluid to evaluate their diagnostic
utility due to ease of access and limited cost. Woodworth
et al. (2007) investigated IL-6 in cervicovaginal fluid to
predict early delivery, finding a 35% sensitivity value and 91%
specificity value at a 250 pg/mL [57]. Odds ratios supported
this finding, testing IL-6 as a predictor of preterm delivery,
with statistical significance (𝑝 = 0.0001). The IL-6 : albumin
ratio provided significance on a lower confidence interval
and did not yield a similarly high sensitivity or specificity.
Nonetheless, IL-6 levels are suggested to be predictive of
preterm delivery within 14 days as an inexpensive and limit-
edly invasive diagnostic method. Gandevani et al. (2011) also
found IL-6 to predict preterm delivery, though Gandevani et
al. found IL-8 to be predictive of this condition [58]. Fourfold
and nearly fivefold increases in IL-6 and IL-8 concentrations
were found in preterm versus normal deliveries, respectively.
Cutoffs of these cytokines for predicting early preterm deliv-
ery were determined as 751.25 pg/mL IL-8 and 157 pg/mL
IL-6 (sensitivities of 89% and specificities of 83% and 78%,
resp.). Likewise, Shahshahan and Hashemi (2014) found
results suggesting IL-6 and IL-8 to be diagnostic markers
for preterm labor and delivery [59]. However, Shahshahan
and Hashemi (2014) measured the two cytokines in serum of
pregnant womenwith and without preterm labor, rather than
in cervicovaginal fluid, finding IL-6 to have a lower optimal
cutoff for predicting preterm labor of 37.8 pg/mL and IL-8
to have a lower optimal cutoff of 9.5 pg/mL. Cytokine levels
were also evaluated to predict response to tocolytic therapy
in pregnant women with preterm delivery, with cutoffs of
45 pg/mL for IL-6 and 171 pg/mL for IL-8. These studies
suggest the possibility of both IL-6 and IL-8 as predictors
of preterm delivery and the response of such pregnancies to
tocolytic therapy, though further work must be conducted to
narrow the range of cutoffs for diagnostic utility.

6. Conclusion

6.1. Future of Cytokine Research in the Diagnostic Field.
Many of the studies mentioned above are unprecedented
in their search for cytokine cutoffs to aid in diagnosis of
particular conditions, as many studies simply search for
correlations between cytokines and disease states without
evaluating specific clinical cutoffs. Although cytokines are
implicated in various disease states and are dependent upon
a variety of pathways, studies such as those reported in
this review demonstrate the possibility of using cytokines
or combinations of cytokines, in addition to other factors,
to diagnose various immunologically implicated conditions
with greater ease and accuracy, and at a lower cost.

The establishment of clinical cytokine cutoffs for various
conditions may be facilitated by future improvement in
our understanding of normal cytokine profiles. To better
understand cytokine levels and to establish diagnostic cutoffs
in disease states, it is important to first characterize normal
cytokine levels in various populations and to understand how
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cytokines interact andmodulate in various biochemical path-
ways in healthy individuals. Particularly, if lack of research in
certain diseases’ areas prevents the use of cytokines alone in
diagnosis, gaining a better understanding of normal cytokine
profiles will also allow confirmation and supplementation
or reconsideration, of diagnoses made through other diag-
nostic methods and clinical features. Further, as normal and
diagnostic cutoffs for these biomarkers become elucidated,
cytokines may be considered to improve patient outcomes
when definitive diagnosis is not possible with clinical features
alone. Many diseases have very similar clinical features, and
therefore establishment of pathological cytokine profiles may
aid in differentiation of such conditions.

Due to the limited number of studies investigating effec-
tiveness of particular cytokine cutoffs as diagnostic tools,
further studies must be conducted to narrow diagnostic
ranges. Such a narrowing of diagnostic ranges will facilitate
confirmation or rejection of diagnoses suggested by other
clinical features to ultimately improve patient outcomes.
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