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Abstract
Limitations of assay variability, labor costs, and availability of cells can affect the conduct of large
population-based studies. The ability to determine optimal conditions for laboratory assessment of
immune outcomes, including measurement of cytokines, can reduce the number of peripheral
blood mononuclear cells (PBMCs) needed, reduce the labor costs involved, and the variability in
secreted cytokine response by pooling cytokines from the same cell culture supernatant.
Previously, we used response surface methodology to predict optimal conditions for vaccinia
virus-stimulated cytokine responses in recipients of smallpox vaccine. Here we apply the same
approach for a measles vaccine study.

PBMCs were collected from vaccinated subjects, and seven cytokines (IFN-γ, IL-2, TNF-α,
IL-10, IFN-α, IFN-λ1, and IL-6) involved in measles virus-specific cytokine immune responses
were examined. PBMCs were stimulated with differing multiplicity of infection (MOI) and days
in culture (incubation time). Response surface methodology was used to select the optimal MOI
and incubation time for each secreted cytokine.

Our results demonstrate that each cytokine’s optimal conditions (MOI and incubation time) differ
for each virus (measles vs. vaccinia) and each cytokine’s optimal conditions for each virus can be
predicted using response surface methodology. These conditions allow for cytokines with
overlapping optimal conditions to be pooled from the same supernatant in culture to reduce the
number of PBMCs used, the costs involved, and assay variability. Therefore, response surface
methodology is an effective technique that can be used to optimize antigen-specific secreted
cytokines prior to population-based studies.
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Introduction
Cytokines play an important role in the immune response following vaccination via their
role in the regulation of innate and adaptive immunity (Ovsyannikova et al., 2003). Specific
to measles virus, the cytokine response is primarily driven by CD4+ T cell subsets and
inflammatory cytokines (Dhiman et al., 2005). As recent studies show, these cytokines may
be effective markers used to quantify cell-mediated responses following vaccination
(Ovsyannikova et al., 2003). Understanding both the mechanism and functions of cytokine
pathways is important to comprehend the immune response post-vaccination (Ryan et al.,
2009).

Although optimal conditions of viral multiplicity of infection (MOI) and incubation time to
detect cytokine response have been published for smallpox (vaccinia) vaccine studies (Ryan
et al., 2009), no such data are available for measles vaccine studies. Here we describe new
findings of optimized cytokine assay conditions in response to measles virus stimulation
based on response surface methodology. We compare the results to previous findings based
on vaccinia virus stimulation in order to be able to optimize antigen-specific secreted
cytokines prior to different population-based studies.

Material and Methods
We used cryopreserved peripheral blood mononuclear cells (PBMCs) from three measles-
mumps-rubella (MMR) vaccinated donors who were selected based on their measles virus-
stimulated IFNγ secretion values determined by ELISA. Cells were isolated, cryopreserved
and subsequently thawed for culture in RPMI-1640 culture media (Gibco, Life
Technologies, Grand Island, N.Y.) containing 5% fetal calf serum (Hyclone), as we have
previously described (Ryan et al., 2009; Dhiman et al., 2010). Measles virus (Edmonston
vaccine strain) was grown and titered on Vero cells, as previously described (Haralambieva
et al., 2010). Cytokines were quantified in cultured PBMCs (in 96-well plate format, 2 × 105

cells per well) following in vitro live measles virus stimulation (in triplicate) or in
unstimulated cell cultures (also in triplicate), using a modified surface response
methodology matrix with combinations of MOIs and incubation times as follows (Table 1):
MOIs of 0.05, 0.1, 0.5, and 1 and length of cell culture of 12 h, 24h, 48h (2 days), 72h (3
days), 96h (4 days), and 120h (5 days) (Ryan et al., 2009). Due to limitations in the number
of PBMCs, the experiment focused on a subcollection of combinations based on
methodological findings from our earlier studies and the literature (Ryan et al., 2009;
Dhiman et al., 2010; Haralambieva et al., 2010). Cells stimulated with 5μg/mL PHA
(Sigma) were used as a positive control. Cell-free supernatants were harvested and used for
cytokine measurements by ELISA following the manufacturer’s recommendations for each
kit (R&D Systems, Minneapolis, MN for IFN-λ1; Mabtech, Cincinnati, OH for IFN-α and
BD Biosciences Pharmingen, San Diego, CA for the remaining cytokines) (Haralambieva et
al., 2010).

Identification of the optimum time and MOI combinations of selected cytokines (IFN-γ,
IL-2, IL-6, IL-10, TNF-α, IFN-α, and IFN-λ1) was carried out using response surface
methodology (Ryan et al., 2009; Dhiman et al., 2010). This method possesses all of the
desirable characteristics inherent in any regression model, including the ability to interpolate
and estimate values of the response variable at unmeasured levels of the experimental
variables. For each cytokine of interest, we modeled secretion as a quadratic response
function of the (log-transformed) time and MOI variables, resulting in a three-dimensional
surface that ideally resembles a convex “hill,” with a corresponding peak occurring at the
estimated point of maximum cytokine secretion. Cytokine secretion was modeled as the
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difference between the mean of the stimulated cell and the mean of the unstimulated cells,
divided by a pooled standard error estimate. Our methods are identical to those described
previously (Ryan et al., 2009). Briefly, after determining the estimated peak secretion value,
and the combination of time and MOI at which this occurred, we calculated the standard
error of the response at that point. All such values of time and MOI that yielded an estimated
response falling within one standard error of the peak value were considered statistically
equivalent to the peak. Specific values of the factor combinations were then selected for
each of the cytokines being studied. All analyses were carried out using the SAS software
system (SAS Institute, Inc., Cary, N.C.).

Results
Subjects’ PBMCs were stimulated with measles virus and the optimal conditions were
separately determined by response surface methodology for each cytokine. The response
surface for IL-10 secretion is shown in Figure 1 as a representative example. The peak in the
three-dimensional surface of Panel A depicts the maximum cytokine response. The two-
dimensional surface in Panel B displays all the points within one standard error of the
maximum. Any point contained within the values displayed in Panel B was eligible to be
chosen as the “optimal laboratory conditions.” The optimal conditions and ranges for each
measles and vaccinia virus-specific secreted cytokine as determined using this methodology
are shown in Table 2. Cytokine-specific optimal conditions differ across pathogens,
sometimes dramatically (e.g., IL-6 and IL-2). Specific cytokines with overlapping optimal
conditions for measles virus were pooled together, which allowed for the same supernatant
from cultures to be used to detect different cytokines. This saved time, money, samples, and
labor. Cytokines TNF-α and IFN-α were pooled at 24 hours at an MOI of 1.0. Cytokines
IL-2 and IL-10 were pooled at 48 hours at an MOI of 0.5. Finally, cytokines IL-6, IFN-γ,
and IFN-λ1 were pooled at 72 hours at an MOI of 1.0.

Discussion
Using response surface methodology, we were able to identify the optimum incubation time
and MOI combinations of selected cytokine assays (IFN-γ, IL-2, IL-6, IL-10, TNF-α, IFN-
α, and IFN-λ1). Cytokines from cultures were pooled within a range of 24 to 72 hours and
an MOI of 0.5 to 1.0. In a previous study, our group determined optimal conditions for
vaccinia-specific secreted cytokines (Ryan et al., 2009). Our current results for measles virus
show that optimal secreted cytokine conditions differ for measles and vaccinia viruses. For
each viral antigen, this methodology can optimize secreted cytokine responses, ultimately
improving the ELISA assay by reducing PMBCs used and assay variability.

Young et al. (Young et al., 2008) suggested the requirement for an affordable and effective
way to measure cytokines. Many new techniques such as multiplex, flow cytometry, and
mass spectrometry have advantages in measuring cytokines, yet disadvantages lie in their
sensitivity, complications, and cost (Young et al., 2008) (Osuchowski et al., 2005)
(Listvanova et al., 2003) (Bozza et al., 2007). However, the ELISA assay has many
advantages including simplicity, effectiveness, quantification of antigen-specific release of
each cytokine, and relatively low cost. Disadvantages include the need for large amounts of
PMBCs and limits in detection. These disadvantages can be overcome through response
surface methodology-predicted values by pooling cytokines from the same supernatant in
culture to reduce PBMCs used and assay variability. This eliminates any variables
associated with different blood draws and handling conditions (Osuchowski et al., 2005)
(Ryan et al., 2009) (Listvanova et al., 2003) (Ray et al., 2006).
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The strength of our study is that the optimization and pooling of supernatants substantially
limited the number of PBMCs needed for cytokine quantification and the technicians time
and labor costs for assays. Using response surface methodology, incubation times could be
predetermined, thereby eliminating the need to test every single time and MOI combination
(12.6×106 cells used compared to 4.2×107 cells for each subject). In addition to the optimal
levels, optimal ranges were discovered that permitted cytokine pooling, which allowed
several cytokines to be assayed from the same supernatant, reducing the number of PBMCs
used (4.6×107 cells used compared to 1.8×108 cells for each subject)(Ryan et al., 2009; Ray
et al., 2006).

A limitation of the study design was that the optimal conditions for measles virus-stimulated
cytokine responses that were originally determined using the same response surface
methodology matrix (as previously used for vaccinia virus) did not always reflect measles
virus-specific stimulation. While using this same matrix for vaccinia virus, each measles
virus-specific cytokine had an optimal MOI of 5.0 and many had optimal incubation times
of up to eight days (IL-6, IFN-α, IFN-λ1). It is likely that cytokine release in cell cultures
with prolonged incubation periods reflect cell death and not virus stimulation. Excluding an
MOI of 5.0 and incubation times longer than five days gave more relevant (antigen
stimulated) virus-specific cytokine response.

In summary, using response surface methodology, we optimized MOI and incubation
conditions for determing the optimal conditions for measles-specific cytokine secretion in
subjects’ PBMCs after measles vaccination. This approach allowed for a reduction in assay
variability and number of PBMCs needed, as well as labor costs. Our results indicate the
applicability of this methodology to optimize secreted cytokine responses for each specific
viral antigen in large population-based studies.
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Highlights

• Response surface methodology can predict optimal cytokine response by MOI
and incubation time.

• The procedure reduces labor and the number of PBMCs used by optimizing and
pooling cytokines.

• Different results for measles and vaccinia viruses indicate the need to optimize
across different experiments.
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Fig. 1.
A) Response surface methodology cytokine optimization strategy for IL-10 stimulated with
live measles virus. Panel A depicts the three-dimensional surface response plotting log of
MOI and time. For IL-10, maximum response occurred at an MOI of 0.5 and 41 hr.
B) Response surface methodology cytokine optimization strategy for IL-10 stimulated with
live measles virus. Panel B depicts all times and MOIs that fall within one standard error of
the maximum (statistically significant to the maximum). All values are recorded as their
original sampling units.
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