1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Hum Immunol. Author manuscript; available in PMC 2018 June 22.

-, HHS Public Access
«

Published in final edited form as:
Hum Immunol. 2017 September ; 78(9): 574-581. doi:10.1016/j.humimm.2017.07.005.

Cytokine balance and behavioral intervention; findings from the
Peer Approaches to Lupus Self-Management (PALS) project

Edith M. Williams?, J. Madison Hyer& Ramakrishnan Viswanathan?, Trevor D. Faith?3,
Leonard EgedeP, Jim C. Oates®d, and Gailen D. Marshall®

aDepartment of Public Health Sciences, Medical University of South Carolina, 135 Cannon Street,
Suite CS303, Charleston, SC 29425, USA

bDepartment of Medicine, Medical College of Wisconsin, Clinical Cancer Center Building, 5th
Floor, Suite C5400, 9200 W Wisconsin Ave, Milwaukee, WI 53226, USA

¢Division of Rheumatology and Immunology, Medical University of South Carolina, 96 Jonathan
Lucas St, Suite 8, Charleston, SC 29425, USA

dRheumatology Section, Medial Service, Ralph H. Johnson VA Medical Center, 109 Bee Street,
Charleston, SC 29401, USA

eDivision of Clinical Immunology and Allergy, University of Mississippi Medical Center, 2500 North
State Street, N416, Jackson, MS 39216, USA

Abstract

The Peer Approaches to Lupus Self-Management program sought to address the disparate impact
of systemic lupus erythematosus (SLE) on African American women through a peer mentoring
intervention with aims of reducing stress, anxiety, and depression. Given the association between
psychological health and immune function this study examines the relationship between patient
reported outcomes (PROs) in these domains and immunologic indicators of disease activity.
Twenty-three African American women with SLE served as mentees in the intervention from
whom PRO measures were collected at the outset, midpoint, and end of the 12 week pilot study.
Blood samples were collected pre- and post-intervention. Plasma was collected from the samples
and cryopreserved for subsequent analyses. The strongest correlations were between the
Generalized Anxiety Disorder measure and Th1/Th2 cytokine balance. Weaker correlations
existed between depression and the Th1/Th2 cytokine balance. Assessment of fresh versus
cryopreserved samples revealed that changes in Th1/Th2 cytokine balance within the intervention
were generally equivalent, regardless of sample type. The PALS intervention resulted in significant
improvements to anxiety and depression levels which were significantly associated with positive

Correspondence to: Edith M. Williams.

Conflicts of interest
None to declare.

Author roles

EMW was the principal investigator and LE, GM, and JO were senior co-investigators. GM specifically oversaw blood collection and
analysis protocol. TF was involved in intervention development, implementation, evaluation, data analysis and manuscript writing.
MH was involved in data analysis and manuscript writing, and VR provided statistical oversight. All authors read and approved the
final version for publication.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Williams et al.

Page 2

changes in Th1/Th2 cytokine balance indicating a possible underlying mechanism of action. The
nature of this relationship warrants further study.
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1. Introduction

Systemic Lupus Erythematosus (SLE or lupus) is a chronic autoimmune disease with acute
periodic flare-ups of symptoms impacting any organ system and resulting in potentially life-
threatening complications [1,2]. Other significant complications of treatment include weight
gain, osteoporosis, osteonecrosis, accelerated atherosclerosis, and retinal damage [1-3].
Symptoms and side effects and complications can lead to significant functional and
emotional challenges [4-7]. Patients often experience a high degree of psychological
symptoms, including anxiety, depression, mood disorders, and decreased health-related
quality of life [8-20].

Lupus disproportionately affects women and nonwhites [21,22]. Racial and ethnic
minorities, the poor, and those lacking medical insurance and education are at highest risk
for the prevalence, morbidity, and mortality associated with lupus [21,23-25]. Thus, the Peer
Approaches to Lupus Self-Management (PALS) program was developed for African
American women, as a culturally tailored peer mentoring intervention to help address the
disparate impact SLE can have on this vulnerable population. In studies of predominantly
low income and minority populations, peer mentors have been shown to help support healthy
behaviors along with improved medication adherence and blood glucose monitoring in
people with diabetes [26—-39]. Additionally, there is some evidence that peer mentoring has
also led to improvements in positive affect, sleep, social coping, and perception of bodily
pain in rheumatic conditions [40,41]. Thus SLE is an optimal condition within which to test
the effectiveness of the peer mentoring approach due to its high burden in African American
women. To determine the effectiveness of the PALS intervention on the mentees, validated
patient reported outcomes (PROs) were assessed.

Humoral autoimmunity in SLE is typically characterized as a Th2 dominant disease, likely
in part due to reduced function or activity of regulatory T cell components [42]. Previous
studies have assessed the relationships between stress, social support, and anxiety with
immune function [43]. These studies have shown that high levels of psychological stress
(including anxiety, worry and depression) are associated with altered regulatory T cell
numbers and an altered Th1/Th2 balance (decreased IFNg and/or increased 1L4) [44-46].
There is also evidence in scientific literature that links chronic stress and SLE disease
activity [43]. The consensus of these studies has determined that long term stress, low levels
of social support, and high levels of anxiety can lead to immune dysregulation and reduced
function [47,48]. While the action of social support is not fully understood, it has been
shown that stress and anxiety can alter the expression of genes vital in immune response
[47,48]. Several Given the connection between stress and immune function, the suspected
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mechanism of action for this particular behavioral intervention is that it reduces stress and
other associated psychosocial factors and in turn, positively impacts immune function. For
this reason, there may be a relationship between the PROs associated with anxiety, worry,
and depression and immunologic evidence of disease risk/activity. To ensure measurement
of several relevant outcomes, PRO’s assessed in the present study included disease self-
management, measured with the Patient Activation Measure (PAM); health related quality of
life (HRQOL), measured by the Lupus Quality of Life (LUP-QOL) questionnaire; and self-
reported disease activity, measured with the Systemic Lupus Activity Questionnaire
(SLAQ); along with standardized measures of stress (PSS), anxiety (GAD-7), and
depression (PHQ-9). Determining an association of a particular PRO with biological
processes might suggest that particular outcome is worth studying and using as an endpoint
to refine the intervention and monitor its effect in patients.

The hypothesis is that such interventions will change behavior, which will lead to changes in
health. However, there is a gap in the literature regarding whether there is an actual biologic
mechanism (i.e., physiological changes to the immune expression of Th1/Th2 cytokine
balance) that might lead to change in disease condition as well. Therefore, the primary aim
of this study was to determine the effect of the PALS peer mentoring intervention on T cell
immune function the relationship between PROs and immune profiles associated with
disease activity as determined by blood Th1/Th2 cytokine imbalance to suggest such a
mechanism. The second aim of this study was to validate our collection, storage, and
analysis protocols in order to inform other trials as to the value and limitations of using
cryopreserved mononuclear cell samples to determine these profiles.

2. Materials and methods

2.1. Intervention

The Peer Approaches to Lupus Self-Management (PALS) study was a single arm, pre-post
pilot in which African American women with lupus were recruited from the Medical
University of South Carolina (MUSC) P60 Multidisciplinary Clinical Research Center
(MCRC) longitudinal cohort who consented to contact about research and through physician
referral. The peer mentoring intervention (patients were matched with peer mentors who
were considered competent in the management of their condition to provide modeling and
reinforcement to participants) occurred by telephone for approximately 60 min every week
for 12 weeks. Weekly content was adapted from the six modules of the Chronic Disease
Self-Management Program (CDMP), Arthritis Self-Management Program (ASMP), and
Systemic Lupus Erythematosus Self-Help (SLESH) Course [49-53], and further tailored to
African American women with six added sessions based on cultural issues reported as
important to African Americans in earlier research conducted by the principle investigator
[54-56].

2.2. Participants

All participants were selected from a longitudinal observational web-based SLE database at
the Medical University of South Carolina (MUSC), and these patients are seen on a regular
basis in the MUSC lupus clinics. All participants meet at least four components of the 1997
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American College of Rheumatology (ACR) revised criteria for SLE and have disease
activity information available, as well as quality of life measures obtained in the database
questionnaire [57]. This study was approved by the Medical University of South Carolina’s
IRB and written informed consent was obtained from all participants prior to study
enrollment. As part of the informed consent process, participants agree to future re-contact
regarding other research studies.

2.3. Data collection

Since this was a pilot investigation to obtain preliminary results that could inform
development of a larger study, our goal was to assess changes in SLE patients; not
differences between patients and controls. Therefore, we adopted a pre/post study design
within which participants served as their own control. Primary outcomes of the study
included PROs as well as Th1/Th2 balance in peripheral blood mononuclear cells. Study
questionnaires were carefully chosen based on available evidence and in order to measure
key elements of the study aims. The primary method of data collection was face to face
interview. Mentees were assessed during study visits at baseline (0 weeks), mid-intervention
(6 weeks post-enrollment), and immediately following the intervention (12 weeks post-
enrollment) for PROs. Blood collection was achieved by in-person lab visits at the baseline
and post intervention time points. The MUSC REDCap system was used for data
management. REDCap (Research Electronic Data Capture) is a secure, web-based
application designed exclusively to support data capture for research studies [58]. Quality of
life was measured using the Lupus Quality of Life measure (LUP-QOL) which incorporates
the Medical Outcomes Study (MOS) Short Form 36 Health Survey (SF-36) and the
Functional Assessment of Chronic Illiness Therapy-Fatigue (FACIT-F). The questionnaire
includes questions pertaining to physical function, role function, social function, mental
health, health perception and pain [59,60].

Patient reported depression was assessed using the Patient Health Questionnaire (PHQ)-9
which is a brief questionnaire that scores each of the 9 DSM-IV criteria for depression as
“0” (not at all) to “3” (nearly every day). PHQ-9 score >or =10 have a sensitivity of 88% and
a specificity of 88% for major depression. PHQ-9 scores of 5, 10, 15, and 20 represent mild,
moderate, moderately severe, and severe depression, respectively [61,62].

Anxiety and General Anxiety Disorder (GAD) was assessed using the 7-item anxiety scale
(GAD-7). This is a valid and efficient tool for screening for GAD and assessing its severity

in clinical practice and research. Response options are “not at all”, “several days”, “more
than half the days”, and “nearly every day”, scored as 0, 1, 2, and 3, respectively [63].

The perceived stress scale (PSS) was used to determine patient reported stress levels. It is a
4-item scale that assesses the degree to which the respondent finds situations stressful
[64,65]. Responses range from “0” (never) to “4” (very often) and questions ask about the
frequency of feelings related to events in the previous month. The Cronbach alpha value is
0.69 and scores are highly correlated with stress, depression and anxiety.

Self-management was measured using the Patient Activation Measure (PAM) [66,67]. The
PAM assesses an individual’s knowledge, skill, and confidence for managing their health
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and healthcare. The PAM survey measures patients on a 0-100 scale and can segment
patients into one of four activation levels along an empirically derived continuum, including
“Believes Active Role Important”, “Confidence and Knowledge to Take Action”, “Taking
Action”, and “Staying the Course under Stress”. Each activation level reveals insight into an
array of health-related characteristics, including attitudes, motivators, behaviors, and
outcomes. We attempted to obtain records of patient compliance from electronic medical
records (EMRs) or the clinical data warehouse (CDW), for further validation of treatment
engagement/adherence, if such data was available.

Lastly for patient reported outcomes, disease activity was assessed. The Systemic Lupus
Activity Measure (SLAM) is a physician-rated, 31-item instrument that assesses symptoms
and objective findings in the month prior to evaluation, in nine organ systems and seven
laboratory items [109-111] [68—70]. Disease activity was assessed using the Systemic Lupus
Activity Questionnaire (SLAQ) [70], which is based on items from the SLAM that could be
self-reported. It asks a single Patient Global Assessment (PGA) question about presence and
severity of lupus activity over the past month, questions on 24 specific symptoms of disease
activity and a single Numerical Rating Scale (NRS) asking the patient to rate disease activity
on a scale of 0-10 over the past three months with the 0 anchored by ‘no activity’ and 10
anchored by ‘most activity’. Likert responses with four response categories (no problem,
mild, moderate, severe) are used for the PGA and specific symptom questions.

Given the significance of stress effects on immune function, analysis of blood immune-
phenotype and T cell activation for intracellular cytokine detection was achieved by flow
cytometry, within the singlet cell gate, after labeling with commercial monoclonal antibodies
using methodology previously described [71]. Immune profiles associated with disease
activity were determined by Th1/Th2 cytokine balance in peripheral blood mononuclear
cells (PBMC). Blood samples were collected according to procedural guidelines of the
MCRC (P60AR062755) at MUSC, with special instructions to the phlebotomist for venous
blood to be collected from subjects within the same two-hour span of the day to control for
diurnal variation and to allow the blood to completely fill each tube (the tubes were made
with a vacuum that displaced exactly 10 ml of blood when the blood flow stops). The tubes
were then gently inverted 10 times immediately after collection to prevent clotting. The
tubes were stored and shipped at room temperature. If refrigerated, the cells would not be
viable for the procedures. Two tubes per participant were collected at each time point;
inverted adequately to prevent clotting; labeled and packaged for room temperature shipping
via FedEx or UPS; and shipped to the University of Mississippi the day of collection. Once
samples were received the following morning, peripheral blood mononuclear cells were
isolated, the amount of PBMC needed for the fresh flow analysis used and the remaining
PBMC were cryopreserved at —80 °C as previously described [72]. After enrollment
completion, and freezing of all samples, cryopreserved samples were thawed for batch flow
analysis. Cryopreserved samples have been reported to have the same relative T cell profile
as fresh [73].
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2.4. Analysis of cytokine expression in peripheral blood mononuclear cells (PBMC)

For analysis of blood Th1/Th2 cytokine balance, mentored lupus patients had blood drawn
within the same two-hour time span before and after mentoring. Fresh samples were
analyzed within 24 h of collection. Cryopreserved pre and post intervention samples were
batched until all were received, at each time point (see Fig. 1). Therefore, the maximum
length of time that pre-intervention samples were cryopreserved was 83 days (range = 56-83
days) and the maximum length of time that post-intervention samples were cryopreserved
was 34 days (range = 18-34 days). The basic immunophenotyping panel for analysis of
circulating cell populations included the following markers: CD3 (mature T cells), CD4 (T
helper/inducer), CD8 (T suppressor/cytotoxic), CD25 (IL-2 receptor), FoxP3 (T regulator),
IL10 (T reg suppressor), IFNy (T helper 1), IL4 (T helper 2), and TGFB1 (Treg suppressor).
For the separate detection of intracellular cytokines, isolated PBMC were stimulated with
phorbol myristate acetate (PMA), lonomycin and monensin for 5 h at 37 °C and 5% CO2.
Paraformaldehyde-fixed cells were stained for cytokine markers (interferon -y, IFN+y, and
IL4) and surface markers (CD3 and CD8). Cells were analyzed on a Beckman Coulter
Cytomics FC 500 flow cytometer, with gating and analysis performed as described [44,74].
Isotype-matched control antibodies defined negative staining. Th1 cells were defined as
CD3+, CD8-, IFN+y+, IL4—. Th2 cells were defined as CD3+, CD8-, IFNy—, IL4+. Treg
cells were defined as CD4+, CD25M9N FoxP3+ [73]. The ratio of Thl to Th2 was the
primary endpoint of this analysis. Finally, the bivariate relationship between fresh and
cryopreserved values and patient reported disease activity and quality of life outcomes were
determined to assess how well these particular markers of immunological balance predicted
patient reported outcomes. Since this was a pilot investigation to obtain preliminary results
that could inform development of a larger study, examining both fresh and cryopreserved
samples was in line with study goals to explore both assay variability and association with
outcomes to inform future research.

2.5. Statistical analysis

Descriptive statistics are presented as frequencies (percentages) for patient demographics
and as means (standard deviations) for cytokine measures. To assess cytokine differences
between fresh and cryopreserved and between time points, repeated measures mixed-effects
regression model analysis, in which the cytokine measure was the dependent variable, time
and group (fresh/cryopreserved) and their interaction were the independent variables, was
performed. We controlled for recovery (cells recovered from cryopreserved aliquot) and
viability (live, intact, thawed cells) by including them as covariates. Post-hoc comparisons
were made based on the least square means using t-tests. Similarly, repeated measures
analyses were performed to assess the relationships between cytokines Th1/Th2 and Treg
with patient reported disease activity and quality of life outcomes. A backward stepwise
approach was used to identify a parsimonious model. A model was considered final when
either both cytokines were removed or all remaining variables were found statistically
significant. Statistical significance was assessed at a = 0.05. (Given that this is a pilot study,
no correction for multiple comparisons was considered.) All analyses were performed using
SAS v9.4.
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3. Results

Our study had a total of 23 subjects, the majority were 35 or older (N = 19; 82.6%), married
(N = 21; 91.3%); and college educated (N = 14; 63.6%) (See Table 1).

Means and standard deviations for fresh and cryopreserved values taken at both time points
are presented in Table 2. Comparisons of fresh and cryopreserved samples showed
differences in only one cytokine at baseline, namely Th1l (Table 3), which had a greater
cryopreserved value than fresh value. At the follow-up visit, all cytokines but Th1/Th2 and
Th1 showed a significant difference. For Th2, Th17, and Treg, the cryopreserved samples
had a larger concentration than fresh samples. For Tr1, the cryopreserved samples had a
smaller concentration than fresh samples. (Table 3). Cell recovery was significantly reduced
at follow-up compared with baseline (Table 2).

When comparing fresh and cryopreserved cytokine levels across time points, we saw a
significant increase for cytokine Th2 for fresh samples (Table 4). For cryopreserved samples,
a significant change was seen in all cytokines except Th1/Th2 balance, but changes were not
in a consistent direction. We detected a significant decrease in concentration for cytokines
Th1 and Trl and a significant increase in concentration for cytokines Th2, Th17, and Treg
(Table 4).

Of the PROs investigated, Th1/Th2 was significantly associated with GAD total (§ = 0.09, p
=0.028) and had a moderately significant (at 10% level) association with depression total (
=0.07, p = 0.076) (see Fig. 2). There were no significant associations observed between
cytokines and disease activity, and Treg was not found to be associated with any of the
investigated PROs. There were no observed differences in associations between cytokine
level and PRO, according to whether the cytokine level was based on a fresh or
cryopreserved sample.

4. Discussion

Using common data elements pooled from participants in the PALS program we were able
to assess the correlations between PROs and immunologic evidence of disease activity. In
our study, the strongest correlations were between GAD and Th1/Th2 cytokine balance.
Weaker correlations existed between depression and the Th1/Th2 cytokine balance.
Observed levels of correlation may be due to the known actions that stress, anxiety, and
depression can have on the expression of genes related to immune function [48]. These
findings are consistent with other investigations that have observed that stress and anxiety
can alter the expression of genes vital in immune response [47,48].

In our assessment of the comparability of fresh and cryopreserved samples, we observed that
changes in Th1/Th2 cytokine balance with the intervention were generally equivalent,
regardless of sample type (fresh or cryopreserved). This is consistent with earlier work [73].
While cell sorting has different recoveries and cell balance profiles compared to simply
quantifying what is in the peripheral blood, a previous study assessing variability of Thl and
Th2 cytokines in PBMC of recent burn victims in fresh versus frozen samples showed no
significant variation based on duration of cryopreservation and concluded samples could be
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frozen with minimal variation for up to one year. Overall, differences in values from baseline
to follow-up were greater in cryopreserved samples.

Overall, the cryopreservation process appears to have resulted in notable changes to the
immunologic profiles of the blood samples. However, at baseline these differences were less
than follow-up time point fluctuations. For example, at baseline, changes were observed in
Th1 only, whereas at the post-intervention time point variations were detected in the
majority of the immunologic markers assessed. Potential explanations for these observations
could have been related to the climatic conditions around collection and shipment. Baseline
samples were drawn in the winter, while post-intervention samples were drawn in the
summer. However, none of the samples were received “warm” when they reached UMMC;
the cool packs remained functional and both groups were processed identically once
received by the lab. There were also significant differences in self-reported disease activity,
depression, and anxiety between the two time points, which could explain these differences.
Additionally, different phlebotomists collected blood samples at the two time points, so it is
possible that collection methods such as filling of tubes or immediate inversion were not
identical and affected resulting measures by reducing cell recovery. This could suggest the
need to further standardize and potentially monitor sample collection methods for future
studies, to ensure consistency and reliability. However, cell recovery is always reduced with
cryopreserved cells because not all cells in the PBMC fraction freeze well. This could be a
cause for the trends observed in our cells and is why data from cryopreserved and fresh
samples are not commonly mixed. The high viability of the cryopreserved preps is a
technical check that confirms that the reduced recovery numbers was not due to a toxic event
that killed off multiple cells. Cell viability is more important to cell integrity (quality check
after cryopreservation) than the amount of cells recovered, and flow cytometry assays for the
current study only required 500,000 cells for analysis.

While the findings of this study are notable, it is important to consider its limitations. We
had a small sample size and there was no normal control group in this study. However, this
study was designed as a feasibility and pilot study. The goal was to obtain initial data for
planning and implementing a larger scale study. As such, results from this preliminary pilot
study are not meant to be generalized. The potential of the peer mentoring intervention to
normalize a patient or bring them to the level of a control will be explored in a larger study.

Additionally, cytokine levels were compared with patient reported outcomes rather than
clinical or laboratory-verified end-points, which limits the validity of our findings. The
possibility of bias is introduced by participants answering an extensive battery of
questionnaires. All of their responses may not have accurately reflected their condition as a
result of trying to complete instruments quickly. Another limitation is that blood samples
were not cryopreserved before shipment to UMMC, rather they were cryopreserved upon
their arrival. This doesn’t allow the study to address the question for comparisons of a
sample shipped overnight then analyzed the next day as fresh versus one cryopreserved
shortly after being drawn then thawed and assayed later. This study needs to be repeated to
determine whether samples can be reliably shipped fresh for subsequent cryopreservation or
must be cryopreserved on site shortly after being collected.
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In terms of our timeline, multiple analysis points introduced inter-assay variability with both
fresh and cryopreserved samples (reduced if the instrument was calibrated to fluorescent
beads each time). This could have made the comparison of one sample to the next over time
less precise than the comparison if pre and post intervention samples were analyzed on the
same day. However, there is data from non-SLE participants that shows the relative stability
and reproducibility of cytokine profiles in fresh vs. cryopreserved PBMC [73].

Additionally, we were unable to discuss where the cytokine values of PALS participants fell
with respect to other populations and/or normal or ideal ranges due to the lack of published
“normal ranges” for most of the markers under study. However, members of our study team
have published work that addresses this in the context of various SNPs as biomarkers and
Th1/Th2 cytokine balance data, and there are many published case control-type studies that
show various baseline data but this is highly variable because of study population differences
and technical differences in anti-body sources, instruments and even times of the day [75].

The PALS intervention resulted in significant improvements in depression and anxiety for
mentees and these variables were also significantly associated with improved cytokine
balance [76]. This gives biologic validity to an intervention that is also known to affect
behavior that in turn affects outcomes. Such findings have significant implications for the
treatment of SLE and other chronic autoimmune diseases by suggesting that improving
depression and anxiety is a mechanism by which this type of intervention improves
underlying biological indicators of immune function, and may need to be targeted areas of
intervention for this population.

The information gleaned from this study has been incorporated into the design of a
randomized, controlled study comparing the ‘peer mentoring program’ with an “attention’
control group to determine if similar effects are present in a larger sample size that will
included matched control subjects.
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Fig. 1.
Timeline of sample collection and analysis.
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Page 16

Cytokine (balances) by PROs by time point (blue = T1, red = T2) Data presented are raw

values and do not reflect the result of statistical modeling that controls for repeated measures
or recovery and viability. (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)
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Patient demographics are presented as N (%).

Variable Mentees (N = 23)
Age <25 2(8.7%)
25-34 2 (8.7%)
35-44 8 (34.8%)
45-54 5 (21.7%)
55-64 1 (4.4%)
>65 5 (21.7%)
Married Married 2(8.7%)
Other 21 (91.3%)
Education 3(13.7%)
High school grad 2(9.1%)
Some college 3 (13.7%)
College grad 14 (63.6%)
Income <$15,000 5 (21.7%)
$15,000-$34,999 6 (26.1%)
$35,000-$64,999 5 (21.7%)
>or = $65,000 2 (8.7%)
Other/did not want to respond 5 (21.7%)
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Page 18

Cytokine and sample condition mean (standard deviation) is presented for both time points and fresh and

cryopreserved samples.

Cytokine  Baseline Follow-up

Fresh Cryopreserved  Fresh Cryopreserved
ThU/Th2 ~ 12.49(13.00) 17.28(1354)  7.46(6.34)  5.57 (18.44)
Thi 14.83(10.29)  21.45 (7.56) 18.20 (8.90)  13.34(7.10)
Th2 1.67 (0.99) 1.93 (1.32) 3.63 (2.07) 7.09 (11.27)
Th17 0.84 (0.51) 0.83 (0.43) 0.78 (0.52) 1.50 (1.05)
Trl 7.03 (5.56) 7.93 (3.34) 7.95 (4.43) 2.01 (1.28)
Treg 5.58 (2.72) 8.59 (6.51) 5.87 (3.45) 21.11 (10.83)
Condition  Baseline Follow-up
Viability ~ 90.85 (4.88) 92.00 (5.03)
Recovery* 7595 (15.36) 39.79 (32.42)

*
Comparison of sample condition recovery by time point was significant (Diff = 36.16 (19.23); p < 0.0001).
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All fresh vs cryopreserved cytokine differences are represented as least-square mean estimates and standard
errors. All test results are performed using estimates from a repeated measures mixed-effects linear regression.

Estimate (Fresh-Cryopreserved)  Standard Error  p-value
Baseline ThTh2 -4.79 4.44 0.29
Thl -6.61 2.80 0.0301
Th2 -0.25 0.97 0.79
Th17 0.01 0.22 0.95
Trl -0.90 1.27 0.48
Treg -3.01 2.17 0.18
Follow-up Thl/Th2 1.89 4.44 0.67
Thl 4.86 2.80 0.10
Th2 -7.64 0.97 <0.0001
Th17 -0.71 0.22 0.0045
Trl 5.94 1.27 0.0002
Treg -15.24 2.17 <0.0001

Bold: p < 0.05; Bold and italicized: p < 0.05/14 = 0.0017.
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Table 4

All cytokine differences over time are represented as least-square mean estimates and standard errors. All test
results are performed using estimates from a repeated measures mixed-effects linear regression controlling for
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reliability and viability.

Estimate (Post-Pre)  Standard Error  p-value
Fresh Thi/Th2 -4.00 5.36 0.46
Thl 2.28 3.38 0.50
Th2 2.70 117 0.0336
Thl7 -0.14 0.26 0.60
Trl -0.88 1.53 0.57
Treg -1.10 2.62 0.67
Cryopreserved Thl/Th2 -10.69 5.36 0.06
Thl -9.19 3.38 0.0142
Th2 10.08 117 <0.0001
Th17 0.58 0.26 0.0405
Trl -7.73 1.53 <0.0001
Treg 11.11 2.62 0.0005

Bold: p < 0.05; Bold and italicized: p < 0.05/14 = 0.0017.
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