CLINICAL AND DIAGNOSTIC LABORATORY IMMUNOLOGY, Nov. 2001, p. 1097-1103

1071-412X/01/$04.00+0 DOI: 10.1128/CDLI.8.6.1097-1103.2001

Vol. 8, No. 6

Copyright © 2001, American Society for Microbiology. All Rights Reserved.

Comparison of Serum and Cell-Specific Cytokines in Humans

JANINE JASON,'* LENNOX K. ARCHIBALD,” OKEY C. NWANYANWU,> MARTHA G. BYRD,'
PETER N. KAZEMBE,* HAMISH DOBBIE,* axp WILLIAM R. JARVIS?

HIV Immunology and Diagnostics Branch, Division of AIDS, STD, and TB Laboratory Research," The Investigation

and Prevention Branch, Hospital Infections Program, National Center for Infectious Diseases,* and The Office of
Global Health, Centers for Disease Control and Prevention, U.S. Department of Health and Human
Services, U.S. Public Health Service, Atlanta, Georgia 30333, and Lilongwe Central Hospital and
Community Health Sciences Unit, Ministry of Health and Population, Lilongwe, Malawi*

Received 29 May 2001/Returned for modification 17 July 2001/Accepted 9 August 2001

Cytokines function at the cellular, microenvironmental level, but human cytokine assessment is most com-
monly done at the macro level, by measuring serum cytokines. The relationships between serum and cellular
cytokines, if there are any, are undefined. In a study of hospitalized patients in Malawi, we compared cyto-
metrically assessed, cell-specific cytokine data to serum interleukin 2 (IL-2), IL-4, IL-6, IL-8, IL-10, gamma
interferon (IFN-vy), and tumor necrosis factor alpha (TNF-a) levels in 16 children and 71 (IL-2, -4, -6, -10) or
159 (IL-8, IFN-vy, and TNF-«) adults, using Wilcoxon rank sum tests and Pearson’s (r,) and Spearman’s (r,)
rank correlations. For the entire study group, correlations between identical serum and cellular cytokines
mainly involved IL-8 and IFN-y, were few, and were weakly positive (r < 0.40). Blood culture-positive persons
had the most and strongest correlations, including those between serum IL-2 levels and the percentages of
lymphocytes spontaneously making IL-2 (r, = +0.74), serum IL-8 levels and the percentages of lymphocytes
spontaneously making IL-8 (r, = +0.66), and serum IL-10 levels and the percentages of CDS8™ T cells making
TNF-a (r, = +0.89). Human immunodeficiency virus (HIV)-positive persons had the next largest number of
correlations, including several serum IL-8 level correlations, correlation of serum IL-10 levels with the per-
centages of lymphocytes producing induced IL-10 (r, = +0.36), and correlation of serum IFN-y levels and the
percentages of lymphocytes spontaneously making both IL-6 and IFN-y in the same cell (r, = +0.59). HIV-
negative, malaria smear-positive, and pediatric patients had few significant correlations; for the second and
third of these subgroups, serum IL-8 level was correlated with the percentage of CD8™ T cells producing in-
duced IL-8 (r;, = +0.40 and r, = +0.56, respectively). Thus, the strength of associations between serum and
cellular cytokines varied with the presence or absence of bloodstream infection, HIV status, and perhaps other
factors we did not assess. These results strongly suggest that serum cytokines at best only weakly reflect pe-

ripheral blood cell cytokine production and balances.

Cytokines regulate cellular immune interactions and are pro-
duced by lymphocytes, monocytes, macrophages, and, for some
cytokines, also fibroblasts, neutrophils, endothelial cells, or
mast cells (for a review, see reference 8). Although cytokines
function on a microenvironmental level, human cytokines are
most commonly assessed at the macro level, by measuring
serum and plasma levels or levels in the supernatant of in vitro-
stimulated blood cells. Reasons for this approach are largely
practical. Serum and plasma levels can be readily assessed by
using commercially available enzyme immunoassays, while
cell-specific cytokine assessment is laborious, involving in situ
hybridization, cell separation followed by PCR measurement
of mRNA, limiting dilution assays, plaque and enzyme-linked
immunospot (ELISPOT) assays, or T-cell cloning. In recent
years, improved reagents have permitted flow cytometric cell-
specific cytokine assessments in which ex vivo peripheral blood
cell stimulation or nonstimulation is followed by cell perme-
abilization, fixation, fluorescent staining, and cytokine detec-
tion (12, 15). With multiparameter flow cytometry, very spe-
cific cell populations can be identified by surface antigen
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staining, without cell separation or cloning, and the production
of multiple cytokines by individual cells can be assessed.

Given the variety of techniques now used for cytokine as-
sessments, an obvious and pressing question is how the results
of these techniques compare to one another. Yet, comparisons
of various cytokine assessment techniques have involved only a
few cytokines and tend to be qualitative rather than quantita-
tive. In several studies, indirect comparisons were made, or
could be made by the reader, between serum or plasma cyto-
kine levels and cytokine mRNA or protein levels in the super-
natant of stimulated whole blood cell cultures (2, 10, 19, 27),
between serum or plasma and monocytic intracellular interleu-
kin 6 (IL-6) production (24), among all three measures (serum
or plasma, supernatant, and intracellular) of gamma interferon
(IFN-v) production (5), and between ELISPOT cytokine re-
sults and supernatant levels or intracellular IFN-y production
(16).

In the early publications on intracellular cytokine staining,
supernatant and intracellular levels of two or three cytokines
were directly compared. As expected, when cells were treated
in culture with monensin or brefeldin A for short periods,
supernatant cytokine levels decreased and intracellular cyto-
kine staining increased (7, 15, 16). For five patients with hel-
minthic infections and one healthy individual, supernatant and
cellular IL-4 and IL-5 were highly correlated but IFN-y levels
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were not (7). In another study of 13 children with respiratory
syncytial virus infection and 2 control children, supernatant
and intracellular IFN-vy results on acute or convalescent blood
samples showed 90% negative-positive concordance, based on
positivity in either CD4" or CD8™ cells (5). In one study of
three healthy tetanus toxoid-primed individuals, ELISPOT
IFN-y results were insignificantly correlated with intracellular
staining but significantly correlated with culture supernatant
levels (16).

We assessed cytokines in patients enrolled in a study of the
causes and immune parameters of bloodstream infections in
persons in Malawi. These patients all were acutely ill, and the
rate of bacteremia or mycobacteremia was high (14, 14a). Hu-
man immunodeficiency virus (HIV) infection is endemic in
Malawi, and the HIV seropositivity rate was also high in this
study group. Thus, this study included a high proportion of
persons with chronic and acute systemic illnesses, an ideal
group in which to assess relationships between peripheral
blood cytokine production and serum cytokine levels. There-
fore, we examined both serum and cell-specific cytokines in a
large number of these patients and compared the results quan-
titatively, as well as qualitatively. We evaluated a wide panel
of type 1 (IL-2, IFN-y, tumor necrosis factor alpha [TNF-a]),
type 2 (IL-4, IL-6, IL-10), proinflammatory (TNF-a, IL-8) and
anti-inflammatory (IL-4, IL-10) cytokines. We did three addi-
tional analyses to further refine these comparisons. First, we
not only examined data from this entire study group of acutely
ill patients, but we also did separate analyses for HIV-seropos-
itive (HIV ") and HIV-seronegative persons, persons with pos-
itive blood cultures, and persons with positive malaria smears.
Since HIV™, blood culture-positive, and malaria smear-posi-
tive persons have organisms in their bloodstream, it seemed
more reasonable to assess their peripheral blood cytokine pa-
rameters than to assess these parameters for healthy persons
or persons with localized diseases. Second, we not only com-
pared serum cytokines levels to levels of cell-specific cytokines
produced following ex vivo stimulation (the cell-specific cyto-
kine measurement usually reported in the literature), but we
also compared serum cytokines to cell-specific cytokine pro-
duction without ex vivo stimulation. We felt this was worth
doing since these sorts of patients might be expected to have in
vivo-stimulated cells and, indeed, we have noticed that the
peripheral blood cells of some of the patients in this study
produced cytokines without in vitro stimulation (unpublished
data). Third, since cytokines interact with cells to balance type
1 and type 2 and proinflammatory and anti-inflammatory cy-
tokine activities (see, for example, references 1, 2, 7, 8, 11, 18,
23, 25, and 29), we examined whether there were any relation-
ships between serum cytokines and nonidentical cytokine pro-
duction by peripheral blood cells.

MATERIALS AND METHODS

Patients. During three periods in 1997 and 1998, including both the wet and
dry seasons, we enrolled 161 febrile (oral temperature, >38°C) adults (=13 years
old) and 148 children (<13 years old) admitted to the Lilongwe Central Hospital,
Lilongwe Malawi, into a study of the immune determinants of bloodstream
infections. Nonfebrile children admitted to the hospital during the enrollment
period were included in the study because infected infants often present with low
or normal body temperatures. This group represents a random subset of all
patients admitted to the hospital during those time periods. All patients had
peripheral blood drawn at admission for culture and cytometric assessment of
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TABLE 1. Analysis panel for flow cytometric evaluation
of cell-specific cytokine production

Cytokine or cell antigen specificity of monoclonal antibody,
with the following conjugate:

FITC PE PerCP APC
1L-12 1L-4 CD3 CD19
CD69 1IL-10 CD3 1L-2¢
IFN-y 1L-10 CD3 1L-2¢
Antimicrotubulin 1L-8 CD8 CD3
CD8 1L-6 CD3 IFN-y
TNF-a CD16/56 CD3 IFN-y
TNF-a CD8 CD3 IFN-y

“ One or the other of these tubes was run, depending upon study phase. For no
participant were both these tubes done.

cell surface antigens and intracellular cytokines, with the cytometric monoclonal
antibody panel varying slightly between study phases (Table 1). Patients with sera
obtained and stored at the time of admission also had serum cytokine levels
assessed. Serum volumes were limited; therefore, cytokine testing was priori-
tized. Highest priority was given to assessment of IFN-y and TNF-a, because of
the high rates of mycobacterial infection and HIV in this population and the
importance of these cytokines in those infections (14), and assessment of IL-8,
because these patients were all acutely ill, with systemic symptoms of an inflam-
matory process. One hundred fifty-nine adults and 16 children had their serum
cytokine levels assessed. Of these, 115 (66%) were HIV™, 45 (26%) were blood
culture-positive, and 32 (18%) had positive malaria smears.

The study protocol was approved by the institutional review boards of the
Centers for Disease Control and Prevention (CDC) and the Malawian Health
Sciences Research Committee; informed consent was obtained from all partici-
pants and/or their guardians.

Laboratory procedures. (i) HIV. Each participant was tested for HIV antibody
at study enrollment.

(ii) Blood cultures. Blood cultures were performed as described previously
(14). BACTEC MYCO/F LYTIC bottles (Becton Dickinson Microbiology Sys-
tems, Cockeysville, Md.) were incubated at 35°C for 7 days and examined each
day and over 4 to 6 weeks thereafter. These culture techniques readily detect
pathogenic bacteria, fungi, and mycobacterium species (14). For the 45 bacte-
remic persons discussed herein, organisms recovered included gram-positive
cocci (n = 13), salmonellae (n = 17), gram-negative rods (n = 4), candida (n =
3), and/or mycobacteria (n = 10); two persons had dual infections.

(iii) Stimulation of cellular cytokines. Blood was prepared for cytokine stim-
ulation as described previously (14) and either stimulated for 5 h at 37°C with
phorbol 12-myristate 13-acetate (PMA) (200 ng/ml; Sigma Chemical Co., St.
Louis, Mo.) and ionomycin (4 pg/ml) (Sigma) in the presence of brefeldin A (40
pg/ml; Sigma) and RPMI 1640 with L-glutamine (induced or stimulated cytokine
expression) or retained in identical media without PMA and ionomycin but with
brefeldin A (spontaneous or unstimulated cytokine expression). No serum was
added to the cultures. After washing, the red blood cells were lysed and lym-
phocytes were permeabilized and fixed using Ortho Permeafix (Ortho Diagnostic
Systems, Inc., Raritan, N.J.). After processing, samples were shipped at 4 to 8°C
to CDC for further analysis.

(iv) Flow cytometric reagents. The surface antigens assessed in this study were
ones shown in our laboratory to be stable with this permeabilization and fixation
protocol (data not shown); i.e., using these techniques, we had comparable
results for the surface-related antigens when staining was done either pre- or
postpermeabilization. Fluorescein isothiocyanate (FITC)-conjugated, phyco-
erythrin (PE)-conjugated, peridinin chlorophyll protein (PerCP)-conjugated, or
allophycocyanin (APC)-conjugated, murine monoclonal antibodies were ob-
tained from the following sources: (i) Becton Dickinson Immunocytometry Sys-
tems/PharMingen (BD/PMG), San Jose, Calif. (CDS-FITC and -PE [clone SK1],
CD3-PerCP and -APC [clone SK7], CD4-APC [clone SK3], CD45-FITC [clone
2D1], CD19-APC [clone SJ25C1], CDI14-PE [clone M$P9], CD16-PE [clone
B73.1], CD56 [clone MY31], IL-4-PE [clone 8D4-8], IL-8-PE [clone G265-8],
and IL-10-PE [clone JES3-9D7]); (ii) Research and Diagnostics, Minneapolis,
Minn. (IL-6-PE [clone 1927.311]); and (iii) Immune Source, Reno, Nev. (CDS8-
APC [clone KL.12], IL-2 APC [R-56.2], TNFa-FITC [clone DTX.34], and IFN-
v-APC [clone 13.TR]). Isotype controls were obtained from BD/PMG.

(v) Flow cytometry. After permeabilization, fixation, and shipment to CDC, all
staining was done at room temperature for 30 min in the dark. Staining was
followed by a buffered saline wash. Four-color cytometry was done using a
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TABLE 2. Median and ranges for serum cytokine level
evaluated in Malawian patients

No. of Concn (pg/ml)

Cytokine patients

assessed Median Range”
IL-2 87 9 <8-446
IL-4 87 <16 <16
IL-6 87 387 9-124,300
IL-8 175 107 <8-4,477,000
IL-10 87 39 <8-23,000
IFN-vy 175 26 <16-1,280
TNF-a 175 <16 <16-971

“ Detection limits for IL-2, IL-8, and IL-10, 7.8 pg/ml; for IL-4, IFN-vy, and
TNF-a, 15.6 pg/ml; and for IL-6, 4.7 pg/mL.

FACSort or FACSCalibur flow cytometer and CellQuest software (BD/PMG).
Between 50,000 and 80,000 ungated events were collected from each tube in the
panel. Lymphocytes were defined on the basis of forward and side scatter;
monocytes were defined on the basis of a wide gate based on forward and side
scatter of stimulated and unstimulated CD14™" cells.

(vi) Flow cytometric analytic techniques. For each participant, cellular cyto-
kine analyses were as follows: for all lymphocytes and CD3* lymphocytes, all the
cytokines listed in section (iv) above; for CD3* CD8* lymphocytes and CD3™
CD8" lymphocytes, IL-6, IL-8, IFN-y, and TNF-a; for CD3" CD16/56™ natural
T lymphocytes (NT) and CD3~ CD16/56" natural killer lymphocytes (NK),
IFN-y, and TNF-a; for CD19* (B) lymphocytes, IL-4; and for monocytes, IL-6,
IL-8, IL-10, and TNF-a (Table 1).

(vii) Serum cytokines. Serum samples obtained at admission were analyzed for
IL-2, IL-4, IL-6, IL-8, IL-10, IFN-y, and TNF-a by using pairs of cytokine-
specific monoclonal antibodies according to the manufacturers’ instructions (BD/
PMG and Genzyme Diagnostics, Cambridge, Mass.) (Table 2). Each plate in-
cluded a standard curve of recombinant human cytokine and known positive and
negative controls. All specimens were measured in duplicate, and the means of
the two values were used in all analyses. Detection limits were 7.8 pg/ml for IL-2,
IL-8, and IL-10; 15.6 pg/ml for IL-4, TNF-a, and IFN-y; and 4.7 pg/ml for IL-6.
The numbers of adults with matching serum cytokines and cellular cytokines
assessed were (depending upon the number of patients with samples assessed for
that cell type): IL-2, n = 67; IL-4, n = 67; IL-6, n = 66 to 67; IL-8, n = 150 to
151; IL-10, n = 67; IFN-y, n = 151-4 and TNF-a, n = 67 or n = 143 to 153. For
16 children, serum and matching cellular cytokines were assessed.

Statistical techniques. Analyses were done for all participants with serum
cytokine levels assessed and, in addition, where noted the following subgroups:
HIV*, HIV~, blood culture-positive, malaria smear-positive, and children. Com-
parisons of cellular parameters between those with and and without detectable
serum cytokines were made using Wilcoxon rank sum tests. Pearson’s (r,,) and
Spearman’s (r,) rank correlations were computed to assess correlations between
continuous serum and cellular parameters, for those with detectable serum
cytokines. The significance level for all comparisons between identical serum and
cellular cytokines was set at P < 0.05 (Table 3). Comparisons between noniden-
tical serum and cellular cytokines are described in Table 4 only if Il = 0.35 and
P < 0.0001. For both types of comparisons, results are included only if the trend
remained with outliers excluded and a compatible trend was found with the
appropriate regression analysis. Data not provided herein did not meet these
criteria. For 1L-4, all serum levels were below the detection limit; therefore,
trends could not be assessed. For serum TNF-a levels, 146 samples, including all
the pediatric samples, were below the detection limit and 29 were above that limit.

RESULTS

Significant relationships between detectability of serum cy-
tokines and matching cellular cytokine. We first assessed cel-
lular cytokine differences between those having and those not
having the same cytokine detectable in serum. For IL-2, de-
tectability in serum was significantly, positively associated with
higher percentages of lymphocytes making IL-2 with or with-
out stimulation. For stimulated cells, the medians were 0.9%
for those with nondetectable serum levels versus 1.5% for
those with detectable serum levels, P = 0.032; for unstimulated
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cells, the medians were 0.3% versus 0.6%; P = 0.028. These
IL-2 relationships were due to HIV-seropositive (HIV™*)(n =
26, 21), blood culture-positive (n = 10, 9), and pediatric (n =
12, 4) participants; when HIV " and HIV-negative participants
were analyzed separately, it was not present in the latter group
(n = 12, 22), nor was it present in those with malaria (n = 9,
17). All participants tested had detectable serum IL-6 levels.
The percentages of CD3" CD8" cells and monocytes making
IL-8 with stimulation were the only cellular parameters signif-
icantly associated with detectable serum IL-8, but the direc-
tions were opposite to one another (medians 1.5% for those
with nondetectable levels versus 2.4%, P = 0.031 for those with
detectable levels and 47.2% vs 35.8%, P = 0.022, respectively).
These IL-8 relationships were present in all subgroups except
the pediatric; all children had measurable levels of IL-8 in their
sera. No cellular parameters were significantly associated with
the presence or absence of detectable IL-10 in the serum. For
all patients combined, the presence of detectable serum IFN-y
was significantly associated with the percentages of NT cells
spontaneously making IFN-vy; however, this association was
due to and present in only the HIV™" subgroup (medians 1.0%
vs. 1.3%, P = 0.027). There were no other significant relation-
ships between serum and cellular IFN-y findings in any sub-
group. The children and all but three HIV-negative persons
had nondetectable serum levels of TNF-a. For those with a
positive malaria smear, detectable serum TNF-a was associ-
ated with higher percents of CD3" CD8™ lymphocytes making
induced TNF-a (medians, 9.7 versus 25.4%; P = 0.036).

Significant correlations between serum cytokines and match-
ing cellular cytokines. Next, we assessed the relationships be-
tween the actual serum cytokine levels and the percentages of
cells making that cytokine. Correlations between matching serum
and cellular cytokines were weak but in a positive direction
(Table 3).

TABLE 3. Significant correlations between serum cytokine
levels and matching intracellular cytokines®

. Stimulation . . No_‘ of
Cytokine Cell type status” Coefficient P Test® patients
’ assessed
1L-2 None NA? NA NA NA 44
1L-4 NA NA NA NA NA 0
IL-6 CD3" CD8™" cells U +0.36 <.001 P 82
CD3" CD8" cells S +0.26  0.017 P 82
IL-8  Lymphocytes U +0.21  0.017 Sp 128
CD3" cells U +0.22 0.012 Sp 128
CD3" CD8™" cells 18} +0.33  <.001 Sp 128
Monocytes U +0.30 <.001 Sp 128
CD3™ cells S +0.23  0.009 Sp 127
CD3" CD8" cells S +0.39 <.001 Sp 127
IL-10  Lymphocytes S +0.30  0.018 Sp 61
IFN-y Lymphocytes U +0.30  0.003 P 95
CD3™" cells U +0.35 <.001 Sp 95
CD3" CD8" cells S +0.25 0.020 P 85
CD3" CD8 cells S +0.25 0.020 P 85
TNF-a None NA NA NA NA 29

“ Correlations between percentages of cells making cytokine and serum cyto-
kine levels, including only those with detectable titers. Listed only if trend
remained with outliers excluded. All values for serum IL-4 levels were nonde-
tectable (<15.6 pg/ml); therefore, trends could not be assessed.

b Unstimulated cells (U) and cells stimulated with PMA and ionomycin (S)
(both with brefeldin A).

¢ Abbreviations: P, Pearson; Sp, Spearman.

4 NA, nonapplicable.
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FIG. 1. Serum IL-2 levels, by the percentage of lymphocytes spontaneously making IL-2 (blood culture-positive patients). Some points have
been shifted slightly in order to be seen. Ten patients had serum IL-2 levels below the detection limit of this assay. For graphing purposes, their
levels were recorded as half the detection limit (0.5 DL). If all samples were included in the analysis, 7, = +0.74, n = 19; if only detectable samples

were included, r, = +0.58, n = 9.

We also examined correlations for the following five sub-
groups: HIV", HIV-negative, blood culture-positive, malaria-
positive, and pediatric participants. The only notable deviations
from Table 3 were as follows. Only nine blood culture-positive
persons had measurable serum IL-2. If nondetectable levels
were set at half the detection limit for the assay, the correlation
between serum IL-2 levels and the percentages of lymphocytes
spontaneously producing IL-2 was high (Fig. 1). This was not
the case for other subgroups; for HIV-negative participants,
serum IL-2 levels were in fact negatively, not positively, corre-
lated with the percentages of CD3™ cells making induced IL-2
(r, = —0.43; P = 0.044; n = 22). For those with positive blood
cultures, serum IL-8 levels were positively correlated with the
percentages of lymphocytes and monocytes spontaneously
making IL-8 (r,, = +0.66, P < 0.001, and r, = +0.38, P = 0.020,
respectively [n = 37]) and the percentages of CD3* CD8"
lymphocytes making induced IL-8 (r, = +0.50; P = 0.001). For
HIV™ persons, all the IL-8 correlations listed in Table 3 were
significant; for HIV-negative persons, serum IL-8 levels were
correlated with only the percents of CD3" CD8™ cells making
IL-8 with stimulation. For malaria smear-positive and pediatric
patients, serum IL-8 was correlated with the percents of CD3*
CD8" lymphocytes making IL-8 with induction (r;, = +0.40,
P =0.041,n = 27, and r, = +0.56, P = 0.024, n = 16, respec-
tively). For children, there also was a significant correlation

between the percentages of monocytes making induced IL-8
(r, = +0.55, P = 0.028). The significant IL-6 correlations for
the entire study group were secondary to a small number of
HIV™ and of malaria smear-positive individuals who had rel-
atively high levels of both serum and cellular parameters. Sim-
ilarly, the IL-10 finding for the entire study group was largely
due to the HIV™" subgroup (r, = +0.36, P = 0.036,n = 34). For
both HIV™" and blood culture-positive patients, cellular pro-
duction of IFN-y by a variety of cell types was significantly
correlated with serum IFN-y levels, including CD3" cells
(HIV™); all, CD3" CD8™, and NT lymphocytes (blood culture
positive); and CD3" CD8 and NK cells (both). Almost all the
patients with detectable serum TNF-y levels were HIV' (n =
26 for HIV", n = 3 for HIV negative, n = 6 for blood culture
positive, n = 5 for malaria smear positive, and n = 0 for
children). Therefore, subgroup analyses could only be done for
HIV™ persons, for whom no significant serum-cellular rela-
tionships were found.

Significant correlations between serum cytokines and non-
matching cellular cytokines. We last sought evidence for in-
teractions between serum cytokines and cellular cytokine pro-
duction by assessing correlations between nonidentical serum
and cellular cytokines. For all subjects combined, the only
significant correlations were between serum IL-8 and various
cellular cytokine parameters and between serum IFN-y and
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TABLE 4. Correlation coefficients of =0.35 between serum
cytokine levels and nonmatching intracellular cytokines®

Serum Intracellular Stimulation Coeffi-

cytokine Cell type cytokine(s) status” cient Test® No.
IL-2  None NAY NA NA NA 44
IL-4 NA NA NA NA NA 0
IL-6  None NA NA NA NA §7
IL-8  Lymphocytes IFN-y S -039 Sp 128
Lymphocytes IFN-y and TNF-a S —-042 Sp 128
Lymphocytes IFN-y and IL-6 S —0.39 Sp 124
Lymphocytes IL-2 and IL-10 U —-041 Sp 127
CD3" cells IL-2 S -035 Sp 128
CD3™ cells IFN-y S —0.49 Sp 128
CD3" cells IFN-y and TNF-a S -0.37 Sp 127
CD3* CD8™ cells IFN-y S -0.39 Sp 120
CD3" CD8" cells IFN-y S —0.37 Sp 120
IL-10 None NA NA NA NA 83
IFN-y Lymphocytes IFN-y and IL-6 U +0.48 P 91
TNF-a None NA NA NA NA 83

¢ Correlations between percentages of cells making cytokine and serum cyto-
kine levels. Included only if trend remained with outliers excluded. All values for
serum IL-4 levels were nondetectable (below 15.6 pg/ml); therefore, trends could
not be assessed.

 Unstimulated cells (U) and cells stimulated with PMA and ionomycin (S)
(both with brefeldin A).

¢ All P values <0.0001 Abbreviations: P, Pearson; Sp, Spearman.

4 NA, nonapplicable.

the percentages of lymphocytes spontaneously producing both
IL-6 and IFN-y in the same cell (Table 4). These correlations
tended to be stronger than those between identical serum and
cellular cytokines. All the correlations between serum IL-8 and
non-IL-8 cellular parameters were inverse (e.g., Fig. 2).

On subgroup analyses, the only notable findings were as
follows. Blood culture-positive participants had the largest
number of serum-cell correlations (6), followed by HIV™ per-
sons (4) and HIV-negative persons (1). There were no signif-
icant correlations in those with malaria or the children, with
the caveat that no child had detectable serum TNF-a levels
and only four children had detectable serum IL-2 levels. For
the blood culture-positive persons, all but two correlations
were with more complex cellular variables. There were signif-
icant correlations between serum IL-2 and the ratios of the
percentages of CD3™ cells spontaneously making IL-10 to the
percentages making TNF-a (r, = +1.00; P < 0.0001) or IL-2
(r, = +0.91; P < 0.001)(n = 9); between serum IL-8 and the
percentages of CD3" cells making induced IFN-y (r, =
—0.66), between serum IL-8 and the percentages of lympho-
cytes and of CD3™ cells making both IFN-y and TNF-« in the
same cell with stimulation (r, = —0.62 and r, = —0.59, respec-
tively)(P < 0.0001 and n = 37 for all); and between serum
IL-10 and the percentages of CD8" T cells spontaneously
making TNF-a (r, = +0.89; P < 0.0001; n = 14). HIV"
participants had the same IL-8 correlations as did the blood
culture-positive persons (r, = —0.54, r, = —0.43, and r, =
—0.43, respectively)(P < 0.0001, n = 80 for all). In addition, in
HIV* persons serum IFN-y levels were correlated with the
percentages of lymphocytes spontaneously making both IL-6
and IFN-y in the same cell (r, = +0.59; P < 0.0001; n = 57).
For HIV-negative persons, serum IL-8 levels were significantly
associated with the percentages of lymphocytes spontaneously
making both IL-2 and IL-10 in the same cell (r, = —0.54; P <
0.0001; n = 46).
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DISCUSSION

The role of cytokines in infection or various physiologic
states has usually been inferred from measurements of serum
or plasma cytokine levels. This approach has a number of
positive aspects, not the least of which is the feasibility of
assaying many samples quickly. It is plausible that these levels
reflect the systemic effects of cytokines (e.g., the interactions
among cytokines, hormones, and the hypothalamic axis) and
cytokine production by both immune and nonblood cells (e.g.,
epithelial cells and fibroblasts), although these are not usually
given as the rationale for this approach. Serum and plasma
cytokine measurements have provided statistically significant,
albeit variable, results in a number of clinical studies concern-
ing infection (for IL-6 and IL-8, see reference 5), severity of
sepsis-related illness (for an IL-6 review, see reference 9; for
IL-1b, TNF-a, and TNF receptors, see reference 6), injury (for
IL-6 and IL-8, sce reference 20; for an IL-6 review, see refer-
ence 4), HIV infection (for TNF-a and receptors, see refer-
ences 1 and 10), hypothalamic-endocrine-cytokine interactions
(for a review, see reference 25), exercise, (for IL-6, see refer-
ence 24; for IL-1 and IL-2, see reference 22), and the effects of
surgery (for IL-6, see reference 3).

Despite the large amount of research involving serum and
plasma cytokine assessments, this approach does have a num-
ber of limitations. Serum and plasma cytokine levels can be
affected by receptor binding, temperature degradation, urinary
excretion, and cytokine breakdown within reacting cells. Since
cytokines are released in a paracrine manner, the levels may
vary widely depending upon when the subject’s blood sample is
drawn. Further, a major function of most cytokines is to act in
intercellular communication; cytokine levels in serum and
plasma provide at best an indirect measure of this key cytokine
function.

Cell-specific cytokine assessment, using cloning, cell separa-
tion, or multiparameter cytometry, was essential for the devel-
opment of the elegant concepts of a cytokine network and
type 1-type 2 cytokine balance (18, 29) as well as the develop-
ment of current hypotheses about the cytokine network’s role
in allergy (21), cancer, transplantation, pregnancy (for a re-
view, see reference 23), and infectious diseases (for a review,
see reference 11). Cytometric, cellular cytokine assessment is
laborious and requires reagents and techniques that only re-
cently have been refined (12), but a number of investigators
have already used cytometric techniques to examine the role of
cell-specific cytokines in HIV infection (13, 14, 28), allergy
(21), exercise (24; for a review, see reference 19), and surgery
(for IL-2 and IFN-v, see reference 3).

The basis for assessing cytokines at a cellular level is both
simple and logical: cytokines function at that level. However,
the assessment itself is not simple, logically requiring cells from
the site of disease activity. Obtaining these cells is often a
difficult process for both the investigator and the study partic-
ipant. In the Malawian study described herein as well as in a
similar study in Thailand (13), we examined cell-specific cyto-
kine profiles in the peripheral blood cells of patients with or
without a variety of subsequently documented bloodstream
infections. All these patients had systemic symptoms at the
time of blood collection; most had HIV infection, a chronic,
systemic viral infection. Thus, this was an optimal patient
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FIG. 2. Serum IL-8 levels, by the percentage of T cells making induced IFN-y (all participants). For graphing purposes, samples with
nondetectable serum IL-8 levels were recorded as being half the detection limit (0.5 DL). r, = —0.49, n = 128, using detectable samples only.

group in which to compare cytokine production by peripheral
blood cells and serum and cellular cytokine levels: both might
be expected to reflect the immune response to a systemic
disease process(es).

Two underlying goals of the Malawian and Thai studies were
to evaluate whether cellular cytokine assessment would be
feasible in a field setting and if these assessments would be
useful in examining the immune response to bloodstream in-
fections and/or predicting morbidity and mortality in various
subgroups of patients. Obviously, usefulness needed to be
weighed against the labor and cost involved in applying this
technique in the setting of a developing country. In Malawi, we
obtained serum samples to address a third goal: to compare the
relative usefulness of serum and cellular cytokine assessments
in achieving our second goal above.

In the Thai study, we had found that HIV-related mortality
was inversely related to the percents of NT cells making TNF-a
(13). Blood culture-positivity and the causative organism were
associated with the percents of CD3™ CD8™ cells making IL-8
and making IFN-y (13). In the Malawian study, mortality was
again related to cytokine production by NT cells (14). In fur-
ther analyses of the Malawi data, we have found the produc-
tion of various, specific cytokines by various, specific cell types
to be associated with iron deficiency, vitamin A deficiency,
human herpesvirus type 8 seropositivity, Mycobacterium bovis
BCG vaccine scarring, or malaria. Of these conditions, serum

cytokine patterns were associated with only malaria para-
sitemia (14a, 14b; S. M. DeSantis, C.-P. Pau, L. K. Archibald,
O. C. Nwanyanwu, P. N. Kazembe, H. Dobbie, W. R. Jarvis,
and J. Jason, submitted for publication; J. Jason, L. K.
Archibald, O. C. Nwanyanwu, P. N. Kazembe, J. A. Chatt, E.
Norton, H. Dobbie, and W. R. Jarvis, submitted for publica-
tion; J. Jason, L. K. Archibald, O. C. Nwanyanwu, A. L. Sowell,
1. Buchanan, J. Larned, M. Bell, P. N. Kazembe, H. Dobbie,
and W. R. Jarvis, submitted for publication). Thus, in a prac-
tical sense, we have found strong evidence for the importance
of cellular cytokine assessment in various disease states and
only weak evidence for the importance of serum cytokine as-
sessment.

It has been debated whether there are any relationships
between cellular and serum or plasma cytokines (for example,
see the Cytometry Newsletter published by Purdue University
Cytometry Laboratories, Purdue, Ind. [for more information,
contact cytometry@flowcyt.cyto.purdue.edu]). There are some
data on this issue, but the numbers of samples and cytokines
assessed in each study are quite limited. Therefore, we exam-
ined this question using a large panel of monoclonal antibodies
to cell surface antigens and intracellular cytokines, reagents to
seven serum cytokines, and a sizable number of samples. Fur-
ther, these samples were from persons with systemic symptoms
and many had detectable levels of serum cytokines.

We found that the relationships between identical serum
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and cellular cytokines were weak but in a positive direction.
Several relationships were, arguably, unexpected. IL-6 is pro-
duced by several types of nonblood cells as well as blood cells,
thus serum levels might not necessarily reflect immune cell
production. Yet, serum IL-6 levels were correlated with the
percent of CD8" lymphocytes making IL-6. Elevated serum
TNF-a levels are reported in both sepsis and advanced HIV
infection, yet there were no significant correlations between
serum and cellular TNF-a parameters.

IFN-v is a type 1 cytokine associated with cellular immunity;
IFN-vy correlations were stronger and more numerous in the
blood culture- and HIV+ subgroups. Similarly, IL-2 is a type 1
cytokine inducing T-cell proliferation and cellular immunity.
IL-2 correlations were present in, and IL-8 correlations were
stronger in, patients with positive blood cultures. These pa-
tients also had a number of correlations between serum IL-2,
a type 1 cytokine, and proinflammatory and type 2 cellular
cytokines; between serum IL-10, a type 2, anti-inflammatory
cytokine, and cellular TNF-q, a proinflammatory cytokine; and
between serum IL-8, a proinflammatory cytokine, and cellular
type 1 and proinflammatory cytokines. Other subgroups, espe-
cially HIV* persons, had similar relationships suggestive of
interregulation between serum and cellular cytokines but these
were fewer in number and weaker in strength than those in the
blood culture-positive patients. These correlations may reflect
systemic pro- and anti-inflammatory cytokine balances, cate-
cholamine influences (17), or lymphocyte-epithelial interac-
tions (26).

In summary, serum cytokine levels in our study participants
only weakly reflected the percents of immune cells producing
that cytokine. Further, the strengths of these serum-cell asso-
ciations varied with the presence/absence of bloodstream in-
fections and HIV status. Serum cytokines appear to only
poorly, at best, reflect peripheral blood cellular cytokine pro-
duction.
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