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Are Cutaneous Microdialysis Cytokine Findings Supported by End Point Biopsy
Immunohistochemistry Findings?
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Abstract. Insertion of a cutaneous microdialysis catheter into normal dermis has been shown to induce
the production of IL1b, IL6 and IL8 in an innate response to minimal trauma. In the present study, skin
biopsy for immunohistochemistry has been performed at the site of the microdialysis catheter to compare
the findings with that of the microdialysis findings 24 h after insertion. Of the three named cytokines,
concordance between the two investigated technologies was highest for IL8 (100%) followed by IL6
(70%) and IL1b (50%). For seven other pro-inflammatory and T cell-relevant cytokines studied,
concordance ranged between 50% and 80%. The total number of positive (microdialysis or
immunofluorescence) findings was similar between the two methodologies. Technical and biological
phenomenon can explain the differences. We conclude that both methodologies illustrate important
features of tissue biology and that a combination of the two methods in clinical research can provide the
chronology of soluble mediator participation and the more classic, but also more invasive, biopsy-based
methodology at a point which constitutes the end of the observation period. We conclude further that at
the 24-h time period here studied, microdialysis catheters are still functional and thus capable of
producing relevant data which can be corroborated and extended by the “end point biopsy”.
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INTRODUCTION

Cytokines, chemokines and growth factors are important
proteins participating in many homeostatic and immune
responses, both innate and adaptive (1–5). These key proteins
regulate cellular functions via autocrine, paracrine and
endocrine pathways, not the least in skin. Much of our
knowledge about these molecules has been gained in a
laboratory environment using isolated cells and cell lines
and, more recently, genetically engineered models in mice or
flies. In the translation of findings to the human (clinical) in
vivo situation, the main methods of obtaining data have been
peripheral blood, which summates effects at a whole organism
level, and skin biopsy, which gives tissue-specific (skin) data on
the presence of or gene induction for the production of a protein
at the specific time point the biopsy was taken. Cutaneous
microdialysis (CMD) enables continuous in vivo sampling of the
interstitial fluid in the intact skin and is thus an attractive, newer
and arguably less tissue destructive alternative for the measure-
ment of cytokines actually present in the dermal extracellular
environment over a period commensurate with the expected
pathogenesis of the reaction under study (6–11). The present

study is on normal skin and combines CMD with end point
biopsy for immunohistochemistry of the actual microdialysis
area to compare the findings of the two methodologies at a
specific time point, 24 h.

Knowledge of the effect of microdialysis catheter inser-
tion itself into the skin is important as a basis for the
interpretation of data from skin, whether it be normal,
experimentally provoked or diseased (10–16). The issues of
tissue reactivity, levels of trauma and recovery (equilibration)
times are central to any discussion of CMD. This is especially
so in the interpretation of findings on cytokines and other
biologically active molecules such as chemokines and growth
factors (9,10,17–19), which patently have longer “equilibra-
tion” times than axon reflex-mediated microvascular events
(11–13). Other central issues concern whether membranes
retain their laboratory bench determined function in relation
to passage of target molecules in vivo in the short- (e.g.
recovery of a given molecule) and longer term (e.g. biofouling)
and whether depletion of target molecules in the immediate
area around the membrane occurs (20–24). This study comple-
ments previously published data on CMD findings after catheter
insertion (18) and allows discussion of these questions within
that time period, which includes axon reflex-mediated mecha-
nisms, skin reactivity mechanisms and “biofouling”.

The objective of the present study was to use immuno-
fluorescence staining technique to compare, in skin biopsies
taken from the actual site of a microdialysis catheter
membrane in normal forearm skin, the presence or absence
of ten pro-inflammatory/lymphocyte regulatory cytokines
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which were measured in the microdialysate from the same
site an hour prior to the biopsy, approximately 24 h after
insertion of the catheter.

MATERIAL AND METHODS

Subjects

Ten healthy volunteers, four women and six men, with an
age range of 27–55 years, were given verbal and written
information of the procedure. The study was approved by the
Regional Ethics Committee for Human Research at Linköping
University no. 03–250.

Clinical Experimental Design

Subjects had participated in a previously published 24-h
microdialysis study. The catheter (CMA71 Microdialysis AB,
Stockholm, Sweden), a 10-mm polyethersulfone membrane
with a molecular weight cutoff of 100 kDa, was primed for 1 h
before insertion into the forearm to ensure perfusate flow
with Ringer Dextran Braun 60 (Apoketsbolaget, Gothenburg
Sweden), a colloid osmotic dextran solutionused in the clinic
for intravenous infusion (a physiological Ringer buffer
containing dextran where more than 90% of the dextran
molecules have a molecular weight between 20,000 and
110,000). A site was chosen so as to avoid obvious veins as
well as for convenience of fixation. The point of insertion was
anaesthetised with a local anaesthetic (Xylocain ® 10 mg/ml
Astra Läkemedel AB, Södertälje, Sweden), injected intra-
dermally. An 18-gauge Venflon catheter (Viggo Products,
Helsingborg, Sweden) was used as a guide, tunnelling in the
deep dermis or subcutaneous tissue for the first 1.5 cm and
then intradermally for the last centimetre in order to position
the dialysis catheter membrane as superficially as possible.
The catheter was inserted through the guide, the guide
withdrawn and the catheter tubing taped in position together
with a plastic frame designed to reduce torsion of the skin
with pronation and supination of the forearm. Thus, the
dialysis membrane at the tip of the catheter was situated
intradermally 1.5–2.5 cm from the point of insertion.
Dermascan A (Sonotron AB, Sweden) was used to
measure the depth of the membrane and the thickness of
the dermis. Once the catheter was in place, the pump
(CMA 106, CMA Microdialysis AB) was started and the
dialysate was collected at a flow rate of 0.3 μl/min. The
pump and tubing was strapped to the forearm with
supportative bandages to ensure free movement of the
arm. The outlet tubing and micro-sampling tube (Elkay
Products, Kemila, Stockholm, Sweden) was so positioned
as to ensure ease of tube changing. Subjects were
instructed to participate in normal activities, though not
heavy work or sport. Twenty-four to 28 h after catheter
insertion, the position of the membrane lying in the dermis
was marked on the skin surface with a marker pen. The
catheter was removed and after anaesthetisation with local
anaesthetic a 4-mm punch biopsy was taken from the area
where the membrane had lain within the skin, positioning
the marking across the diameter of the circular biopsy. The
biopsy, mounted in OCT Compound (Histolab, Gothenburg,
Sweden), was positioned prior to freezing so that the skin

marking (which was a projection of the probe placement on the
skin surface) was perpendicular to the section plane. The tissue
was snap-frozen in liquid nitrogen and placed in −70°C before
processing.

Microdialysate Recovery Experiments

The recovery (the amount of cytokines diffusing across
the 100-kDa membrane) was assessed under benchtop
conditions as earlier described (25). The cytokines (IL-1b, 2,
4, 5, 6, 8, 10, GM-CSF, INFg and TNFa) were obtained from
the Human cytokine 10-plex antibody kit (Biosource,
Nivelles, Belgium). The membranes were perfused with
Ringer Dextran 60 at a flow rate of 0.3 μl/min. The in vitro
recovery for the measured cytokines was expressed as the
median (n=3). GM-CSF and IL1b gave the highest per cent
recovery: 21.8% and 21.6%, respectively, IL5, IL6, IL8 and
IFNg between 11.8% and 18.1%, and IL2, IL4, IL10 and
TNFa showed recoveries of 5.3% or less.

Microdialysate Testing for Total Protein Content

The microdialysate aliquots taken throughout the experi-
ment including the hour before biopsy were analysed for
total protein content with the DC Protein Assay (BioRad,
Stockholm, Sweden) requiring a sample volume of 5 μl
(25).

Microdialysate Testing for Cytokine Content

The microdialysate taken during the hour before biopsy
was frozen in −70°C before being analysed for cytokine
content with the Human cytokine 10 plex kit (Biosource).
The method used is based on multiplex bead technology (26).
Briefly, polystyrene beads 5.6 μm in diameter contain a
different ratio of red and infrared fluorescent dyes particular
for each bead population, making 100 populations possible.
Each bead population has been covalently coupled with an
antibody directed against one cytokine, in this study IL1b, 2,
4, 5, 6, 8, 10, GM-CSF, IFNg or TNFa. All these ten different
bead populations are mixed together with the sample. The
bead–antibody–cytokine complexes are then mixed with the
detection antibodies (conjugated with biotin) directed against
the same cytokines bound to the bead–antibody complexes.
Streptavidin conjugated to phycoerythrin is then added and
the bead–antibody–cytokine–antibody complex is then ana-
lysed on a Luminex 100 IS instrument (Biosource) calibrated
and validated with Luminex control beads (Luminex, Austin,
TX USA). The Star Station acquisition programme (v2,
Applied Cytometry Systems, Sheffield, UK) processes the
fluorescence intensity of the beads and bound cytokine–
antibody complexes. Standard curves are generated by a five-
parameter algorithm in the analysis programme and plotted
on a log–log scale. The concentrations of the samples are
reported by the software. Results for the 1-h sample
immediately prior to biopsy will be shown in this paper.
Other time points in the microdialysis analysis are previously
published (18). Figure 1 summarises these findings. The lower
detection limits for the multiplex assay were (in pg/ml): IL1b,
5.9; IL2, 5.0; IL4, 5.0; IL5, 6.4; IL6, 4.1; IL8, 8.7; IL10, 4.6;
GM-CSF, 6.9; INFg, 4.0; and TNFa, 3.8.
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Immunofluorescence Staining for Demonstration
of Cytokines

The biopsies were analysed for the same cytokines as
those tested for in the microdialysate. The primary antibodies
used were monoclonal mouse anti-human IL1b, IL2, IL4,
IL5, IL6, IL10, GM-CSF, IFNg, TNFa and a polyclonal goat
anti-human IL8 (RnD Systems, Oxon, UK), all extensively
tested for immunohistochemical use on formalin-fixed cryo-
stat sections. Biotinylated goat anti-mouse immunoglobulin G
(IgG) and rabbit anti-goat IgG (DakoCytomation, Stockholm
Sweden) were used as secondary antibodies. To enhance the
immunostaining signal of the cytokines, streptavidin conju-
gated with Alexa Fluor™ 546 (Molecular Probes, Lieden, the
Netherlands) was used as the detection fluorophore. All
antibodies were titrated to give maximal immunofluorescence
with a low background staining. The staining procedure was
as follows: the biopsy was sectioned on a Leitz CM3050
cryostat (Göteborg, Sweden) at a thickness of 10 μm. Two to
three sections were placed in each well of an eight-well
microscope slide (Novakemi, Stockholm, Sweden) coated
with 0.1% poly-L-lysine (Sigma, Stockholm, Sweden) (27).
The sections were air-dried and placed in −70°C for at least
1 h. All slides were identified with the biopsy and glass
number following sectioning. After fixation in 4% parafor-
maldehyde for 15 min, the sections were blocked with 5%
normal goat serum (Immunkemi, Stockhom, Sweden) or 5%
normal rabbit serum (DakoCytomation) diluted in 0.1%
saponin/phosphate-buffered saline (VWR, Stockholm, Swe-
den). This was followed by incubation with streptavidin biotin
blocking reagent from Vector (Immunkemi). The primary
antibodies directed against the cytokines IL1b, IL2, IL4, IL5,
IL6, IL8, IL10, GM-CSF, IFNg and TNFa and controls were
then applied to the sections in a predetermined and
documented pattern. After incubation overnight, the slides
were washed and the sections were incubated with the
secondary antibodies, biotinylated goat anti-mouse immuno-
globulin (Ig) or biotinylated rabbit anti-goat Ig. Incubation at
room temperature was followed by washing. Alexafluor™546
conjugated streptavidin was applied to the slides and incu-

bated once more. After washing, slides were mounted in Anti
Fade from Molecular Probes, their identity was covered and
renumbered in a randomly chosen fashion, and stored in the
dark at 4°C until analysis. The code was broken after all slides
had been evaluated. Assessment of the immunofluorescent
staining was performed by examining the whole section. Any
red fluorescence found within the epidermis or dermis
localised in a morphologically recognisable cellular structure
was considered positive. The amount of positive cells per
viewfield was evaluated semiquantitatively as absent (“0”),
“+” (<5 cells per view field), “++” (>5 cells >20 per view
field) or “+++” (>20 cells per field) and noted together with the
number of the slide and well in the experimental protocol. All
sections were evaluated by one experienced investigator (FS).
Negative control of the staining procedure was done by
substituting the primary antibody with an isotype and concen-
tration-matched non-immune Ig (DAKOCytomation, Copenha-
gen, Denmark). Phosphate-buffered saline was also substituted
for the primary and secondary antibodies. A tonsil from a patient
with recurrent tonsillitis was used as a positive control tissue for
the cytokine antibodies (28,29) and titrationexperiments. Find-
ings seen in the dermis of normal (non-CMD) skin were mostly
negative as reported in the literature (30–32).

Instrumentation

The immunofluorescence staining was examined with a
confocal laser scanning microscope, LSCM Nikon Eclipse
(Nikon, Stockholm, Sweden) equipped with a 20/0.75 NA
(air/oil) plan-apochromat objective. The excitation source for
the subjective semiquantitative assessment of the staining was
a 100-W mercury arc lamp using epi-illumination. For laser
scanning and image acquisition, a 488-nm argon (Ar) laser
and a 546-nm helium neon (HeNe) laser were used. The
intensity of the two laser signals were monitored to give an
optimal signal without contributing excessively to the spillover/
background noise and photobleaching of the preparation. The
software EZ.C2 2000 (Teknoptics, Stockholm, Sweden) con-
trolled the confocal microscope, compensated for the refractive

Fig. 1. Summary of the findings in all cutaneous microdialysis samples in ten healthy individuals for each of the ten cytokines over 24 h. The
findings for each cytokine are the number of individuals: showing kinetics (rising and falling) of cytokine concentrations over time; for whom
only a few samples had detectable concentrations; not having detectable cytokine concentrations in any sample
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index and calculated the area of the sectional plane. The images
were viewed as 512×512 pixels per sectional plane and 0.34×
0.34 μm per pixel.

RESULTS

Subjects tolerated the procedures well.

Microdialysate Analysis

The presence of total protein in the dialysate confirms
that the membrane is positioned in tissue and functioning.
The levels are variable, but much higher (hundreds of
micrograms per millilitre) than the levels of cytokines
measured (picograms per millilitre). Total protein levels at
24 h are lower than during insertion trauma, but still at
around 50% of initial values (Fig. 2a). The individual value
for total protein in the sample immediately prior to biopsy
was available in eight subjects (Fig. 2b).

Detailed findings on the 24-h chronology of cytokine
production are available in a previous publication (18) and
are summarised in regard to their detection or not at an
individual subject level in Fig. 1. The cytokine concentrations
reported are not corrected for blood flow or in vitro recovery
and thus do not reflect the actual tissue concentration. Table I
tabulates the results for CMD and immunofluorescence (IF).
Individual cytokine suspension array values in the hour prior

to biopsy can be seen in Table I in column “M”. At this time
point, a range of findings was seen from positivity in every
individual (IL6 and IL8) to values failing to reach, in any
subject, the lowest standard point of the analysis (IFNg). IL1b
and IL2 were above the lowest standard point in six subjects.
GM-CSF was above the lowest standard in four subjects, with
the remaining cytokines (IL4, IL5, IL10, TNFa) being above
the lowest standard in one to three subjects. The total protein
levels (not shown in Table I) showed no correlation to the
cytokine concentrations.

Immunofluorescence Demonstration of Cytokines

Column “IF” in Table I shows the outcome of the
semiquantitative assessment of fluorescence for the ten
cytokines in the “end point” (24-h) biopsies of the ten
subjects (column IF). The cellular localisation of the cyto-
kines was the criterion for inclusion as positive, and this was
seen to varying degrees (0, +, ++, +++). IL8 was seen in all
subjects, IL6 was seen in 70% of the subjects, and TNFa in
50%. IL1b, IL2, GM-CSF and IFNg were seen in 30–40% of
the subjects; IL4, IL5 and IL10 were seen least often, in 10–20%
of the subjects. For five cytokines in one patient, no assessment
could be performed due to a technical problem (noted as ND).
IL5 was applied at the wrong concentration in five individuals
and excluded from the evaluation (noted as ND). Figure 3
illustrates the IF findings in one subject, with a red stain showing
the presence of IL6 and a green stain depicting a cell surface
marker for endothelial cells.

In order to facilitate an interpretation and comparison
of IF and M findings, Table I also introduces and summates
various concepts: the number of observations available for
the assessment for IF and M (Analysable IF and M); the
positive findings of the two methods at the present
sensitivity thresholds for the individual cytokines (Total
positive IF and M); the number of individual subjects for
whom both IF and M were available (Analysable pair
comparisons); and the number of concordant paired find-
ings, whether positive or negative (% total individual
concordance).

The total number of positive findings (IF and M) was
approximately the same for IF (41 positive) and M (43
positive). Viewed from the aspect of the individual cytokine
in the whole group, the fluorescence technique gave a larger
number of positives than the microdialysis technique for
IFNg, TNFa and IL10 (four more biopsies, two more biopsies
and one more biopsy, respectively). For IL4 and IL8, the
number of positives was the same for the two techniques (the
individual concordance levels were 77% and 100%, respec-
tively). For IL1b, IL2, IL5 and GM-CSF, the number of
positives was greater for microdialysis. By counting the
number of paired findings that were the same, concordance
at an individual subject level was found to be highest for IL8
(100%) and lowest for TNFa (50%), with the remaining
cytokines distributed between these two values.

DISCUSSION

This comparison of microdialysis (CMD) and IF findings
is based on data at one point in time, 24 h. The twinning of
microdialysis and skin biopsy analysis in this study, though

Fig. 2. a Median and range of total protein concentration (in μg/ml)
in cutaneous microdialysis samples from ten individuals. The samples
were collected hourly during the first 8 h, thereafter one sample
collected during the following 5 h, one sample collected during the
night and then again hourly collection the next morning until 24 h
after catheter insertion. b Total protein concentration in (μg/ml)
analysed in the cutaneous microdialysis sample collected the hour
before biopsy, 24 h after catheter insertion. The figure shows the
median and interquartile range for eight of the ten individuals
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supportive of the assertion that catheter insertion trauma
induces IL1b, IL6 and IL8, did not show complete concordance
of findings at an individual level. This is not necessarily
surprising, and a consideration of the possible sources of the
lack of total concordance can illustrate facts and concepts about
themethodologies and their use, the nature of the tissue biology
involved, as well as ways in which future studies can use the
techniques as complementary to each other in experimental
protocols which are designed to facilitate interpretation of data.

Cytokines are proteins produced by cells and act in
autocrine, paracrine and endocrine pathways “cell to cell” (1–3).
Therefore, the criterion for analysis of the immunohistological
findings was intracellular and membrane-bound presence of the
cytokine. Demonstration of such in a biopsy constitutes good
evidence for the involvement of that cytokine in the tissue
process under study. In many studies, IF findings are presented
as “stand-alone” findings. The most notable IF findings in the
present study were the demonstration of IL1b, IL6 and IL8
reactivity in the dermis in the vicinity of the minimal wound
caused by catheter insertion. CMD detects cytokines in the
extracellular space of a tissue. The technique’s chief advantage
is that observations can be made over the course of a reaction
rather than at one point in time. If the 24-h sample were used as
a “stand-alone” finding, the most notable feature here would be
the finding that the pro-inflammatory cytokines IL1b, IL6 and
IL8, though lower than in the first 12 h of the catheter insertion,
are still elevated, underlining the long recovery time of the
skin’s reactivity to insertion trauma in regard to cytokines.

Detailed comparison of CMD and IF showed that the
two techniques had comparable numbers of “positives” at a
group level but varying concordance of findings at an
individual level. For both CMD and IF, false positivity is
unlikely since the techniques have high specificity and since
technical routines for the techniques were followed rigor-
ously. Thus, in the comparison of differing results, the
emphasis can be on reasons for “false negativity” on the part
of one technique compared to the other.

If a particular cytokine is not detected with CMD, there
are alternative explanations to be considered apart from the
actual non-involvement of the cytokine:

1. The analytical technique may not be sufficiently
sensitive to detect the low levels of cytokines.

For better sensitivity, the volume of the sample could
be increased or the perfusion speed reduced. Also high-
sensitivity bead arrays would allow these cytokines to be
detected at sub-picogram concentrations (33).

2. All secreted cytokines are bound to their cognate
membrane receptors.

The CMD only samples secreted unbound protein in the
extracellular space. Thus, histological techniques are required
for the detection of cytokines bound to cellular membrane
surfaces and intracellular stores.

3. There may be sufficient release of cytokines into the
extracellular space, but the cytokine is consumed by
regulatory processes.

Cytokine binding is a complex issue. Several cytokines such
as IL1, IL2, IL4, IL6, TNFa and IFNg have soluble binding
proteins which function as physiological regulators of cytokine
activities. The expression of most cytokines is tightly regulated
at many levels and influenced by a balance of signals (34).
Interpretation of findings will need to be done on a case-by-case
basis based on a detailed knowledge of the cytokine in question.

4. The cytokine is available in extracellular space but the
microdialysis membrane or some other component of
the catheter system is impermeable for, incompatible
with or binds the cytokine.

Characterisation of the interaction of macromolecules with
membranes and other catheter components is necessary in this
area. As we and others have found, passage of cytokines
through the PES membrane is not only dependent upon the
molecular weight but is also far more complex and includes the
actual structure, charge and othermolecule characteristics of the
proteins (17,18,25,35). Much of this work is of common interest
for all researchers using microdialysis. Use of a commercially
available probe, with the regulatory and quality control
procedures involved in the individual components and manu-
facturing, is an advantage in this regard.

When IF findings are negative for a particular cytokine
(i.e. no evidence at a cellular cytoplasm or membrane level),
there are a number of possible explanations other than the
lack of actual participation of the cytokine at this particular
time point or that cellular factors released by the insertion
trauma do not activate de novo production:

1. The cytokine in preformed vesicles has been released
at an earlier time point and metabolised.

2. Cellular production of the cytokine is downregulated
because the surface receptor of the target cell is
internalised, shedded or transmodulated (36–39).

3. The cytokine may have been blocked from binding to
its surface receptor by a receptor antagonist (34).

4. The actual demonstration of the required morphology
was limited by the small number of cells available for

Fig. 3. A ×20 micrograph of an immunofluorescence stained section
of a skin biopsy taken from the site where a microdialysis catheter
membrane had lain for 24 h. The epidermis is uppermost. The red
colour shows the location of the antibody directed against the
cytokine IL6. The green colour shows the location of the antibody
directed against a membrane antigen found on endothelial cells
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assessment in the histological slide. This is particularly
problematic in the assessment of blood-derived cells
in normal skin since they are present in low numbers
(15).

In the here presented findings, IF implicated IFNg,
TNFa and IL10 in the tissue reaction more often than the
microdialysis findings. The total individual concordance for
these same cytokines was 60%, 50% and 66%, respectively.
In these cases, it can be speculated that poor sensitivity of the
analysis of the microdialysate might be an explanation.
Though IL4, IL5 and IL8 were implicated in the same
number of subjects for each technology, the individual
concordance levels were 77%, 80% and 100%, respectively.
Thus, “better” performance was distributed between the two
technologies. IL1b and IL6 were positive less often in the
biopsy than in the microdialysate, with an individual concord-
ance of 50% and 70%. In these cases, (cellular production may
be downregulated but) residual cytokines might still be present
in the extracellular space from cellular activity/production at an
earlier stage in the reaction chronology and thus detectable at
CMD. Alternatively, receptor blocking by an antagonist may
have occurred in the IF. We conclude that information from the
two technologies is complementary and that availability of both
result sets may be an advantage in the interpretation of findings
from an experimental situation.

Given the general confirmation of the CMD findings by
the IF findings, we also conclude that CMD findings on
cytokines in the period up to around 24 h after catheter
insertion are legitimately accessible to analysis despite issues
under discussion as to the tissue reactivity to the catheter and
events after insertion which may compromise catheter
function (19,22,40). Initial histamine release and axon
reflex-mediated hyperaemia can be accommodated for by
the observance of an “equilibration period” in the study
protocol (11,12). The “equilibration period” for IL1b, IL6
and IL8 (and of course other as yet not studied molecules
involved in the process) needs to be of the order 12–24 h to
allow for the return of cytokine levels to a level from which
possibly significant elevations can be discerned. Blood flow is
the classical variable in microdialysis, especially for small
molecules for which modelling/normalisation of data needs to
be considered. For larger molecules like cytokines, blood flow
is probably less important, although the question is as yet not
fully elucidated. After the short-term changes (17), deposition
of proteinaceous material on the catheter membrane referred
to as “biofouling” (19,22,40) can be suspected of causing
changes in catheter membrane performance. Such deposition
is reported to occur within the 24-h time frame of this experi-
ment (40), but our findings indicate that they do not necessarily
preclude an attempt at interpretation of findings. Other tissue
reactivity forms such as encapsulation and foreign body
responses may occur in catheters present in the tissue for longer
periods (days/weeks) (41,42). In every experimental situation,
matters such as these need consideration on a case-by-case basis
in regard to, e.g. the specific membrane, the perfusate, the tissue
and the length of the experiment (18).

Tissue reactivity to insertion trauma can be considered at
another more positive level in microdialysis studies. We have
suggested (18) that the skin reaction to the mechanical
trauma of catheter insertion can be seen as an innate immune

response of inherent protective and regenerative value. As
such, the reactivity which introduces challenges in the
performance and interpretation of CMD also introduces a
potential “bonus” in that reactivity may be individually
variable and thus describe the “phenotype” of the subject
under study. Age may be an example of a relatively benign
source of reduction in reactivity to various non-microbial
inductions of innate reactivity (e.g. UVB, irritants). Even
common disease entities like psoriasis and atopic eczema are
widely considered to reflect varying innate reactivity levels
(43–47). A more uncommon example of variant reactivity to
minimal trauma in disease is the pathergy reaction to minimal
trauma seen in Behçet’s disease and some other inflammatory
diseases (48).Whilst insertion of amicrodialysis catheter ismore
complicated than necessary for the directed study of reactivity to
minimal trauma (49), it should be noted that CMD can be
viewed as involving a similar minimal skin trauma—but with
dermal reactivity isolated from epidermal reactivity. The point
we wish to make is that the insertion trauma of the catheter
insertion is not merely a troublesome event needing consid-
eration in the design of the research protocol, but also a
potential built in provocation of innate functional reactivity in
the individual skin under study. This can enhance the exper-
imental design by better classification of the participating
subject’s phenotype and, in some scenarios centering on innate
immunity, actually be a part of the research scenario.

The 24-h period studied in this paper is an earlier period
than the 3- to 10-day time points which gave rise to the
discussion of biofouling and encapsulation, which might
question the reliability or the relevance of microdialysis data
gathered particularly on cytokines, chemokines and growth
factors. We have demonstrated that total protein levels in
microdialysates are still elevated at 24 h, which we believe can
be interpreted as evidence for the functionality of the
membrane. The relatively good agreement at an individual
subject level between CMD and IF findings supports this
contention. Differences when seen should be considered, in
the first instance, as the possible result of different methodo-
logical problems and then as the result of actual differences in
tissue biology suiting one methodology more than the other.
The present experimental protocol (chronological micro-
dialysis study followed by end point biopsy at around 24 h)
is attractive in human research since it has the potential to
give the following points of information in a studied
individual: presence of extracellular cytokines in the skin
prior at the time of catheter insertion; the nature and degree
of the innate response to minimal trauma which the catheter
insertion constitutes; the presence and level of cytokines in
the recovery phase of the insertion trauma response; the
presence and level of cytokines “post-equilibration”; and
actual presence of cytokine at a cellular level at “end point”
biopsy at 24 h. Interpretation of cytokine data at a later time
than 24 h may well require greater consideration of biofoul-
ing, encapsulation and other longer term consequences of the
microdialysis catheter insertion into the tissue.

CONCLUSION

Histology has, for centuries, been the methodological
workhorse in extending knowledge on tissue biology in health
and disease. Particularly, IF has extended our detailed
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knowledge of tissue processes at a particular point in time.
CMD has only around two decades of history. Tracking
change is the strong point of microdialysis technique. It can
demonstrate dynamic processes in a tissue over a period of
time and is less invasive than repeated biopsies. Insertion of a
microdialysis catheter, though well tolerated, is still a
minimally invasive event, the effects of which need to be
accommodated for in protocols if experimental results
particularly on cytokines are to be interpretable. The study
of the period up to 24 h after catheter insertion in normal
(uninvolved) skin shows that IL6, IL8 and IL1b concentra-
tions, though lower than at earlier time points, are still
elevated. This means that in studies of provoked or diseased
skin, higher levels than those reported here would need to be
seen to infer participation of a particular cytokine in a studied
tissue process at a particular time point. At the same time,
seven other here studied cytokines show no or relatively low
levels at the 24-h time point—deducing involvement in a
provoked or diseased tissue process would thus be easier for
these cytokines. For other inflammatory or homeostatic
mediators not here studied, the chronology of the effects of
catheter insertion into normal skin would need to be estab-
lished. In future translational and clinical studies of the complex
areas of homeostatic, reactive or pathological tissue processes,
the combination of microdialysis and “end point” biopsy can be
predicted to have the ability to produce complementary data
sets relevant for the understanding of disease processes at an
individual and group level.
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