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ABSTRACT. Sixty-five samples of cerebrospinal fluid (CSF) were evaluated using an automated cytoflow
method with the CD-Sapphire hematology analyzer in order to investigate possible relationships between
cell population patterns and diagnostic groups and better understand the biology of neurological disease.
A basic panel of CD markers, including CD3/4/8/19/138/HLA-DR, was used to analyze CSF samples from
clinical and laboratory confirmed cases of multiple sclerosis, neuroborreliosis, viral and bacterial neuro-
infective diseases, malignant infiltrations of meninges and scavenger macrophagic reactions of the central
nervous system. The principles of immune response and the contribution of cytological ‘disease-related pat-
terns’ for these nosological entities are described. The distinct patterns of lymphocyte subpopulations in neuro-
borreliosis appear to be characteristic and could possibly serve as diagnostic indicators. Further verification
and research will be necessary to clarify the significance and nature of CD4" CD8" positive subset in cerebro-
spinal fluid.

Abbreviations

CD cluster of differentiation Mab monoclonal antibody(ies)

CNS central nervous system MIM malignant infiltration of meninges

CSF cerebrospinal fluid MS multiple sclerosis

IND inflammatory neurological diseases NB neuroborreliosis

FL fluorescent channel NIND non-inflammatory neurological diseases
FITC fluorescein isothiocyanate PE phycoerythrin

As a precondition sine qua non for precise cytological diagnosis of nosological entities impairing
the CNS and peripheral nervous system, permanent cytological preparations using classical and specialized
cytological staining procedures are made according to routine protocols. However, relatively little is known
about the patterns of lymphocyte subsets, as defined immunologically with Mab, in CSF. Most published
reports describing Mab only describe changes in highly specialized (e.g., activation) markers and, with the
notable exception of specific procedures designed to assess the possible presence of malignant leukemic or
lymphomatous CNS infiltration (Hausler et al. 2003; Babusikova and Zeleznikova 2004), have limited
diagnostic relevance, due to impossibility to express sufficiently the composition of antigen-presenting cells
in CSF and due to absence of description of basic principles of CD marker changes in complete spectrum of
etiological entities.

No matter how the humoral processes of neuroinflammation are described relatively in detail-con-
cerning immunoglobulins (Svatoniova 2006), concretely in MS and NB (Bednarova 2006), as well as inflam-
matory markers (Adam et al. 2001), the cellular characterization of neuroinflammation is also rather well
understood (Cepok et al. 2006), nevertheless the principal changes during the inflammatory reaction are
rather neglected, although some insights into changes associated with tick-borne encephalitis (Holub et al.
2002) and NB (Jacobsen et al. 2003; Kivisakk et al. 2003) have been documented, and again, with descript-
ion of activation markers without respect to global changes of lymphocyte subsets during neuroinflammat-
ion. The possibility that lymphocyte subset changes could be diagnostically important is supported by stu-
dies of multiple sclerosis describing the presence of plasmablasts with CD138 positivity as a rare but highly
specific marker in MS (Cepok et al. 2005), which is a substantial observation, including evidence of late B-cell
differentiation (Corcione et al. 2004; Haubold et al. 2004) and the presence of /8 cells (Murzenok et al.
2002), present also in peripheral blood. A CSF Tyl shift has also been suggested in CIDP (Mei et al. 2005),
which could be of clinical relevance, while the trafficking of CD4" memory T-cells expressing gut- or skin-
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specific determinants through the choroid plexus and meninges (Kivisiakk et al. 2003) represent only interest-
ing observations without consequences to diagnostics or therapy.

We have investigated the biological nature of CD-marker-defined cell populations in CSF with a re-
stricted panel of Mab reagents. To date, 65 samples of CSF have been analyzed using anti-CD3, CD4, CDS,
CD19, CD138 and HLA-DR antibodies with the immunofluorescent flow cytometric capability of the Cell-
Dyn Sapphire (Abbott Laboratories, Santa Clara, USA) hematology analyzer.

MATERIALS AND METHODS

A total of 65 CSF samples were obtained for routine diagnostic reasons from patients with IND and
NIND. These comprised 8 samples of clinical and laboratory-confirmed cases of MS, 9 cases of NB, 7 of
viral and 8 of bacterial neuroinfective diseases (3 with granulocyte predominance and 5 with mononuclear
cell predominance), 7 malignant infiltrations of meninges and 19 scavenger macrophagic reactions of the
CNS (including 10 with subarachnoidal hemorrhage). Further 13 samples were classified according to bio-
chemical, serological and cytological findings as normal.

The samples were initially examined using classical cytological procedures; cell count in Fuchs—
Rosenthal chamber and evaluation of permanent cytological preparations (Giemsa—Romanowsky staining).
Subsequent Mab analysis with the CD-Sapphire instrument was undertaken with fluorochrome-labeled mono-
clonal antibodies against CD3 (Caltac, UK), CD4, CD8, CD19, CD138 and HLA-DR (DakoCytomation,
Denmark). The minor proportions of CSF sample events that were characterized as non-viable or degenerate
were specifically excluded from the analysis.

Residual CSF sample remaining after routine laboratory analysis was used and, because of the tech-
nical limitations of low CSF cellularity, preliminary concentration by careful centrifugation was necessary
prior to Mab staining and processing.

Raw data files were downloaded from the CD-Sapphire and analyzed using FCS Express software
(http://www._denovosoftware.com), and the distributions and numbers of marker-defined populat-
ions related to the different CSF diagnostic categories were collected.

RESULTS

There were several notable observations in these preliminary studies. The first was the clear demon-
stration of lymphocytes co-expressing both CD4 and CDS8 antigens (Fig. 1). These CD4" CD8" lymphocytes
were seen with the highest relative frequency in multiple sclerosis (7.9 %, Table I) although they were also
prominent in some cases of NB. Additional observations suggest that these represent a specialized subset of
CD3" T-lymphocytes and further investigation with modified Mab reagent systems is carried out to validate
the relationships with other lymphocyte population disturbances, diagnostic type and disease stage. A second
observation suggested that CSF samples from patients with bacterial infection, particularly in the later stages
where there was a mononuclear cell predominance, had a clear imbalance between the numbers of CD3"
T-cells and the combined numbers of CD4" and CD8" T-cell subsets. The possibility that these represent
CD3* CD4~ CD8™ components is also being further investigated.

Despite having used the restricted panel of immunological Mab reagents and having been well aware
of the limited number of evaluated samples, our results further suggest some basic cellular patterns as fol-
lows:

Normal: The typical CSF cytological finding was defined by a cell concentration of <5/mL and
a predominance of lymphocytes, a few monocytes and, in samples contaminated by peripheral blood during
lumbar tap, the presence of variable numbers of red cells and occasional neutrophils. CD marker analysis de-
monstrated a predominance of T-cells expressing the CD3 antigen.

Neuroborreliosis (Lyme disease): In this frequently seen tick-borne spirochetal infection, which
causes neuro-infective impairment, classical cytology reveals pleiocytosis, a predominance of activated
lymphocytes and the presence of plasma cells. What is most evident in the CD analysis is the relatively high
frequency of B-cells expressing CD19 and/or CD138 antigen compared to other disorders including viral
neuro-infection (Fig. 2). In the course of the disease, mature CD19" B-cells appear to progressively mature
to CD19~ CD138* plasma cells. This distribution of lymphocyte subpopulations seems to be characteristic
for NB and could possibly serve as a diagnostic criterion for distinguishing this particular infection from the
CSF lymphocytoses that characterize viral diseases.
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Viral encephalitis and/or meningitis: This is a frequent type of neuro-infective disease caused by
a number of quite distinct viral agents. In classical cytology, there is a prevalence of activated lymphocytes,
although in the early stages of infection there can be a relatively high prevalence of neutrophils. After
immunological analysis, most lymphocytes appear to be CD3" CD4" and there is a high CD4:CDS8 helper to
suppressor T-cell ratio (Fig. 3, Table I).

Table I. Summary of cell population distribution according to diagnostic group?

Bacterial in.fection with Viral o Multiple

Populationb predominance of infection Neuro:(irrgehosls sclerosis
granulocyte,N=3  MNC, n=5° n=7 n=38

CD3™" T-cells, % of all cells 4.8 50.3 443 54.7 76.0
CD3%la™ % of T-cells <1.0 1.1 2.0 33 6.4
Ia™/CD19" B-cells, % of all cells <0.10 0.50 14 14.2 3.9
Ia* monocytes, % of all cells <0.10 37 29 8.8 2.1
CD4" cells, % of all cells 0.60 7.5 39.1 39.6 46.0
CD8" cells, % of all cells 0.40 49 6.4 13.6 15.6
CD4:CD8 ratio 1.5 1.5 6.1 29 2.9
CD4" CD8" cells, % of all cells 0.14 0.35 1.3 1.7 7.9

3Data obtained from merged files for all samples in each diagnostic group.
bDifferentiation of monocytes from CD3™ la*/CD19" B-cells based on combined fluorescence and optical profiles.
“Mononuclear cells (lymphocytes or monocytes).

Bacterial purulent infections: These are typically characterized by a predominance of neutrophils,
clearly demonstrated by classical CSF cytology, although following the administration of antibiotic therapy
the neutrophils are usually replaced by CD3* lymphocytes (Fig. 4).

Multiple sclerosis: This is the most commonly seen autoimmune disease impairing the CNS. Classi-
cal cytological preparations usually show low cell counts with a prevalence of activated lymphocytes and
plasma cells which are almost certainly associated with intrathecal synthesis of immunoglobulins (especially
IgG). During CD analysis, the presence of a population of cells expressing both CD4" and CD8* simultane-
ously can be observed in CSF samples of MS patients. Detailed immunological analysis of suspected MS CSF
samples can be limited by the low cellularity of CSF samples in MS.

Malignant infiltration of meninges: Neurological infiltration and impairment of CNS often occurs in
leukemia, malignant lymphoma, carcinoma and melanoma. With classical CSF cytology, the pathognomic
feature is the presence of malignant cell although there can also be a predominance of activated monocytes.
In leukemia and lymphomas, the use of immunological reagents can be particularly helpful in their identific-
ation.

DISCUSSION

Although there are some clear limitations of this study which stem from the small groups investiga-
ted, restricted sample volume and panel of antibodies, as well as the low cellularity of CSF, still it is evident
that flow cytometric analysis of CSF can significantly enhance the interpretation of morphological observat-
ions and offers a more practical alternative to classical immunocytology (Lodin 2003) and cytochemistry
(Taborsky et al. 2003).

We cannot predict the areas of further development in the field of CSF research but our initial re-
sults are highly promising. To fully understand its potential, however, it will be necessary to further verify
these findings with larger patient groups and clarify the possibly important observations regarding CD4/CD8
co-expressing cells in MS and NB, and the apparent increased presence of CD3" CD4~ CDS8™ cells in bac-
terial infection. Surprisingly, the co-expression of CD4" CD8" has been rarely described as a significant
population in peripheral blood, having no relationship to clinical diagnostics (Sala et al. 1993).

The aim of our study is to establish laboratory disease-related patterns that have relevance to the
clinical diagnosis, etiological entity or disease stage. As has been demonstrated in NB, the representation of
lymphocyte subpopulations seems to be characteristic, and it could possibly serve as a significant diagnostic
tool in distinguishing from the immune responses of viral diseases.
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Fig. 1. Distinct population of CD4" CD8* cells; MS, merged files (n = 8); FL1: CD4 (FITC), FL2: CDS (PE).
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Fig. 2. Neuroborreliosis; merged files (n =9); FL1: CD3 (FITC), FL2: CD19/HLA-DR (PE); distinct populat-
ion of B cells (and monocytes) at FL2 axis.
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Fig. 3. Viral meningo-encephalitis; merged files (n = 7); FL1: CD3 (FITC), FL2: CD19/HLA-DR (PE);
T cells (T) and polymorphonuclears (PMN) are gated, very low number of B cells (CD19) detected.
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Fig. 4. Bacterial meningitis, late phase; FL1: CD3 (FITC), FL2: CD19/HLA-DR (PE); polymorphonuc-
lears (PMN), T cells (T) and monocytes (Mono).
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In comparison with the previously used methods to identify the increased number of B lymphocytes
in NB which were based on visual microscopic evaluation of stained cytological preparations (Schédlich et
al. 1980), the discussed method of flow cytometry offers more precise, non-examiner-dependent results. In
MS, we confirm the presence of CD138-positive plasmablasts in CSF in comparison with observations by
Cepok et al. (2005).

It is proposed that classical cytological methods supplemented by flow cytometry will provide
a means for obtaining qualitatively new analytical information.
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