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CELLULAR DIAGNOSTICS
A Challenge for Laboratory Medicine

Mathias M. Miiller
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Summary: Investigating cells for genetic features, malignant transformation, surface characteristics, meta-
bolic functions and signalling will be future key elements for diagnosis of diseases. Integrating this new area into
Laboratory Medicine will add new competence and responsibility to Clinical Biochemistry and Laboratory
Medicine. Cellular genetics will be a main area for the diagnostic laboratory to investigate risk and prognosis for
diseases having also impact on a more individualised medication. With the introduction of flow cytometry a more
objective way of cell identification by immunophenotyping was added to classical microscopy allowing accurate
classification of leukaemias. In addition the functional status and the origin of blood cells or cells in other body
fluids (liquor, ascites) can now easily be detected. Cell mediated immunity plays an important role in infectious
diseases and in transplantation medicine. The CD4/CD8 ratio of T-lymphocytes is already a routine test for dif-
ferentiation between viral infection and rejection crises and for monitoring of these conditions. In cellular coagu-
lation platelet function tests will add value to the established plasma tests. The dosage of drugs is now monitored
by measuring the blood levels of drugs or their metabolites. In addition investigating the direct effect of drugs on
targeted cell functions might be a more specific way.
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Introduction

The development of a medical discipline is not
even but rather cascade-like with peaks and plateaus.
The basis for further progress is always combined with
new scientific knowledge and advancement in bio-
medical technology. Although with the identification of
the human genome we know the structure of genes,
more about their function and products have to be
elucidated. Molecular biology techniques, tissue cul-
ture techniques, flow cytometry using monoclonal
antibodies, mass-spectrometry and other technolo-
gies allow measurements in small scale. Even after the
introduction of the high-technology instruments of
great sensitivity routine diagnostics in Laboratory
Medicine using mainly serum as source for the exam-
inations do not bring any additional new information in
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diagnostics and have thus not changed the patient
care. However, today the clinician would also like to
identify the tissue or the cell of origin from which a se-
rum component originates. This is even more impor-
tant in cases with mildly pathological values.

Good laboratory practice is defined as »doing the
right thing right at the right time« based on medical
knowledge and evidence. Therefore now the most
advanced techniques should be used for diagnosis of
diseases by investigating in addition to body fluids
cells, a new target for diagnosis. Cell functions trigge-
red and regulated by numerous proteins and media-
tors, influenced by biochemical and physical stimuli
will become key elements for pathological physiology
and diagnosis of diseases and will open new perspec-
tives in diagnosis and treatment.

Cellular diagnostics in Laboratory Medicine will
enter genetics, haematology, haemostaseology, bio-
chemistry, immunology, and drug monitoring. Thus
new diagnostic concepts for risk assessment, diagno-
sis of health, disease, and follow-up of patients, will be
developed. In the following review perspectives of cel-
lular diagnostics are given and some examples are
described.
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Cellular Genetics

Cellular genetics will be a main area for the diag-
nostic laboratory to investigate risk and prognosis for di-
seases having also impact on a more individualised me-
dication. One can envisage the following main areas:

* Diagnosis of monogenic (metabolic) diseases;

* Risk estimation of multigenic conditions of diseases,
e.g. arthritis, cardiovascular diseases, hypercoagula-
bility, dementia;

* Effect of genetic fingerprints on individual drug de-
sign.

Non-invasive prenatal diagnosis during pregnan-
cy can be achieved by separation of fetal cells from
maternal blood by immmunomagnetic capturing fol-
lowed by investigation with PCR-technology. Thus fe-
tal trophoblasts, lymphocytes, granulocytes, stem
cells and nucleated red blood corpuscles all having
specific surface antigens can be isolated. These cells
are useful for early detection of metabolic disorders.
The same approach can be used for the isolation and
investigation of malignant cells or their genetic prod-
ucts from blood in cancer patients. Tumour specific
genetic material in blood, far from the tumour site,
might be a useful diagnostic tool for diagnosis and
prognosis. In breast cancer patients a mean concen-
trations of 211 ng/mL of plasma DNA were measured
whereas in healthy controls only 21 ng/mL were de-
tected (1). In patients exhibiting p53 mutations in their
primary tumour 65 % also showed p53 mutations in
their plasma DNA. Patients with tumour and plasma
DNA p53 mutations had the worst prognosis with
respect to recurrence and distant metastasis.

Cellular Haematology

In haematology cellular diagnostics has always
been a main area of interest. With the introduction of
flow cytometry a more objective way of cell identifica-
tion by immuno phenotyping was added to classical
microscopy allowing accurate classification of blood
malignancies. For identification of white blood cells
fluorescence labelled monoclonal antibodies are used.
Well defined monoclonal antibodies are used for the
identification of the normal white blood cell classes
(Table ). Malignant or premature white blood cells
exhibit a variety of additional abnormal epitopes, which
are used for specific identification of cell lineages. As
an example the step-by-step diagnosis of a follicular B-
cell ymphoma exhibiting a B-cell clone is described in
some detail (Table II, Figure 1).

In addition the functional status and the origin of
cells in other body fluids (liquor, ascites) can now eas-
ily be detected by means of flow-cytometry in combing
fluorescence conjugated monoclonal antibodies reco-
gnising specific surface cell markers with cell-cycle
analysis after intracellular staining of DNA with probid-
ium-iodide. With this approach an inflammatory leu-

Table I Clusters of differentiation in flow cytometry

White Blood Cells Monoclonal Antibodies

Leucocytes CD 45
Granulocytes CD 15
Monocytes CD 14
T-lymphocytes CD 3
Helper-T-lymphocytes CD3,CD4
Cytotoxic-T-lymphocytes CD3,CD8
B-lymphocytes CD 19
NK-cells CD 16/CD 56

Table Il  Follicular B-cell lymphoma.
Blood count and flow cytometry — 54 years old
female of unknown history.

Blood Cells Patient |Reference Ranges
Blood Count
Leucocytes (/uL) 12.540 4.300-10.800
Lymphocytes (/uL) 4.264 1.100-4.320
Lymphocytes (%) 34 25-40
Differential blood count Atypical

lymphocytes

Flow Cytometry
T-lymphocytes (juL) 2.480 660-3.655
T-lymphocytes (%) 47 60-85
B-lymphocytes (uL) 1.766 10-989
B-lymphocytes (%) 34 7-23
CD19+/CD5* — Cells (%) 0 0-20
CD19*/kappa™ — Cells (%) 5 0
CD19+/lambda™* — Cells (%) 100 0
CD19+/CD38+ — Cells (%) 0 60-80

cocytosis in the spinal fluid can be accurately distin-
guished from a meningial carcinomatosis. The cells
investigated in the liquor cerebrospinalis showed two
features characteristic for malignant cells: surface
expression pattern of the epithelial cells’ CAM 5.2 epi-
tope and 76 % of hyperploid DNA concomitant with an
increased synthesis rate of 13 %.

Cell mediated immunity plays an important role
in infectious diseases, in transplantation medicine for
the detection of the immune status of patients, and in
immunodeficiencies. The determination of the CD4/
CD8 ratio of T-lymphocytes by flow- cytometry is al-
ready a routine test for differentiation between these
clinical conditions and in the follow-up of patients with
severe viral infections and rejection crises. In uncom-
plicated post-transplantation course a ratio of 1.46 =+
0.96 is measured. Due to increase of CD4+ T-helper
cells the ratio increases to 2.34 * 0.72 approximately
one week before the clinical symptoms of a rejection
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1b. Flow cytometry scattergrams showing CD-markers expressed. The lambda-positive B-cell clone
is specific for this B-cell lymphoma. Cell Quest software (Becton Dickinson, San Jose, CA, USA) was used.

Figure 1. Follicular B-cell ymphoma. 54 years old female, laboratory data described in Table II.
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crises in kidney transplant recipients. Viral infections
are characterised by a decrease of CD4* T-helper
cells and a relative increase of CD8* cytotoxic T-cells
show a ratio < 0.9 (2, 3). The ratio has been demon-
strated also a useful tool in the follow-up, staging of
cancer patients (4) and in monitoring antiviral therapy
in patients with HIV infections (5, 6). Flow cytometry
enables also to measure specific functions of cells.
Monocytes/macrophages are important in cell-media-
ted response in infection and rejection crises in the
post-transplantation course. The HLA-DR expression
of blood monocytes are markers of their functional
status and useful for the prognosis. Increased HLA-DR
expression on monocytes are characteristic for graft
rejections; in contrast decreased expression are found
during viral and bacterial infections (7).

Cellular Haemostaseology

In cellular coagulation platelets functions are the
target for diagnostic tests used in addition to the
established plasma tests investigating coagulation fac-
tors. Conventional platelet counts performed in rou-
tine haematology only allow discrimination between
thrombopenia and thrombocytosis that might be relat-
ed with disturbances in blood coagulation. Collagen
and ADP platelet activation tests have been estab-
lished for monitoring platelet functions and platelet in-
hibitors. Recently a platelet function analyser has been
marketed and promoted for assessing effectiveness of
platelet antagonists and platelet transfusions (8, 9).

The ADP platelet activation test is based on the
fact that the expressions of membrane integrins
(GPIIb/llla) are increased when ADP is bound to the
purine receptor. Monoclonal antibodies conjugated
with fluorescence dyes had been raised for these inte-
grins and are used for flow cytometric determination
of platelet activation. In Figure Il the ADP-concentra-
tion dependent CD-41 (GPIIb) and PAC-1 (GPIIB/llla)
expression is shown. Reference ranges for CD 41 and
PAC-1 expression on freshly isolated blood thrombo-
cytes using stimulation with 10 umol/L ADP for 15 mi-
nutes at 37 °C are summarised in Table [ll. With this
approach and the appropriate stimulant the compli-
ance of patients suffering from thromboembolism and
receiving platelet activation inhibitors like aspirin and
plavix can be monitored. In addition in syndromes re-
lated to kidney and liver diseases concomitant with
hemorrhage or thrombophilia platelet function testing
might add useful information to targeted therapy.

Cellular Drug Monitoring

Measuring the blood levels of drugs or their me-
tabolites now monitors the dosage of drugs. Neither
the biochemical, pharmacological effects of prescri-
bed drugs nor their effects on targeted cell functions
are so far measured in clinical laboratories, in spite of
the fact that this would be much more specific. There
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Figure 2. In vitro activation of isolated platelets by ADP.
Conditions: 15 minutes incubation at 37 °C, expression
measured by flow cytometry

Table Ill Reference ranges of CD41 (GP IIb) and PAC-1
(GPIIb/llla) expression in isolated platelets.
Conditions: incubation with 10 pmol/L ADP, 15 minutes,
37 °C; measurement by flow cytometry.

Reference Ranges | CD41 CD41 PAC-1 PAC-1
basal | 15 min ADP | basal |15 min ADP

% Increase of MF 100 247-477 100 |1061-2057

Mean fluorescence | 493-802 | 1677-2875 |3.0-9.0 | 53-152
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Figure 3. Cellular targets of immunosuppressive drugs
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are some approaches towards monitoring biological
effects of immunosuppression in organ transplanta-
tion. The cellular targets of the most common immu-
nosuppressive drugs are shown in Figure 3. Cyclospo-
rine A, the most commonly used drug in transplanta-
tion medicine, is a cytokine suppressor by inhibiting
intracellular IL-2 gene transcription and encoding of
IL-3, IL-4, and IFNy in CD4+ T-helper cells thus inhibi-
ting the immunological cellular cascade. In patients
receiving cyclosporine A the percentage of CD4+ T
cells producing IL-2 compared with healthy controls
was significantly reduced and correlated well with the
blood levels of the drug (10). The antimetabolite
mycophenolic acid, a competitive inhibitor of IMP-
dehydrogenase (11) and thus an inhibitor of guanine
nucleotide synthesis, blocks in vitro and in vivo lym-

phocyte proliferation concomitant with reduction of IL-
2 receptor expression on B- and T-lymphocytes
(12-14). These investigations demonstrates that func-
tional effects on the cellular immune system in trans-
plant recipients can be used for clinical monitoring
being much more representative for the individual
condition than the usual trough-levels of immunosup-
pressive drugs.

In summary, investigating cells for genetic fea-
tures, malignant transformation, surface characteris-
tics, metabolic functions and signalling will be future
key elements for diagnosis of diseases. Integrating this
new area into Laboratory Medicine will add new com-
petence and responsibility to Clinical Biochemistry and
Laboratory Medicine.

CELULARNA DIJAGNOSTIKA
Izazov za laboratorijsku medicinu

Mathias M. Miiller

Institute for Laboratory Diagnostics, Kaiser Franz Joseph Hospital, Vienna, Austria

Kratak sadrzaj: lzu¢avanje genetskih osobina, malignih transformacija, povrsinskih karakteristika, metabo-
lickih funkcija i signalnih komunikacija ¢elija ¢e u buduc¢nosti biti klju¢ni elementi za dijagnostikovanje oboljenja.
Integracija ovih novi oblasti u laboratorijsku medicinu e zahtevati nove kompetentnosti i odgovornosti klinicke
biohemije i laboratorijske medicine. Celijska gentika ¢e biti glavna oblast u dijagnostickim laboratorijama za ispi-
tivanje rizika i prognoze oboljenja, a $to je povezano i sa zahtevima za individualizacijom terapije. Uvodenjem
floucitometrije mnogo se objektivnije identifikuju ¢elije imunofenotipizacijom a dodavanjem ove tehnike klasi¢noj
mikroskopiji mnogo se tacnije klasifikuju leukemije. Osim funkcionalnog statusa i porekla Celije krvi ili Celije u
drugim telesnim tecnostima (likvor, asciti) se sada mogu otkriti mnogo jednostavnije. Celijski posredovani imu-
nitet ima veoma znacajnu ulogu u infektivnim oboljenjima i u transplatacionoj medicini. CD4/CD8 odnos T-lim-
focita je vec rutinski test za diferencijaciju izmedu virusne infekcije i krize odbavicanja i pracenje ovih stanja. Osim
dobro poznatih plazma testova danas se pridodaju celijski koagulacioni trombocitni funkcionalni testovu.
Doziranje lekova je moguce pratiti merenjem njihovog nivoa u krvi ili njihovih metabolita. Osim toga ispituju se i
efekti lekova na ciljne Celijske funkcije, sto ¢e u buducnosti biti jos specifi¢nije.

Klju¢ne reci: genetika, hematologija, koagulacija, pra¢enje lekova, floucitometrija

References

1. Shao ZM, Wu J, Shen ZZ, Nguyen M. p53 mutation in
plasma DNA and its prognostic value in breast cancer
patients. Clin Cancer Res 2001; 7: 2222-27.

2. Tilg H, Ceska M, Vogel W, Herold M, Margreiter R,
Huber C. Interleukin-8 serum concentrations after liver
transplantation. Transplantation 1992; 53: 800-03.

3. Tilg H, Nordberg J, Vogel W, Luger TA, Herold M,
Aulitzky WE, Margreiter R, Huber C. Circulating serum
levels of interleukin-6 and CRP-reactive protein after liver
transplantation. Transplantation 1992; 54: 142-46.

4. Kastelan Z, Lukac J, Derezic D, Pasini J, Kusic Z, Sosic
H, Kastelan M. Lymphocyte subsets, lymphocyte reac-
tivity to mitogens, NK cell activity and neutrophil and
monocyte phagocytic functions in patients with bladder
carcinoma. Anticancer Res 2003; 23: 5185-89.

5. Tsegaye A, Wolday D, Otto S, Petros B, Assefa T, Ale-
bachew T, Hailu E, Adugna F, Measho W, Dorigo W,
Fontanet AL, van Baarle D, Miedema F. Immunophe-
notyping of blood lymphocytes at birth, during child-
hood, and during adulthood in HIV-1-uninfected
Ethiopians. Clin Immunol 2003; 109: 338-46.



200

Jugoslov Med Biohem 2004; 23 (3)

6. Carrieri MP, Raffi F, Lewden C, Sobel A, Michelet C,
Cailleton V, Chene G, Leport C, Moatti JP, Spire B.
Impact of early versus late adherence to highly active
antiretroviral therapy on immuno-virological response: a
3-year follow-up study. Antivir Ther 2003; 8: 585-94.

7. Kocher AA, Dockal M, Weigel G, Griesmacher A, Grimm
M, Ehrlich M, Schlechta B, Cartes-Zumelzu F, Zucker-
mann A, Spittler A, Roth E, Heismayr M, Laufer G,
Wolner E. Immune monitoring in cardiac transplant
recipients. Transplant Proc 1997; 29: 2895-98.

8. Golanski J, Pluta J, Baraniak J, Watala C. Limited use-
fulness of the PFA-100 for the monitoring of ADP recep-
tor antagonists-in vitro experience. Clin Chem Lab Med
2004; 42: 25-29.

9. Salama ME, Raman S, Drew MJ, Abdel-Raheem M,
Mahmood MN. Platelet function testing to assess effecti-
veness of platelet transfusion therapy. Transfus Apheresis
Sci 2004; 30: 93-100.

10. Van den Berg AP, Twilhaar WN, Mesander G, van Son
WJ, van der Bij W, Klompmaker 1J, Slooff MJ, The TH,
de Leij LH. Quantitation of immunosuppression by flow

11.

12.

13.

14.

cytometric measurement of the capacity of T cells for
interleukin-2 production. Transplantation 1998; 65:
1066-71.

Griesmacher A, Weigl G, Seebacher G, Muller MM. IMP-
dehydrogenase inhibition in human lymphocytes and
lymphoblasts by mycophenolic acid and mycophenolic
acid glucuronide. Clin Chem 1997; 43: 2312-17.

Heinschink A, Raab M, Daxecker H, Griesmacher A,
Mller MM. In vitro Effects of Mycophenolic Acid on Cell
cycle and Activation of Human Lymphocytes. Clin Chim
Acta 2000; 300: 23-28.

Weigel G, Griesmacher A, Zuckermann A, Laufer A, Mi-
ller MM. Effect of mycophenolate mofetil (MMF) therapy
on inosine monophosphate dehydrogenase induction in
red blood cells of heart transplant recipients. Clin Pharm
Therapeutics 2001; 69: 137-44.

Daxecker H, Raab M, Muller MM. Influence of mycophe-
nolic acid on inosine 5’-monophosphate dehydrogenase
activity in human peripheral blood mononuclear cells.
Clin Chim Acta 2002; 318: 71-77.

Received: April 7, 2004
Accepted: April 23, 2004



