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Flow Cytometry
Flow cytometry is a system in which single cells (or beads) in a fluid
suspension are analyzed in terms of their intrinsic light-scattering
characteristics. The cells are simultaneously evaluated for their extrinsic
properties (i.e., the presence of specific surface or cytoplasmic proteins)
using fluorescent-labeled antibodies or probes. Flow cytometers, originally
developed in the 1960s, did not make their way into the clinical laboratory
until the early 1980s. At that point, physicians started seeing patients with a
new mysterious disease characterized by a decrease in circulating T helper
(Th) cells. Since that time, flow cytometry has been routinely used for
monitoring HIV infection status, as well as immunophenotyping cells, or
identifying their surface and cytoplasmic antigen expression.
Flow cytometers can simultaneously measure multiple cellular or bead
properties by using several different fluorochromes. A fluorochrome, or
fluorescent molecule, is one that absorbs light across a spectrum of
wavelengths and emits light of lower energy across a spectrum of longer
wavelengths. Each fluorochrome has a distinctive spectral pattern of
absorption (excitation) and emission. By using laser light, different
populations of cells or particles can be analyzed and identified on the basis of
their size, shape, and antigenic properties.
Flow cytometry is frequently used in leukemia and lymphoma
characterizations as well as in the identification of immunodeficiency
diseases such as AIDS . Flow cytometry is also used to enumerate hematopoietic stem cells, detect human leukocyte antigen (HLA) antibodies in transplantation, and identify cells undergoing apoptosis.
In addition, flow cytometry has been applied in functional assays for chronic
granulomatous disease (CGD) and leukocyte adhesion deficiency, fetal red
blood cell (RBC) and F-cell identification in maternal blood, and
identification of paroxysmal nocturnal hemoglobinuria (PNH), to give just a
few examples. A significant advantage of flow cytometry is that because the
flow rate of cells within the cytometer is so rapid, thousands of events can be
analyzed in seconds, allowing for the accurate detection of cells that are
present in very small numbers.
Instrumentation
The major components of a flow cytometer include the fluidics, the laser
light source, and the optics and photodetectors. Data analysis and management are performed by computers.
Fluidics
For cellular parameters to be accurately measured in the flow cytometer, it is
crucial that cells pass through the laser light one cell at a time. Cells are
processed into a suspension; the cytometer draws up the cell suspension and
injects the sample inside a carrier stream of isotonic saline (sheath fluid) to
form a laminar flow. The sample stream is constrained by the carrier stream
and is thus hydrodynamically focused so that the cells pass single file
through the intersection of the laser light source (Fig. 1). Each time a cell
passes in front of a laser beam, light is scattered, and the interruption of the
laser signal is recorded.
Laser Light Source
Solid-state diode lasers are typically used as light sources. The wavelength of
monochromatic light emitted by a laser in turn dictates which fluorochromes
can be used in an assay. Not all fluorochromes can be used with all lasers
because each fluorochrome has distinct spectral characteristics. Newer
instruments have up to five lasers—red, blue, violet, ultraviolet (UV), and
yellow-green—each of which produces different colors when exciting a
particular fluorochrome. This allows for as many as 20 fluorochromes, or
colors, to be analyzed in a single tube at one time.
Because of a cell passing through the laser, light is scattered in many
directions. The amount and type of light scatter (LS) can provide valuable
information about a cell’s physical properties. Light at two specific angles is
measured by the flow cytometer: (1) forward scatter (FSC) and (2) side
scatter (SSC), also called right-angle LS. FSC is considered an indicator of
size, whereas the SSC signal is indicative of granularity or the intracellular
complexity of the cell. Thus, these two values can be used to characterize
different cell types based on their inherent properties and are considered
intrinsic parameters. If one looks at a sample of whole blood on a flow
cytometer where all the RBCs have been lysed, the three major populations
of white blood cells (WBCs)—lymphocytes, monocytes, and neutrophils—
can be roughly differentiated from each other based solely on their intrinsic
parameters (FSC and SSC) (Fig. 2).
Unlike FSC and SSC, which represent light-scattering properties that are
intrinsic to the cell, extrinsic parameters require the addition of a fluorescent probe for their detection. Fluorescent-labeled antibodies bound to
the cell can be detected with the laser. By using fluorescent molecules with
various emission wavelengths, laboratory scientists can simultaneously
evaluate an individual cell for several extrinsic properties. The clinical utility
of such multicolor analysis is enhanced when the fluorescent data are
analyzed in conjunction with FSC and SSC to enable more accurate
subtyping. The combination of data allows for characterization of cells
according to size, granularity, DNA and RNA content, antigens, total protein,
and cell surface receptors.
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FIGURE 1 Flow cytometry. Components of a laser-based flow cytometer include the
fluidics system for cell transportation, a laser for cell illumination, photodetectors for signal
detection, and a computer-based data management system. Both forward and 90-degree LS
are measured, indicating cell size and type.
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FIGURE 2 Peripheral blood leukocyte analysis by simultaneous evaluation of forward light
scatter (FSC) and 90-degree LS (SSC). Based on the intrinsic characteristics of size (FSC)
and complexity/granularity (SSC), the three main populations of WBCs (lymphocytes,
monocytes, and neutrophils) can be discriminated into individual populations.
Optics and Photodetectors
The various signals (light scatter and fluorescence) generated by the cells’
interaction with the laser are detected by photodiodes for FSC and by
photomultiplier tubes for fluorescence. The number of fluorochromes capable
of being measured simultaneously depends upon the number of
photomultiplier tubes in the flow cytometer. The specificity of each
photomultiplier tube for a given band length of wavelengths is achieved
through the arrangement of a series of optical filters that are designed to
maximize collection of light derived from a specific fluorochrome while
minimizing interference of light from other fluorochromes. The newer flow
cytometers use fiber-optic cables to direct light to the detectors.
When fluorescence from labeled antibodies bound to cell surfaces reaches
the photomultiplier tubes, it creates an electrical current that is converted into
a voltage pulse. The voltage pulse is then converted into a digital signal using
various methods, depending on the manufacturer. The digital signals are
proportional to the intensity of light detected. The intensity of these
converted signals is measured on a relative scale that is generally set into 1 to
256 channels, from the lowest energy level or pulse to the highest level.
Sample Preparation
Samples commonly used for analysis include whole blood, bone marrow, and
fluid aspirates. Whole blood should be collected into
ethylenediaminetetraacetic acid (EDTA), the anticoagulant of choice for
samples processed within 30 hours of collection. Heparin can also be used for
whole blood and bone marrow and can provide improved stability in samples
for up to 48 hours. Blood should be stored at room temperature (20°C to
25°C) before processing and should be well mixed before being pipetted into
staining tubes. Hemolyzed or clotted specimens should be rejected.
Peripheral blood, bone marrow, and other samples with large numbers of
RBCs require erythrocyte removal to allow for efficient analysis of WBCs.
Historically, density gradient centrifugation with Ficoll-Hypaque (Sigma, St.
Louis, MO) was used to generate a cell suspension enriched for lymphocytes
or lymphoblasts. However, this method results in selective loss of some cell
populations and is time-consuming. Density-gradient centrifugation has
mainly been replaced by erythrocyte lysis techniques, both commercial and
non-commercial. Samples are treated with lysing buffers to destroy the
erythrocytes while leaving the WBCs intact.
Tissue specimens such as lymph nodes should be collected and transported
in tissue culture medium (RPMI 1640) at either room temperature (if analysis
is imminent) or 4°C (if analysis will be delayed). The specimen is then
disaggregated to form a single cell suspension, either by mechanical
dissociation or enzymatic digestion. Mechanical disaggregation, or “teasing,”
is preferred and is accomplished by the use of a scalpel and forceps, a needle
and syringe, or a wire mesh screen. Antibodies are then added to the resulting
cellular preparation and the samples are processed for analysis. The antibodies used are typically monoclonal, each labeled with a different fluorescent tag.
Data Acquisition and Analysis
Once the intrinsic and extrinsic properties of the cells have been collected,
the data are digitized and ready for analysis. Typically 10,000 to 20,000
“events” are collected for each sample. Each parameter can be analyzed
independently or in any combination. Graphics of the data can be represented
in multiple ways. The first level of representation is the single-parameter
histogram, which plots a chosen parameter (generally fluorescence) on the
x-axis versus the number of events on the y-axis; thus, only a single
parameter is analyzed using this type of graph (Fig. 3). The operator can
then set a marker to differentiate cells that have low levels of fluorescence
(negative) from cells that have high levels of fluorescence (positive) for a
particular fluorochrome-labeled antibody. The computer will then calculate
the percentage of “negative” and “positive” events from the total number of
events collected.
The next level of representation is the bivariate histogram, or dualparameter
dot plot, where each dot represents an individual cell or event.
Two parameters, one on each axis, are plotted against each other. Each
parameter to be analyzed is determined by the operator. Using dual-parameter
dot plots, the operator can draw a “gate” around a population of interest and
analyze various extrinsic and intrinsic parameters of the cells contained
within the gated region (Fig. 4). The gate allows the operator to screen
out debris and isolate subpopulations of cells of interest. Gates can be
thought of as a set of filtering rules for analyzing a very large database. The
operator can filter the data in any way and set multiple or sequential filters
(or gates).
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FIGURE 3 Example of a single-parameter flow histogram. The y-axis consists of the number of events. The x-axis is the parameter to be analyzed, which is chosen by the operator; it is usually an extrinsic parameter, such as a fluorescence. The operator can then set a marker to isolate the positive events. The computer will then calculate the percentage of positive events within the designated markers.
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FIGURE 4 A dual-parameter dot plot. Both parameters on the x- and y-axes are chosen by
the operator. In this case, lysed whole blood is analyzed for CD45 (x-axis) and SSC (y-axis).
The operator then draws a “gate” to isolate the population of interest (e.g., granulocytes) for
further analysis.
When analyzing a population of cells using a dual-parameter dot plot, the
operator chooses which parameters to analyze on both the x- and y-axes,
divides the dot plot into four quadrants, and separates the positive events
from the negative events in each axis (Fig. 5). Quadrant 1 consists of
cells that are positive for fluorescence on the y-axis and negative for
fluorescence on the x-axis. Quadrant 2 consists of cells that are positive for
fluorescence on both the x- and y-axes. Quadrant 3 consists of cells that are
negative for fluorescence on both the x- and y-axes. Quadrant 4 consists of
cells that are positive for fluorescence on the x-axis and negative for
fluorescence on the y-axis. The computer and specialized software will
calculate the percentage of cells in each quadrant based on the total number
of events counted.
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FIGURE 5 Quadrant analysis of a dual-parameter dot plot. The operator chooses which
parameters to analyze on each axis. (A) On each axis, there are fluorescence positive and
fluorescence negative cells. (B) Example of a dual-parameter dot plot to identify CD4+ T cells:
CD3 on the x-axis and CD4 on the y-axis. The cells in quadrant 2 that are positive for both
CD3 and CD4 are true CD4+ T cells.
A gate can be drawn around a population of cells based on their FSC
versus SSC characteristics, and the extrinsic characteristics of the gated
population can then be analyzed. For example, lymphocytes can be gated,
after which the T-cell subpopulations (CD3+, CD4+ or CD3+, CD8+) and B
cells (CD38+, CD3–) can be analyzed (Fig. 6). The absolute count of a
particular cell type—for instance, CD4+ T lymphocytes—can be obtained by
multiplying the absolute cell count of the population of interest (e.g.,
lymphocytes) derived by a hematology analyzer by the percentage of the
fluorescent-positive cells in the sample CD3+, CD4+ lymphocytes. This
method is considered a dual-platform analysis. The disadvantage to this type
of analysis is that it has a greater potential for added error associated with the
use of two distinct methods to derive the absolute count. The single platform
is now the method of choice to eliminate this type of error. Single platforms
can be achieved by two types of methods: bead-based or volumetric. In the
bead-based method, a known quantity of fluorescent beads is added to the
flow cytometry tubes, and a simple mathematic calculation allows the
absolute WBC numbers to be directly determined from the individual flow
cytometry tubes. In the volumetric method, the precise volume of the sample
can be used to calculate the absolute number of events.
Detailed phenotypic analysis can determine the lineage and clonality, as
well as the degree of differentiation and activation, of a specific cell
population. This information is useful for differential diagnosis or
clarification of closely related lymphoproliferative disorders.
Immunophenotyping requires careful selection of combinations of
individual markers based on a given cell lineage and maturation stage.
Attempts to standardize individual marker panels, especially by European
laboratory groups, are ongoing; however, the markers selected for inclusion
in testing panels vary from institution to institution.
Clinical Applications
Routine applications of flow cytometry in the clinical laboratory can be
divided into two categories: nonmalignant immunophenotyping and
malignant immunophenotyping. Nonmalignant immunophenotyping includes
the characterization and enumeration of normal lymphocytes, such as CD4+
T cells and CD34+ stem cells. Malignant immunophenotyping refers to
immunophenotypic characterization of leukemias, lymphomas, and other
hematopoietic disorders.
Immunophenotyping by flow cytometry has become an important
component of initial evaluation and subsequent post-therapeutic monitoring
in leukemia and lymphoma management. Flow cytometric findings have
been incorporated into current leukemia and lymphoma classifications,
beginning with the Revised European-American Lymphoma (REAL)
classification in 1994 and, more recently, in the World Health Organization
(WHO) classifications. One of the most important components of flow
cytometric analysis is the stratification of hematopoietic malignancies by
their lineage (i.e., B cell, T cell, or myeloid) and degree of differentiation.
Some of the more common cell-differentiation antigens are listed in Table
13–1.

[image: ]
FIGURE 6 Gating strategy to analyze lymphocyte subsets in a sample of whole blood.
Whole blood is incubated with fluorescent-labeled antibodies specific for CD3, CD4, CD8, and
HLA-DR. The sample is washed, RBCs are lysed, and the sample is analyzed on the flow
cytometer. To analyze using gating strategies, the sample is first plotted using FSC versus
SSC. (A) A gate, or region, is drawn around the lymphocyte population. (B) On the
subsequent plots of fluorescent markers, only the lymphocyte population is analyzed. The dot
plot is divided into four quadrants to isolate positive from negative populations. The computer
calculates the percentage of positive cells in each quadrant. The three flow contour plots are
analyzing two different cell surface markers. In the first dot plot, quadrant 2 (upper right)
identifies CD4+ CD3+ T-helper-cell lymphocytes. Quadrant 3 (lower left) includes B
lymphocytes and natural killer (NK) cells. Quadrant 4 (lower right) identifies CD3+ CD4– T-cell
lymphocytes. In the second dot plot, quadrant 1 (upper left) identifies low-intensity CD8+
CD3– NK cells. Quadrant 2 identifies CD3+ CD8+ T-cytotoxic lymphocytes. Quadrant 3
contains any lymphocyte that is not CD8+, CD3+ (B-cell lymphocytes). Quadrant 4 contains
CD3+ CD8– T helper cell lymphocytes. In the third contour plot, quadrant 1 identifies CD38+
CD3– B cells, quadrant 2 identifies CD38+ CD3+ activated T cells, quadrant 3 contains
CD38– CD3– cells, and quadrant 4 identifies CD3+ CD38– T cells, not activated.
Knowing the unique characteristics of leukemias and lymphomas and
pairing the specific markers that identify these characteristics can be useful in
making a more reliable diagnosis. For example, in chronic lymphocytic
leukemia (CLL), typically CD5 (a T-cell lymphocyte marker) is paired with
CD20 (a B-cell lymphocyte marker) for analysis. The presence of a
significant number of cells that are both CD5+ and CD20+ is an indication of
CLL or mantle cell lymphoma. Common marker combinations are shown in
Table 13–2.
CD45 is a pan-leukocyte marker present on all WBCs but with varying
levels of expression based on the cell’s maturity as well as lineage. This
variance in expression results in different levels of fluorescence. Blasts
express lower levels of CD45 (low fluorescence) but show an increase of
CD45 expression as the cell matures; therefore, mature WBCs have much
brighter CD45 fluorescence compared with their earlier progenitor stages.
The analysis of CD45 expression levels is useful in differentiating various
populations of WBCs and, in combination with SSC, has replaced gating by
FSC and SSC in many laboratories. However, it is always a good idea to
examine the FSC and SSC plot to be sure a population is not being missed.
Immunophenotyping of WBC populations is also essential when an
immunodeficiency is suspected. Patient values are compared with reference
ranges established by the clinical laboratory performing the testing. Typical
ranges for B cells, T-cell subsets, and natural killer (NK) cells are listed in
Table 13–3.
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Flow cytometry is essential to the evaluation of immunodeficiency
resulting from infection with HIV, which can lead to AIDS. Enumeration of
peripheral blood CD4+ T cells in HIV-infected patients by the flow
cytometry laboratory is used to classify stages of HIV disease and determine
treatment options. HIV type 1 (HIV-1) infections cause a rapid, profound decrease in CD4+ T-cell numbers and an expansion of CD8+T-cell levels during the early course of the illness (12 to 18 months). Some individuals continue to rapidly lose CD4+ T cells and progress to AIDS,whereas others maintain relatively stable CD4+ T-cell counts and remain AIDS-free for years. During the chronic phase of HIV-1 disease, there can be a slow decline in CD4+ T cells throughout many years because of available therapies and maintenance of homeostatic mechanisms in the patient. If these mechanisms fail, further declines in CD4+ T and CD8+ T cells occur, leading to the development of AIDS.
Flow cytometry is also the method of choice for the diagnosis of several
inherited immunodeficiency diseases such as Bruton’s tyrosine kinase
deficiency, which is characterized by a lack of circulating mature B cells
(CD19+). Another example is chronic granulomatous disease, an X-linked or
autosomal recessive disease in which neutrophils are defective in their
oxidative burst. In this case, neutrophils are exposed to the dye
dihydrorhodamine 123, which is not fluorescent until oxidized. When normal
neutrophils are stimulated in vitro, the dye is oxidized and becomes intensely
fluorescent. Neutrophils from patients with CGD are unable to oxidize the
dye and do not become fluorescent after stimulation.
Another example is paroxysmal nocturnal hemoglobinuria (PNH), an
inherited disease characterized by hemolytic anemia. The RBCs, neutrophils,
monocytes, and other cells of patients with PNH lack the
glycosylphosphatidylinositol (GPI) anchors by which many surface proteins
are attached to the cell membrane. Therefore, the RBCs are fragile.
Hemolysis occurs during pH changes in the blood, typically at night. Several
flow cytometry tests are available to detect this defect. One test looks for the
antigens that use the GPI anchor because these antigens will be missing or
reduced in patients with PNH. Another test detects the GPI anchor itself by
its ability to bind to fluorescent aerolysin (FLAER). Normal granulocytes and
monocytes will be fluorescent because they possess the anchor, whereas the
fluorescence in PNH cells missing the anchor will be reduced or absent.
Immunophenotyping has also become an essential test in the diagnosis and
monitoring of patients with leukemias and lymphomas .
Finding a small number of abnormal cells in a particular cell population can
be easily accomplished by flow cytometry. Patients who have been treated
for leukemia or lymphoma can be monitored for “minimal residual disease”
(MRD) because statistically significant rare cell events can be easily
detected. Likewise, in the case of a fetal-maternal hemorrhage, using flow
cytometry to detect hemoglobin F-positive cells is much more sensitive than
the traditional Kleihauer–Betke method.
Additional examples of flow cytometry use include the determination of
DNA content or ploidy status of tumor cells. This analysis can provide
physicians with important prognostic information. Ploidy analysis is also
useful in examining products of conception for molar pregnancies.
Flow cytometry also has applications in transplant immunology. HLA
typing and cross-matching for solid-organ transplantation can be performed
by flow cytometry much faster and more accurately than other serological
methods .
Finally, other important uses for flow technology in clinical diagnosis
involve cytometric bead arrays. In this technology, beads of various sizes and
different fluorescent levels are used to identify multiple analytes at the same
time. Theoretically, this technology has the potential to detect 100 analytes
from a single blood sample.
For example, in testing for anti-nuclear antibodies, different colored beads
can be coated with different nuclear antigens. Patient serum is then added,
followed by fluorescent anti-IgG. If the patient has a particular anti-nuclear
antibody, the respective bead will fluoresce and can be identified and
quantitated . Similarly, molecular techniques such as polymerase chain reaction (PCR) and hybridization can be performed on cytometric beads to detect viral nucleic acids and various genetic mutations
Flow cytometry relies on the use of fluorescent-labeled monoclonal and
polyclonal antibodies. Monoclonal antibodies are preferable to polyclonal
[bookmark: _GoBack]antibodies for immunophenotyping. The commercial availability of monoclonal antibody reagents has contributed greatly to the accuracy of flow cytometry and has widened its use.
Connections
23

image4.emf

image5.emf

image6.emf

image7.jpeg
Surface Markers on Leukocytes

cD2 Thymocytes, T cells, NK cells  Involved in T-cell activation
cD3 Thymocytes, T cells Associated with T-cell antigen receptor; role
in TCR signal transduction
cD4 T helper cells, monocytes,  Co-receptor for class Il MHC; receptor for
macrophages HIV
cDs Mature T cells, thymocytes,  Positive or negative modulation of T- and B~
subset of B cells (B1 cells)  cell receptor signaling
co7 T cells, thymocytes, NK cells,  Regulates peripheral T-cell and NK cell
pre-B cells cytokine production
cDs Thymocyte subsets, cytotoxic  Co-receptor for class | MHC
T cells
cD10 Bone marrow stromal cells  Protease; marker for pre-B cells; CALLA
cD1ib Myeloid and NK cells aM subunit of integrin CR3, binds
complement component iC3b, myeloid cell
adhesion
cp13 Myelomonacytic cells Zinc metalloproteinase
cD14 Monocytic cells Lipopolysaccharide receptor
cD15 Neutrophils, eosinophils, Terminal trisaccharide expressed on





image8.jpeg
cDi5

Neutrophils, eosinophils,
monocytes

Terminal trisaccharide expressed on
glycolpids

cDi6 Macrophages, NK cels, Low-affinity Fc receptor, mediates
neutrophils ‘phagocytosis and ADCC
coig B cells, follicular dendritic cells Part of B-cell co-receptor, signal transduction
‘molecule that reguiates B-cell development
and activation
cp20 B cells, T-cell subsets Binding activates signaling pathways,
regulates B-cell activation
co21 B cells, follcular denditc cells, Receptor for complement component C3d;
subset of immature part of B-cell co-receptor with CD19.
thymocytes
cp2 B cells, B-ALL (surface and  Involved in Bcell adhesion and B-cel
cytoplasmic), B-CLL, HCL,  signaling
PLL
coz B cells, monocytes, follicular  Regulation of IgE synthesis; triggers release
denditc cells of IL-1, 1L-6, and GM-CSF from monocytes
cD25 Activated T cells, B cels, Receptor for IL-2
monocytes
cD33 Myeloid cell, monocytes, Cell adhesion and signaling; receptor that

macrophages, granulocytes
(weak), myeloid-Pro, mysioid
leukeria, AML

inhibits prolferation of myeloid cells




image9.jpeg
CD34

Hematopoietic progenitor cells, Cell adhesion, hematopoiesis.

endothelial cels, immature
leukemias

co38 Plasma cells, thymocytes, NK Regulates cell adhesion, activation, and
cells, early B lymphocytes,  proliferation
monocytes, multiple
myeloma, ALL acute
myeloblastic leukemia
ca4 Most leukocytes ‘Adhesion molecule mediating homing to
peripheral lymphoid organs
cDd5 Al hematopoletic cells Tyrosine phosphatase, augments signaling
CcDs6 NK cells, subsets of T cells,  Cell adhesion
neural fissue
cos7 NK cells, subsets of T cells  NK cell subsets, T-cell subsets, small cell
lung carcinoma
cD4 NK cells, subsets of T cells  Subunit of NKG2-A complex involved in
inhitition of NK cell cytotoxicity
coios Intraepithelial lymphocytes,  Ligand for E-cadherin, an adhesion molecule
HCL, adult T-cell leukemia _on epithelial cells
cD138 Plasma cells, pre-B cells,  Transmembrane proteoglycans that play a
epithelial cells, neural cells,  role in cell adhesion, migration, and
breast cancer cells proliferation
HLADR  Blymphocytes, activated T T-cell activation
lymphocyles, monocytes;
lack of expression is
diagnostic of M3 myeloid
leukemia
FoM7 B-cell subset, mantile Invitro response to antigens or mitogens
lymphoma
Kappa B cells Light-chain part of antibody molecule on B
chains cells

e

R

s T




image10.jpeg
Common Markers Used for Lymphoproliferative and
St I Fl

Ghroric FMCT with GD23 FMCT negative and GD23 positiven GLL,
ymphocyfic GD23 negative and FMCT posiive in
leukemia (GLL) manfle cell ymphoma
and

D5 with CD20 When a cell i both CDS positive and CD20
prolymehocyic positne: charaeterstc o CLL and wel-
dierentiated lymphocylic ymphoma
(WDLL), as well as manti cell lymphoma
CD19 with kappa GD19 positive with oy one light chain
CD19 wih lambda (kappa or lambda) s expressed in ow
D45 with CD14 intensiy; occasionally light chains are not
(anti-glycophorin added to _detected
bone marrows) (GDA5 fuorescence s brghtly expressed and
CD14 negaiive
Used to defermine enyhroid component of
the specmen

Hairy coll D3 with CD23 GD3 negative and CD23 negative

Jeokemia (HCL) CD11cwith CD22 Brighty expressed GD11c and CD2, uniike
GD20 with CD5 L
CD18 with kappa GD20 positive and GDS negative
CD103 with CD25 (occasionally weak expression of CD5)
GD19 posilive with one monoclonal ight
chain expressed

CD1031s highly specific for HCL, and CD25
s usually expressed: hairy cell variants.
may be negative for these two markers

CD21 with HLADR CD21 negative and DR positive
CD45 with CD14. CD45 is brightly expressed and CD14




image11.jpeg
Bcell CD3 with HLADR D3 (T-cell receptor) negative and HLA-DR
acute CD5 with CD20 positive
fymphocytic CD5 negative and CD20 variably positive.
leukenia (ALL) (low intensity or negative on precursor B-
cell ALL, positive on more mature B-cell
ALl
CD19 with kappa CD19 positive (stem cell i negative) and
CD19 with lambda surface Ig negative (a mature B-cell ALL
CD34with CD38 ‘may have surface immunogiobulin)
CD34 positive ALL correlates with good
prognosis in pediatic patients and poor
prognosis in adults; CD38 is positive from
stem cellto pre-B AL
TdT with CD10 TdT and CD10 (CALLA) positive in common
ALL and pre-B ALL; CD10 positivty is
associated with favorable complete
treatment response and disease-free
sunvival; CD10 is usually high intensity
TdT with CD33 D33 negative; however, very early B-ALL
CD45 with CD14 may be positive
(anti-giycophorin added toCD45 dimly expressed and CD14 negative
‘bone marrows) Used to determine erythroid component of
the specimen
e FaTh wol R P N




image12.jpeg
Myeloma CD3 with HLADR D3 negative; most are HLA-DR negative,
plasmacytoid although some early plasmacytoid cells
feckenia or may be DR posiive
ymphoma s yith CD20 CD5 and CD20 negative

CD19 vith kappa CD19 and surface Ig negative; occasionally
CD19 with lambda ‘surface Ig s posiive; cytoplasmic lg
CD45 with CD38 posive.
D40 with D56 CD45 negative orlow intensity; CD38 is high-
intensiy positve
Usually CDA0 posive; CDS6 has been
reported to be positive on myeloma cells
but negative on normal plasma cells
co1o CD10 posity indicates poor prognosis
cpizs Syndecan-1 positve in mature plasma cells
CD45 vith CD14 CD14 negative

Teellacute  CDiawithCD3 CDta positity associated with longer
ymphoblastc disease free surival in adult Tcall ALL:
leukemia (ALL) CD3 i negalive in 99% of cases (exception

is mature medullary thymocyte T-cell ALL)
D2 with CD25 CD2 variably expressed and CD25 negalive
CD38 with CD7 CD38 and CD7 are posive
CD4 with CD8 CDA and CDB variabl expressed depending

‘on maturty, dual expression s common
CD5 with CD20 CDS posiive except for prothymocyte stage
CD45 with CD14 T-cell ALL. CD20 negative
HLADRWINCD34  CD45 posiive and CD14 negative

DR positive T-cell ALL associated with a

worse prognosis; CD34 i pediatic pafients

associated with CNS involvement and poor

prognosis and predicts myeloid expression
TdT with CD10. TdT is positive; CD10 positive T-cell ALL




image13.jpeg
CD19 and kappa

CD19 with lambda

(anti-glycophorin added to
bone marrows)

associated with prolonged disease-free
survival

Negative

Negative

To detemine erythroid component to the
specimen

Postthymic - CD1awith CD3 CD1a negative, CD3 positive; note:
cell leukemia or peripheral T-cell lymphormas lack 1 or more:
lymphoma pan—T-cell antigens (CD3, CD2, CD5, or

CD7) 75% of the time

Peripheral T-cell CD2 with CD25 CD2 positive; CD25 positive in adult T-cell
leukenia leukemias and some peripheral T-cell

lymphomas

Adult T-cell CD5 with CD7 CD5 positve; CD7 positive exceptin adult T-
leukeria CD4 with CDB cellleukemia

CD19 with kappa Variable expression
CD19 with lambda Negative
CD45 with CD14 Negative
TdT with CD10 D45 positive and CD 14 negative
(antiglycophorin added to Negative
bone marrows) To detemine erythroid component of the
‘specimen

Ty profferative  CD2 with CD57 NKike T-cell lymphoma tends to be CD56
disease (NK- positive, CDS7 negative and is usually
ke T-cel clinically aggressive; NK cell leukemias
leukenia) tend to be CD56 or CD16 positive, CD5T

NK-ike T-cell negative and are usually ciincally
lymphoma aggressive; Ty prolferative disease is

NK cellleukemia

CD3 with CD56, CD16

D56 negative, CDS positive and extibits
a chronic indolent course; CD2 s usually
positive for al, but there are variants

Surface CD3 is positive in Ty proliferative




image14.jpeg
CD'Hcwith CD11b Usually positive

CD4 with CD8 Usually CD8 positive, CD4 negative:
however, dual staining and CD4 positivity
have been reported

co1g Negative
CD45 with CD14 CD45 positive and CD14 negative
Acute CD1icwith CD11b CD11c positive on mature myeloid cells;
‘myelogenous CD11b positive on myelomonocytic cells,
leukenia eosinophilic myelocytes, eosinophils, and
(AML)

neutrophils; differentiated AML usually
expresses mature markers

CD13 with CD15 Poorly differentiated AML usually lacks
CDI5, CD11c, CD11b, but positive for
€13

CD33 with TdT. CD33in the absence of CD34, HLA-DR, or

CD13 suggests immature acute basophilic
or mast cel leukemia; TdT is often
expressed in low intensity in poorly
differentiated AML

CD14 with CDB4 CD14 on early promonocytes to mature
‘monocytes; high expression of CD14 and
CD11b predicis poor outcome: CD64 on
immature and mature monocytes
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CD3 with CD7 D3 negative; some immature AML.

CD19 with kappa expresses CD7
CD19 with lambda GD19 occasionally expressed on some
D34 with HLADR primitive AML

Surface Ig negative

Poory differentiated AML often expresses
CD34; high-intensity CD34 has worse
prognosis; CD34 coexpressed with HLA-
DR has worse prognosis; lack of HLADR
indicates either APL or very immature AML

CD10 with TdT CD10 s present on neutrophils

(antiglycophorin added to To determine erythroid component present in
bone marrows) the specimen

MPO with CD117

Myeloperoxidase (MPO) s found on fairly
mature AMLs, whereas CD117 is a myeloid
blast marker

ADGG = antibody-dependent cell cytotoxicity; GALLA = common acute ymphoblastic
leukemia antigen; Fc = fragment crystallizable; GM-CSF = granulocyte-macrophage colony-
stimuating factor; IgE = immunoglobulin E: MHG = major histocompatibity class: NK =
natural killer, TCR = CD3- aB receptor complex; TdT = teminal deoxynucleotidyl
transferase.





image16.jpeg
s

MARKER
cig.

co3

cD4

cos
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CELL
POPULATION
B lymphocytes
Total Tlymphocytes
Helper T cells™
Cytotoric T cells™*
NKcals

eference Ranges for Lymphocyte Populations in

ABSOLUTE
NUMBER OF

% OF TOTAL LYMPHOCYTES

LYMPHOCYTES (CELLS/£L)

623 91610

6287 5702400

3264 430-1,800

1545 210-1.200

425 78470

“Reference valuies vary by age and testing laboratory. Values in table were obtained from

ARUP Laboratories for individuals aged 16 to 64 years

(htto/1td aruplab

com/Tests/Pub/0095892).

“*The ARUP reference range for the ratio of hejper T to cytotoxic T cells (CD4:CDB) for

persons 16 fo 64

years is 0.80 o 3.90.
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