Figure 11. Gating strategy for lymphocyte gate used in
blood concentration calculations. To ensure proper
calculations of blood dendritic cell concentrations, a
lymphocyte gate including B cells was used.

The blood monocyte enumeration was performed by a leukocyte gate (P1 region) and a monocyte gate (P2
region), both defined in the FSC/SSC plot, see Figure 12. The three subtypes of monocytes were found by
changing the parameters of the P2 region to a FITC/PE plot, allowing division of the cells according to CD14
and CD16 expression. An acquisition threshold was set, and acquisition was performed until 10,000 evens
or more were acquired in the P2 region.

Figure 12. The gating strategy of blood monocyte subtype analysis. Left plot: Monocyte gate (P2) defined by
FSC/SSC plot. Right plot: Nonclassical (Q1), intermediate (Q2) and classical monocytes (Q4) were found by their
expression of CD14 and CD16 in a CD14 FITC/CD16 PE plot. Plots acquired from FACSDiva™ Software.

For investigation of monocytes in urine samples the first gate (P1) was set on CD45 positive cells in a
FSC/CD45 plot (possible with the third approach of urine cell sample preparation). Subsequently, the
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monocyte population was identified (P2) in a FSC/SSC plot of the P1 region. In cases of low numbers of cells
in the P1 region monocytes could not be defined. Provided that the samples were prepared without the
addition of CD45 (second approach) the P2 monocyte gate was made from the FSC/SSC plot directly, see

Figure 13.

Figure 13. The gating strategy of urine monocyte analysis. Monocyte population (right picture) was
located in a FSC/SSC plot (left picture) when samples was prepared by the second approach. Plots

acquired from FlowJo™ software.

The populations from the flow cytometric analysis (dendritic cells and monocytes in whole blood and
monocytes in urine) allowed analysis of their expression of HLA-DR and TLR4. Histogram overlays of APC-
Cy-7and PE-Cy7, respectively, was made (see Figure 14 and Figure 15), and the difference between median
fluorescence intensity for antibody and its isotype control was calculated.

Figure 14. Histogram overlay of APC-Cy7 fluorescence
intensity of monocytes stained with the monocyte
antibody cocktail (orange curve) and monocytes
stained with the isotype cocktail (blue curve). Y-axis:
percent of total monocyte count in the sample. Data
from control subject 1, day 21, FlowJo™ software.

Figure 15. Histogram overlay of PE-Cy7 fluorescence
intensity of monocytes stained with the monocyte
antibody cocktail (orange curve) and monocytes
stained with the isotype cocktail (blue curve). Y-axis:
percent of total monocyte count in the sample. Data
from control subject 1, day 21, FlowJo™ software.
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Absolute Leucocyte Differential Counts
White blood cell differential counts were performed at The Department of Urology, Aalborg Hospital.
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Results

Absolute Leucocyte Counts by Flow Cytometry and Absolute Leucocyte

Differential Counts

One of the main objectives of the present study was to quantitate subpopulations of dendritic cells and
monocytes in the blood of IgAN patients and control subjects. In addition to the relative quantity of these
cell types, provided by standard flow cytometry, it was also an aim to determine the exact number of each
cell type per ml of blood. For this purpose, a defined volume of blood was added to a tube containing a
known number of BD TruCount™ beads prior to analysis. However, the use of BD TruCount™ beads to
obtain absolute leucocyte counts was not successful. The problem was that normal, well defined
populations of leucocytes could not be identified in FSC/SSC dotplots when using the BD TruCount™ tubes.
Assuming this could be due to a problem with the lysing of erythrocytes, two different lysing solutions were
tried, but this did not solve the problem, see Figure 16.

Figure 16. FSC/SSC plots of BD TruCount™ tubes. A. Red blood cells lysed with ACK lysing buffer. B. Red blood
cells lysed with BD FACS Lysing Solution recommended by the manufacturer of the TruCount™ tubes. Graphs
are generated from Flowlo™ software.

As an alternative, absolute differential cell counts of patient samples were provided by the Department of
Urology, Aalborg Hospital (see Table 5), and percent wise distribution within parent gate, the concentration
of monocyte and dendritic cell subpopulations in whole blood was calculated (see Table 6).
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Patient 1 Patient 2
Visit | Leucocyte Lymphocyte Monocyte Visit | Leucocyte count | Lymphocyte Monocyte
no. count (x10°/L) | count (x10°/L) | count (x10°/L) no. (x10°/L) count (x10°/L) count (x10°/L)
1 5.9 1,91 0,44 1 5.9 1,19 0,24
2 7.8 2,54 0,52 2 6.8 1,51 0,1
3 6.2 2,57 0,42 3 8.6 3,08 0,17
4 8.2 3,37 0,63 - - - -

Table 5. Absolute leucocyte differential counts (leucocytes, lymphocytes and monocytes) provided for the each visit of the two
patients.

Subject CDic’ DC CD303" DC cD141" DC Non-classical Intermediate mo. | Classical mo.
Visit no. (x1077/L) (x1077/L) (x1077/L) mo. (x10A7/L) | (x10A7/L) (x1077/L)
Patient 1 3,262 0,302 0,013 2,455 4,302 35,786
Visit 1

Patient 1 3,985 0,109 0,023 2,170 6,621 41,645
Visit 2

Patient 1 5,996 0,149 0,008 2,194 1,434 37,249
Visit 3

Patient 1 6,558 0,192 0,007 4,436 1,928 51,271
Visit 4

Patient 2 3,739 0,048 0,007 0,157 2,303 20,370
Visit 1

Patient 2 3,532 0,068 0,003 0,159 0,547 8,948
Visit 2

Table 6. The calculated concentrations of dendritic cell and monocyte subtypes in whole blood from patient 1 and patient2.
Concentrations are calculated from the values of the absolute leucocyte differentiation count and the values of distribution
within the parent gate (lymphocyte gate with B-cells included and monocyte gate, respectively).
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The absolute leucocyte differential count showed the concentration of leucocytes, lymphocytes, and

monocytes in blood of the patients. Graph 1 illustrates the blood concentration of leucocytes. Patient 1 had

an increase in leucocyte blood concentration at the time of the second measurement, then the

concentration decreased at third measurement. Both patients had an increase in leucocyte blood
concentration towards the end of the period. The greatest difference between patients was seen at day 21.
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Graph 1. Blood leucocyte counts of the two patients (absolute leucocyte
differential count). Data only available for the time points indicated by symbols.
Dashed lines connect the symbols of each patient for the sake of clarity, only.

The blood lymphocyte concentration was higher in patient 1 compared to patient 2, see Graph 2.
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Graph 2. Blood lymphocyte counts of the two patients (absolute leucocyte
differential count). Data only available for the time points indicated by symbols.
Dashed lines connect the symbols of each patient for the sake of clarity, only.
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The blood concentration of monocytes was low in patient 1, see Graph 3. The monocyte concentration of
patient 1 decreased between the first and the last measurement. The lowest value was seen at the second
measurement. Patient 2 showed an overall increase in the concentration of blood monocytes during the
period. At the third day of testing the lowest value was seen.
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Graph 3. Blood monocyte counts of the two patients (absolute leucocyte
differential count). Data only available for the time points indicated by symbols.
Dashed lines connect the symbols of each patient for the sake of clarity, only.

Blood concentrations of non-classical, intermediate, and classical monocytes of patient 1 was all higher
than those of patient 2 in all the days of testing (see Graph 4 to Graph 6). The non-classical monocyte blood
concentration was increased in both patients at the time of the final test with the greatest increase seen
for patient 1. Until day 36 the values were rather stable in both patients.

In patient 1 a decrease in intermediate monocyte concentration occurred at day 36 compared to the value
of day 21. Patient 2 also had a lower value of day 36 compared to day 21. The difference between patients
was greatest at day 21, and smallest at day 36, see graph 5.
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Graph 4. Blood concentration of non-classical monocytes of  Graph 5. Blood concentration of intermediate monocytes
the two patients. Data only available for the time points of the two patients. Data only available for the time points
indicated by symbols. Dashed lines connect the symbols of indicated by symbols. Dashed lines connect the symbols of
each patient for the sake of clarity, only. each patient for the sake of clarity, only.

As seen in Graph 6, the concentration of classical monocytes of patient was elevated compared to patient
2. The development of concentrations of patient 2 was similar to that of the intermediate monocytes.
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Graph 6. Blood concentration of classical monocytes of the two
patients. Data only available for the time points indicated by
symbols. Dashed lines connect the symbols of each patient for
the sake of clarity, only.
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Dendritic cell subset concentrations of blood are illustrated in Graph 7 to Graph 9. As seen with the
monocyte subpopulations, the values of CD303" and CD141" subpopulationss in patient 1 were higher than
those of patient 2. The number of CD303" dendritic cells was at day 1 of patient 1 compared to the values
of the rest of the tests and of patient 2, see Graph 7.

Regarding the concentration of CD1c" dendritic cells the values of the two patients did not differ much,
except for an elevated value of patient 2, day 68, in comparison with the rest of the concentrations of both

patients, see Graph 8.
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Graph 7. Blood concentration of CD303" dendritic cells of the
two patients. Data only available for the time points
indicated by symbols. Dashed lines connect the symbols of

each patient for the sake of clarity, only.
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Graph 8. Blood concentration of CD1c" dendritic cells of the

Data only available for the time points
ymbols. Dashed lines connect the symbols of

each patient for the sake of clarity, only.

The concentration of CD141" dendritic cells differed only little within the measurements of patient 2.
Patient 1, however, showed a concentration that differed in a larger scale between measurements, see

Graph 9.
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Dendritic Cell Subset Enumeration in Whole Blood
The populations and gating of dendritic cells are illustrated in Figure 17 in which the data from one
representative sample is shown. The corresponding plots obtained from the same sample with isotype

controls are shown in Figure 18.

Figure 17. Populations and gates of the dendritic cell subset
enumeration. P1: Leucocyte gate. P2: Lymphocyte gate. P3: cbic’
dendritic cell gate. P4: CD303" dendritic cell gate. P5: CD141"
dendritic cell gate. Data from one representative sample is shown.
Plots are generated from FACSDiva™ software.

Figure 18. Populations and gates of the dendritic cell subset
enumeration of the isotype control sample. P1: Leucocyte gate. P2:
Lymphocyte gate. P3: CD1c" dendritic cell gate. P4: CD303" dendritic cell
gate. P5: CD141" dendritic cell gate. Data from one representative
sample is shown. Plots are generated from FACSDiva'™ software.
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Distribution of CD1c+, CD303+ and CD141+ Dendritic Cells

Dendritic cell subpopulation distribution can be seen in Graph 10 to Graph 13. The graphs illustrate mean
distribution of dendritic cell subpopulations for each subject. In general, the distribution of dendritic cells
was as follows; CD141" dendritic cells represented as the smallest subpopulation followed by CDi1c*
dendritic cells. The CD303" dendritic cells comprised the largest subpopulation. The exception was seen in

patient 1 with a slightly higher percentage of CD1c" dendritic cells than CD303" dendritic cells.

Patient 1

m CD1c+ DC mCD303+DC m(CD141DC

0,642 %

0,619 %

Patient 2

mCDlc+ DC mCD303+DC mCD141DC
0,618 %

0,421 %

0,034 %

Graph 10. Mean distribution of dendritic cell subtypes in
patient 1. The numbers indicate mean percent of leucocyte
gate. Standard deviation between the days of testing is
shown. DC: dendritic cell.

Graph 11. Mean distribution of dendritic cell subtypes in
patient 2. The numbers indicate mean percent of leucocyte
gate. Standard deviation between the days of testing is
shown. DC: dendritic cell.
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0,728 %

0,035 %
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Graph 12. Mean distribution of dendritic cell subtypes in
control subject 1. The numbers indicate mean percent of
leucocyte gate. Standard deviation between the days of
testing is shown. DC: dendritic cell.
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Graph 13. Mean distribution of dendritic cell subtypes in
control subject 2. The numbers indicate mean percent of
leucocyte gate. Standard deviation between the days of
testing is shown. DC: dendritic cell.



Dendritic Cell Subclass Distribution over Time

The development in distribution of the dendritic cell subpopulations in the experimental period is shown in
Graph 14 to Graph 19. Between patients there was a difference of approximately 0.4 percentage points in
the size of CD1c" subpopulation up to day 36, see Graph 14. At the last day of testing, the subpopulation
was rather similar in the two patients. Samples from the two control subjects differed less by a maximum of

approximately 0.2 percentage points regarding the CD1c subpopulation, see graph 15. Patient 1 seemed to

reach the highest value compared to patient 2, and control subject 1 and 2 during the period of testing.
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Graph 14. Distribution of CD1c’ dendritic cells in patients.
Data only available for the time points indicated by symbols.
Dashed lines connect the symbols of each patient for the sake
of clarity, only.

Graph 15. Distribution of CD1c’ dendritic cells in control
subjects. Data only available for the time points indicated by
symbols. Dashed lines connect the symbols of each control
subject for the sake of clarity, only.

The CD303" subtype was, as mentioned, the largest of the dendritic cell subtypes. Between all subjects the
values differed by approximately 0.4 percentage points (see Graph 16 and Graph 17), and the greatest

change during the period of testing was seen in control subject 1.
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Graph 16. Distribution of CD303" dendritic cells in patients.
Data only available for the time points indicated by symbols.
Dashed lines connect the symbols of each patient for the sake
of clarity, only.

Graph 17. Distribution of CD303" dendritic cells in control
subjects. Data only available for the time points indicated by
symbols. Dashed lines connect the symbols of each control
subject for the sake of clarity, only.
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The difference in the CD141" dendritic cells between subjects reached a maximum of approximately 0.55
percentage points; see Graph 18 and Graph 19. Patient 1 reached the highest percentage of CD141"
dendritic cells at the second testing, and as with the CD1c" dendritic cells the value decreased from that
point with approximately 0.5 percentage points towards the end of the period. The difference between
days of testing of patient 2 and control subjects 1 and 2 was less distinct compared to patient 1.
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Graph 18. Distribution of CD141" dendritic cells in patients. Graph 19. Distribution of CD141" dendritic cells in control
Data only available for the time points indicated by symbols. subjects. Data only available for the time points indicated by
Dashed lines connect the symbols of each patient for the sake symbols. Dashed lines connect the symbols of each control
of clarity, only. subject for the sake of clarity, only.

TLR4 Expression of Dendritic Cell Subpopulations
In order to monitor TLR4 expression, cells were stained with anti-TLR4 antibody. TLR4 expression of the

dendritic cell subclasses is shown in Graph 20 to Graph 23. The highest TLR4 expression of patient 1 was
seen at day one with CD1c" cells expressing most TLR4. This level of TLR expression by dendritic cells was
the highest seen between subjects. At day 21 an overall decrease was seen for all three subtypes and a
small increase of CD303" and CD141" expression occured at day 68. At day 36 and 68 the TLR4 expression of
CD1c’ dendritic cells was negative, indicating higher isotype fluorescence than that of the anti-TLR4

antibody sample.

TLR4 Expression
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Graph 20. TLR4 expression of dendritic cell subtypes in patient 1.
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Values of TLR4 expression in patient 2 also appeared to be negative for CD1c’ and CD141" cells,
respectively, at day 21 and 36 of the period. The highest value of TLR4 expression of CD303" dendritic cells
was seen at day 68. At this time, low TLR4 expression of CD1c" dendritic cells occurred, see Graph 21.

TLR4 Expression
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Graph 21. TLR4 expression of dendritic cell subtypes in patient 2.

Control subject 1 showed a decrease in TLR4 expression by CD1c" dendritic cells in time, and an increase in
CD303" expression. The expression level of CD141" cells was stable in general. At day 62 the value of CD1c"

cells was negative.
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Graph 22. TLR4 expression of dendritic cell subtypes in control subject 1.
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Several TLR4 expression values of control subject 2 subpopulations were negative, see Graph 23. These
included that of CD1c" expression, day 42 and 49, and of CD303" day 42. In general, values were raised for

the expression of all three subtypes at day 62.
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Graph 23. TLR4 expression of dendritic cell subtypes in control subject 2.
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HLA-DR Expression of Dendritic Cell Subpopulations
HLA-DR expression of dendritic cell subtypes showed to be consistent between all samples. CD1c" dendritic

cells expressed most HLA-DR, see Graph 24 to Graph 27. Except for patient 1, CD303" cells showed an
expression level in between that of CD1c" cells and CD141" cells in general, with CD141" cells being the
subpopulation having the lowest expression. CD1c" expression was high in the control subjects compared

to the two patients.
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Graph 24. HLA-DR expression of dendritic cell subtypes in  Graph 25. HLA-DR expression of dendritic cell subtypes in
patient 1. patient 2.
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Graph 26. HLA-DR expression of dendritic cell subtypes in  Graph 27. HLA-DR expression of dendritic cell subtypes in
control subject 1. control subject 2.
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Monocyte Subset Enumeration in Whole Blood
The populations and gating of non-classical, intermediate, and classical monocytes are illustrated in Figure
19 in which the data from one representative sample is shown. The corresponding plots obtained from the

same sample stained with isotype controls are shown in Figure 20.

Figure 19. Populations and gates of the monocyte subset enumeration. P1: Monocyte gate.
Q1: Non-classical monocytes. Q2: Intermediate monocytes. Q4: Classical monocytes. Data
from one representative sample is shown. Plots are generated from FACSDiva™ software.

Figure 20. Populations and gates of the monocyte subset enumeration of the isotype control
sample. P1: Monocyte gate. Q1: Non-classical monocytes. Q2: Intermediate monocytes. Q4:
Classical monocytes. Data from one representative sample is shown. Plots are generated
from FACSDiva"" software.
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Distribution of Non-Classical, Intermediate, and Classical Monocytes
The distribution of non-classical, intermediate, and classical monocytes within the monocyte gate is shown

in Graph 28 to Graph 31. The graphs illustrate mean distribution of monocyte subpopulations for each
subject. Undetermined cells composed some of the cells of the monocyte gate, which explains why the
percentages of the three subpopulations do not in total give a value of 100. The overall result was low
numbers of non-classical and intermediate monocytes in comparison with the classical monocytes. Both
patients had slightly higher average percentage of classical monocytes than control subjects. Patient 2 had
a smaller frequency of non-classical monocytes than the other subjects.
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Graph 28. Mean distribution of monocyte subtypes in patient 1.
The numbers indicate mean percentage of monocyte gate.
Standard deviation between the days of testing is shown. Mo:

monocyte.

Graph 29. Mean distribution of monocyte subtypes in patient 2.
The numbers indicate mean percentage of monocyte gate.
Standard deviation between the days of testing is shown. Mo:
monocyte.
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Graph 30. Mean distribution of monocyte subtypes in patient 1.
The numbers indicate mean percentage of monocyte gate.
Standard deviation between the days of testing is shown. Mo:

monocyte.

Graph 31. Mean distribution of monocyte subtypes in patient 1.
The numbers indicate mean percentage of monocyte gate.
Standard deviation between the days of testing is shown. Mo:
monocyte.
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Monocyte Subset Distribution over Time

The frequence of non-classical monocytes was in most instances higher in control subjects than in patients,
see Graph 32 and Graph 33. Control subject 1 showed the greatest difference of approximately 3.5

percentage points between measurements.

The non-classical

monocyte subpopulation differed

approximately 2.9 and 2.5 percentage points between samples of patient 1 and patient 2, respectively. The

values of control subject 2 differed the least.
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Graph 32. Distribution of non-classical monocytes in patients.
Data only available for the time points indicated by symbols.
Dashed lines connect the symbols of each patient for the sake
of clarity, only.

Graph 33. Distribution of non-classical monocytes in control
subjects. Data only available for the time points indicated by
symbols. Dashed lines connect the symbols of each control
subject for the sake of clarity, only.

Regarding the classical monocytes, all samples showed a high frequency of this cell type. Control subjects
had slightly lower values than did those of the patients, see Graph 34 and Graph 35.
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Graph 34. Distribution of classical monocytes in patients. Data
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Dashed lines connect the symbols of each patient for the sake
of clarity, only.
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Graph 35. Distribution of classical monocytes in control
subjects. Data only available for the time points indicated by
symbols. Dashed lines connect the symbols of each control
subject for the sake of clarity, only.



Great variations were seen in the distribution of intermediate monocytes — both between subjects and

between samples of each subject. As with the CD1c" and CD141" dendritic cells, patient 1 had a decreasing

frequency of intermediate monocytes when comparing early to late measurements. Patient 2 also showed

a low number of intermediate monocytes in the last sample. Control subject 1 showed higher values than

control subject 2 in two out of three measurements, see Graph 36 and Graph 37.
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Graph 37. Distribution of intermediate monocytes in control
subjects. Data only available for the time points indicated by
symbols. Dashed lines connect the symbols of each control
subject for the sake of clarity, only.

52



TLR4 Expression of Monocyte Subpopulations
The TLR4 expression of patient 1 did not show any negative values. The day 1 measurement showed higher
values of TLR4 expression of all cell types compared with the following three measurements, see Graph 38.
However, in the fluorescence intensity of patient 2 and both control subjects, negative values were
revealed, see Graph 39 to graph 41. The intermediate monocytes of patient 1 showed highest TLR4
expression amongst monocyte subtypes at day 21, 36, and 68. This was also the case with patient 2, all
measurements, and control subject 1, last two measurements. In control subject 2 there was higher TLR4
expression of the non-classical monocytes, than of the intermediate monocytes (Graph 41).
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Graph 38. TLR4 expression of all monocyte subtypes in patient Graph 39. TLR4 expression of all monocyte subtypes in
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Graph 40. TLR4 expression of all monocyte subtypes in control

subject 1.
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Graph 41. TLR4 expression of all monocyte subtypes in

control subject 2.




HLA-DR Expression of Monocyte Subpopulations
Intermediate monocytes of all subjects expressed most HLA-DR, see Graph 42 to Graph 45. The maximum

values of the intermediate monocytes differed between subjects, and the patients had lower maximum
values than the control subjects. Compared to the other subtypes, HLA-DR expression was lowest for the
classical monocytes, in general. One value, the one of day 42 of the classical monocytes was negative for

control subject 2, see Graph 45.
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Graph 42. HLA-DR expression of all monocyte subtypes in
patient 1.

Graph 43. HLA-DR expression of all monocyte subtypes in
patient 2
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Graph 45. HLA-DR expression of all monocyte subtypes in
control subject 2.
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Monocyte Subset Enumeration in Urine
For flow cytometric analysis, the cells of urine samples were first concentrated by centrifugation and then
the mononuclear cells in the concentrated sample were isolated by density gradient centrifugation.
However, in samples from control subjects, no typical cell populations could be identified in FSC/SSC

dotplots, see Figure 21.

Figure 21. FSC/SSC plot for urine
monocyte  enumeration. The plot
represents all samples of control subjects.
100% events are shown. Plot generated
from FACSDiva'" software.

Urine monocytes were not found in patients when samples were not prepared with Lymphoprep™ and
gradient centrifuged, which was the case of the first patient samples.

When changing the method of preparation, cell populations were seen. In the sample from patient 1, day
36, leucocyte subpopulations were located in a FSC/SSC plot, see Figure 22. When gating on the monocytes,
the classical monocytes constituted the majority of monocytes. No sample was analyzed for patient 2 that

day.

Figure 22. FSC/SSC plots for urine cells of patient 1, day 36, revealed the presence of leucocytes (left and
middle plot). Classical monocytes seemed to be present in a CD14/CD16 plot (right plot). Sample preparation

was according to approach no. 2. 100% of events are shown. Plots generated from FACSDiva
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Classical monocytes was also observed in the urine of patient 1, day 68, see Figure 23. No monocyte
population could be defined for patient 2, day 68. See Figure 24.

Figure 23. Upper left plot: FSC/SSC plot of urine cells of
patient 1, day 68. Sample preparation was according to
approach no. 3. Upper right plot: CD45-positive cells were
localized. Lower left plot: FSC/SSC plot of CD45-positive cells
revealed leucocyte populations, and a gate was set around
monocytes. Lower right plot: CD14/CD16 plot revealed
prescence of mainly classical monocytes. 100% events are
shown. Plots generated from FACSDiva™ software.

Figure 24. Upper left plot: FSC/SSC plot of urine cells of
patient 2, day 68. Sample preparation was according to
approach no. 3. Upper right plot: CD45-positive cells were
localized. Lower left plot: FSC/SSC plot of CD45-positive cells
revealed no leucocyte populations. 100% events are shown.
Plots generated from FACSDiva™ software.
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Discussion

The etiology of IgAN is still unknown, however immune mechanisms are crucially involved in the
pathogenetic processes, and possibly the cause of the disease is also to be found within the immune
system (5). The aim of the present project was to investigate monocyte and dendritic cell subpopulations in
a group of IgAN patients and a group of controls.

Due to an unexpected delay in the approval process of the plans for the research project, a lower than
expected number of suitable patients, and the fixed time allowed for a research project for the master's
degree, only one third of the number of patients and controls anticipated, has been enrolled in the project.
Obviously, this severely limits the conclusion that can be drawn on the basis of the results obtained.

Regarding enumeration of dendritic cell and monocyte subpopulations in IgAN patients and in healthy
controls, the study has succeeded. In all subjects the subpopulations of cells were found. The monocyte
and dendritic cell subpopulations being investigated in the present study have only recently been defined
(3), and to our knowledge, the distribution of subpopulations within parent population of these cells in
blood has not yet been investigated in IgAN. This makes the experimental setup of this study unique, and
hence the results of it interesting.

The distribution of plasmacytoid CD303", myeloid CD141", and myeloid CD1c" dendritic cells, was consistent
within control subjects. The CD303" dendritic cells constituted the largest group of the dendritic cell
subpopulations, and CD141" cells accounted for the smallest fraction of subpopulations. In patient 1, the
mean CD1c" subpopulation was increased in relation to the other subjects, see Graph 10 to Graph 13.
However, based on the number of measurements it was not possible to establish a strong basis for
describing tendencies of distribution in patients and in controls. In future studies the number of patients
should therefore be increased and the period measurements prolonged.

This also applied to the distribution of monocytes. However a tendency of increased proportions of classical
monocytes was seen in patients compared to control subjects. Mean percent wise distribution of the non-
classical monocytes was decreased in both IgAN patients (Graph 28 to Graph 31). These tendencies may
only be confirmed by experiments of a larger number of patients.

Ideally, it had been useful to have data from the BD TruCount™ tubes. In that way, it would have been
possible to obtain data for the absolute concentration of the subpopulations of dendritic cells and
monocytes directly from the flow cytometric data. Information on blood leucocyte concentrations,
including monocyte and lymphocyte concentrations, was of interest, as the percent wise distribution within
parent the population (e.g. percentage of classical monocytes within the monocyte gate), could not itself
reveal information on the level of blood concentrations. It is of interest to know, whether or not e.g. an
increase in a monocyte subpopulation percentage was to be seen in the total blood concentration of
monocytes and leucocytes in general. Given that no such data was obtained, data from the absolute
leucocyte differential count was used in the calculations.

Since our attempt to determine absolute counts by the TruCount™ bead method failed, we unfortunately
cannot provide absolute counts for the subpopulations of dendritic cells and monocytes from the control
subjects. This is due to the fact that an absolute differential count was not performed on blood from the
control subjects, only on blood from patients. However, in the literature, reference values for these
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subpopulations can be found. The blood of healthy human adults contains approximately 0.45 x10°
monocytes per litre (38). According to Graph 3, the blood monocyte concentration of the two patients
differed in that patient 2 showed a lower blood monocyte concentration in comparison with patient 1.
Patient 2 showed a concentration ranging closely to the reference value of 0.45 x10° monocytes/L at the
first three measurements. Only the last measurement was elevated with reference to normal monocyte
concentration. The same peak in blood concentration was seen for the non-classical and for the classical
monocytes in Graph 4 and Graph 6. This indicated that the overall increase in monocyte blood
concentration of patient 1 was the result from an increase in the number of non-classical monocytes and
classical monocytes. The highest peak of monocyte blood concentration for patient 2 was seen at the first
day of measurement, see Graph 3. When looking at Graph 4 to Graph 6, classical and intermediate
monocytes seemed to be the contributing cell types for this overall blood monocyte concentration. It is
noteworthy, that the peaks in blood monocyte concentrations of the two patients were, in part, due to an
increase in classical monocytes.

The blood monocyte concentration of patient 2 seemed low at each measurement in comparison with the
reference value (Graph 3). Likewise, lymphocyte concentration was lower in patient 2 than in patient 1
(Graph 2). Despite these values of concentration, total leucocyte blood concentration of patient 1 was
similar to that of patient 2 (Graph 1). This indicated that granulocytes of the total leucocyte population
were present in a higher amount in patient 2 compared to patient 1. Both patients had total leucocyte
concentrations around the reference value of 6.19 x10° cells/L (39). When evaluating the monocyte and
dendritic cell subpopulations and blood concentrations found in this experiment, it should be considered
that the number of patients and control subjects was rather low. Clearly, more patients and control
subjects and more measurements over a longer period of time would be preferred, as this would probably
provide greater insight into the development over time and differences between subjects. It would have
been interesting to see concentrations of the dendritic cell subpopulations in healthy individuals, since this
is a necessity for evaluation of differences in IgAN patients and in control subjects.

Clear tendencies were observed in all subjects regarding the expression of HLA-DR on the different
dendritic cell subpopulations (Graph 24 to Graph 27). CD1c' dendritic cells clearly had the highest
expression of HLA-DR. CD303" cells showed the second level of HLA-DR expression, and the CD141"
dendritic cells expressed least of the marker compared with the other subpopulations. Interestingly, peak
levels of HLA-DR on CD1c’ dendritic cells were higher for the control subjects than for the patients.
Amongst the monocytes, HLA-DR expression was not as clearly defined between subpopulations as with
dendritic cell suppopulations. In general, the intermediate monocytes had high expression of HLA-DR. Peak
levels of HLA-DR expression on intermediate monocytes were slightly higher for control subjects than for
the two patients. These results of HLA-DR expression indicate the possibility, that HLA-DR expression may
be associated with IgAN. This result is in line with the findings of others that have demonstrated a genetic
association with HLA and IgAN (40).

TLR4 expression of dendritic cells and monocytes did not reveal any clear difference between and within
subjects. In several instances the TLR4 expression was found to be negative, both regarding monocyte and
dendritic cell expression, see Graph 20 to Graph 23, and Graph 38 to Graph 41, respectively. Monocyte
expression of TLR4 revealed increased values of intermediate and non-classical monocytes of patient 1, day
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1, (see Graph 38) in comparison with the rest of the measurements of patient 1. In patient 2 and control
subject lintermediate monocytes also showed the greatest TLR4 expression between subpopulations.

The negative values of TLR4 expression indicated, that non-specific binding of the isotype control antibody
was higher than the binding of the anti-TLR4 antibody. It was also clear that the PE-Cy7 isotype control used
with the PE-Cy7 conjugated anti-TLR antibody exhibited a stronger binding than did the other isotype
controls. Indeed, binding of PE-Cy5 conjugates has been demonstrated in a study by van Vugt et al., 1996
(41). It appears that when using PE-Cy5 conjugated monoclonal antibodies there is an effective binding of
the PE-Cy5 conjugate of the antibody to the human CD64 receptor. In this way there is a risk that the
fluorescence from PE-Cy5-conjugated antibodies does not reflect binding specificity to antigens of interest,
but rather the binding of PE-Cy5 fluorochrome to CD64 on cells (41). It could be suspected, that there was a
difference in the degree of PE-Cy7-fluorochrome-conjugation between the anti-TLR4 antibody and the
isotype control antibody in this study, and that this contributed to a higher extent of non-specific binding of
the isotype control antibody. In a situation like that, samples of very low values of fluorescence intensity
caused by low TLR4 expression would probably be highly influenced by non-specific binding of the isotype
control antibody. Median fluorescence intensities of an isotype control antibody with a high level of non-
specific binding may, when retracted from the median fluorescence intensity of cells with little TLR4
expression, result in negative values of fluorescence. Indeed, the binding of the anti-TLR4 antibody does
seem to be low in those instances where the value becomes negative after subtraction of the isotype value
when looking on the original data (data not shown).

The undesirable binding of tandem PE-Cy5 conjugates was by others shown to be mediated by the CD64
receptor. A study of van Vugt et al. demonstrated that this binding could be inhibited by the addition of an
anti-CD64 antibody (41). Since the PE-Cy7 fluorochrome is also a tandem dye (42), we suspect that the two
fluorochromes are chemically related and hence, expect that the binding of the PE-Cy7 conjugates is also
mediated by CD64. We therefore investigated the effect of adding an unconjugated anti-CD64 antibody to
the antibody panel. No major changes were seen on the median fluorescence intensity of the PE-Cy-7
conjugated isotype antibody when staining with the anti-CD64 antibody. A study by Jahrsdorfer et al. in
2005 demonstrated, that phosphorothyoate oligonucleotides effectively suppress nonspecific binding of
Cy5 conjugates to monocytes, more effectively than do anti-CD64 antibodies and Fc receptor blocking
reagents (43). It may be suspected, that the binding epitope targeted by the anti-CD64 antibody used in
present study was different from that of the PE-Cy7 conjugate. This would explain why the CD64 receptor
blocking did not have any effect on the non-specific binding of the PE-Cy7 conjugated isotype control
antibody.

The compensation of the present study was based on the use of BD CompBeads™. The staining of these
beads was partly based on monoclonal antibodies of the experimental setup, partly on monoclonal
antibodies of different specificity and manufacturer than in those of the experiment. Ideally, only the
specific antibodies of the experiment should be used, since lot. numbers of antibodies may have slightly
different fluorescence spectra (27). This was not possible, however, since dendritic cell enumeration was
based on a commercially available antibody cocktail from which each single antibody could not be isolated
and used in the compensation. The manufacturer of the antibodies of the cocktail did not provide
separately antibodies like those of the cocktail, and as a consequence, other antibodies had to be used in
the compensation. A future compensation setup should be based on each of the antibodies of the
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experiment, which may eliminate the option of using commercially available antibody cocktails, but in
return allow optimal compensation of the spectral overlaps of fluorescence.

As previously described, in multicolor flow cytometry, the flourochrome emission spectrum of a single
fluorochrome can be affected by fluorescence spectra of additional colors in the same sample, despite
proper compensation (36). The all-minus-one method is therefore preferable when staining cells with
multiple colors, as it is the case of present study. By this approach of defining a negative control, it is
possible to take into account that emission spectra may change with the presence of several colors.
However, non-specific binding of e.g. tandem conjugates to cells must still be evaluated. All-minus-one plus
isotype control is a way of combining the two ways of defining a negative population. This method includes
the isotype control antibody of the antibody that is left out of the all-minus-one sample, and may be the
optimal way of defining negative populations in studies involving multicolor flow cytometry.

Several optimizations of the protocol for urine monocyte enumeration were made in the course of this
study, and this was essential to be able to analyze the presence of cells urine. Limited information is to be
found on analysis of cells in urine (44), and the results of this study regarding monocytes in urine of IgAN
patients seems to be unique to our knowledge. In healthy individuals, kidney function would be expected
to be normal and glomerular damage non-existing. In present study no populations of granulocytes,
monocytes, and lymphocytes were seen in the urine of control subjects. However, in one of the IgAN
patients, leucocytes including monocytes were clearly present and could be analysed by flow cytometry.
When looking at the subpopulations of these monocytes, it was revealed that classical monocytes
comprised the majority of the monocytes. This result suggests further investigation of urine monocytes
over time and during different states of disease in IgAN.

Conclusive Remarks

By this study it has been confirmed, that multicolor flow cytometry offers the opportunity of analysis of
intermediate, non-classical, and classical monocytes, as well as plasmacytoid CD303", myeloid CD1c", and
myeloid CD141" dendritic cells in IgAN patients.

Multicolor flow cytometry provides the capability of detection of multiple colors. However, reflections
should be made in order to obtain useful and high quality data. In this study, it has been clearly shown, that
the choice of fluorochrome-conjugated antibodies of the experimental antibody panel should be
considered carefully, particularly when using fluorochromes that may show a high degree of non-specific
binding to cells. In this study it was emphasized, that there is a need for careful quality controls when using
tandem-conjugated antibodies.

The number of patients and control subjects for this type of experiment should be increased in a future
study, as this would provide better opportunities for evaluation of cellular events in IgAN and in health. By
also implementing the various improvements of the technique suggested above, great opportunities would
arise to achieve more information on the condition of the innate immune system in IgAN.
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