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A dual lineage model for the development of mature human NK-cells.
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A dual lineage model for the development of mature human NK-cells.

Keywords: dual lineage, IL15, IL21, CD56, KIR, lectin

There are 2 mgjor subtypes of mature NK-cells with differential surface markers in the
peripheral blood, CD56'KIR™ Lectin® and CD56"'KIR'Lectin®". Our proposa is aimed at
clarifying the developmental pathway of these 2 subtypes of mature NK-cells. So far, we have
achieved the following:

|: Isolation and expansion of CD34" stem cells from umbilical cord blood

We have isolated CD34" stem cells from umbilical cord. We are able to expand the CD34"Lin-
stem cells with the use of an in vitro culture system under cytokine stimulation. An 5-10 fold
expansion is achieved after 1-week culture.

I1: Partial Induction of CD56 expression, suggestive of NK-differentiation

The expanded stem cells were further grown for another 1 week, to induce differentiation.
Although most cells developed into the myeloid lineage, about 5-10% were CD56", suggestive
of an NK-lineage. To continue the investigation, we are currently using IL-15 to stimulate
proliferation and induction of mature NK-cells.

[11: Confirmation of lineage assignment of sinonasal lymphoma

We have performed an extensive assessment of the lineage assignment of sinonasa
lymphomas. We found most sinonasal lymphomas had a restricted killer immunoglobulin-like
receptor repertoire, consistent with a NK-lineage. But some cases had a monoclonal T-cell
receptor rearrangement plus a restricted killer immunoglobulin-like receptor repertoire, consistent
with amixed NK/T cell lineage. (Am J Path, 2001, 159, 1671.)

IV: Clinical correlation and significance.

Further analysis of the expression pattern of CD94 (the killer lectin-like receptor) showed
that a subset of sinonasal lymphoma had CD94 expression. The CD94 positive subset had a much
better prognosis than the CD94-negative subset. (Blood, 2003, 102, 2623) We are currently
investigating whether these 2 subsets correspond to the 2 major subsets of mature NK-cells
of the peripheral blood.



We have proposed a dual lineage model for NK -cell development.
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In the past 2 years, we have tried to evaluate this model from both the developmental

biological perspective and from the clinical per spective.

1) the developmental approach: Isolation and expansion of CD34+ stem cells from
umbilical cord blood

We have set up a culture system for the isolation and expansion of CD34+Lin- stem cells
A representative result is shown below. We usually had 5-10 fold expansion of the stem cells.

Table 1 ex vivo expansion of human CD34+Lin- cells after cytokine stimulation

population before culture 1 week &fter culture (expansion fold) 2 weeks after culture(expansion fold)
Total cells 9x10* 1.42x10° (15.7) 4.24x10° (47.1)
CD34"cells  8.4x10* 4.54x10° (5.44) 3.07x10° (3.68)

Fresh CD34"Lin cells were cultured in IMDM supplemented with 8% human serum, 10 ng/ml SCF, 10 ng/ml 1L3, 100 ng/ml IL6,
1000 ng/ml IL6-R, 100ng/ml FLT3, and 20ng/ml TPO.



2) the developmental approach: Partial Induction of CD56 expression, suggestive of
NK-differentiation

The expanded stem cells were further grown for another 1 week, to induce differentiation.
Although most cells developed into the myeloid lineage, about 5-10% were CD56+, suggestive
of an NK-lineage. To continue the investigation, we are currently using IL-15 to stimulate
proliferation and induction of mature NK-cells.

Table2 Lossof CD34 and induction of lineage markers

after 1 week after 2 weeks

CD34+ CD34- CD34+ CD34-
CD2 + 0.52 2.69 21.05 10.31
cD2 - 49.34 47.45 8.04 60.6
CD3 + 0.07 0.04 0.29 0.10
CD3 - 54.07 45.82 34.01 65.60
CD14 + 2.45 11.50 8.62 6.37
CD14 - 51.99 34.06 20.12 64.88
CD16 + 0.30 3.13 2.20 1.72
CD16 - 53.45 43.12 32.42 63.67
CD19 + 0.04 0.04 1.71 1.99
CD19 - 58.20 47.71 29.29 67.01
CD13 + 55.78 27.38 25.36 59.72
CD13 - 6.23 10.62 1.35 13.57
CD33 + 47.93 6.65 30.48 61.12
CD33 - 35.06 10.36 0.66 7.73
CD41 + 0.52 0.24 1.02 0.63
CD41 - 52.28 46.95 31.41 67.21
CD56 + 0.46 9.19 14.88 14.21

CD56 - 51.0 39.35 19.26 51.65



3) theclinical approach: Killer immunoglobulin-like receptor repertoire analysis

We have used analysis of the killer immunoglobulin-like receptor repertoireto prove that a
subset of sinonasal lymphomas belong to the NK-lineage. We have performed an extensive
assessment of the lineage assignment of sinonasal lymphomas. We found most sinonasal
lymphomas had a restricted killer immunoglobulin-like receptor repertoire, consistent with a
NK-lineage. But some cases had a monoclonal T-cell receptor rearrangement plus a restricted
killer immunoglobulin-like receptor repertoire, consistent with a mixed NK/T cell lineage. (Am J
Path, 2001, 159, 1671.)
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Figure 3. Examples of KIR repartcire by RT-PCR. KIRZDL4 " KIR2D KIRZD
MTEML is shown (A); ancther KIR20L4 - KIRZD *KIR3D" NTEML is shown (B). The
expectad sizes of the PCR products for KIRZ0OL4, KIR2D, KIR3D, and [#-actin are 83,
85, 80, and 95, respectively. The solid line is RT-PCR with reverss transcriptase; the
dashed line is RT-PCR without reverss transcriptase, as negative control.

4) theclinical approach: CD94 expression.

Further analysis of the expression pattern of CD94 (the killer lectin-like receptor) showed
that a subset of sinonasal lymphoma had CD94 expression. The CD94 positive subset had a much
better prognosis than the CD94-negative subset. (Blood, 2003, 102, 2623-2631) We are
currently investigating whether these 2 subsets correspond to the 2 major subsets of mature
NK-cells of the peripheral blood.
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Figure 5. Kaplan-Meizr survival analysis. CO8" and CO2 - subtypes are shown,
com plete follow-up (2 and censored case (#). The median survival imes for the 2
groups were 50 months versus 10 months (F = 026).
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Classification of sinonasal lymphoma

91 8 92 )y | 92 8 ’ 93 7 )| (93 )
Collection of cases X X X X X
imunophenotyping X X X X X X X
Genotyping, KIR RT-PCR X X X X X
Genotyping, TCR PCR X X X X X
CD34 stem cell isolation X X X X X
CD34 stem cell expansion X X X X X
Sorting by paramagnetic beads X X X X X
Phenotypical analysis X X X X X
Cell sorting, flow cytometry X X
Stimulation and inhibition by X X
cytokines IL15
Stimulation and inhibition by X
cytokines 1L21
Cellular cytokine analysis X
Dataintegration X
10 20 30 40 45 50 55 60
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In summary, we have performed
|: Isolation and expansion of CD34" stem cells from umbilical cord blood
I1: Partial Induction of CD56 expression, suggestive of NK-differentiation
[11: Confirmation of lineage assignment of sinonasal lymphoma

IV: Clinical correlation and significance.

We are currently using IL 15 to stimulate proliferation and induction of mature NK-cells, and to
see if the 2 subsets of mature NK cells correspond to the 2 clinical subtypes of sinonasal
lymphomas.

We will submit a manuscript as soon asthe project isfinished.
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