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5.3 Modulation of NK cell functionality with the Dnmt-inhibitor 5-
AzaC 

The KIR locus was described to be regulated by methylation of CpG islands within the promoter region of 

KIR genes (Santourlidis et al., 2002; Chan et al., 2003). In line with this, DNA methyltransferase inhibition 

was shown to induce KIR expression. Until now, beneficial effects of the Dnmt-inhibitor 5-AzaC in 

treatment of AML and MDS have been attributed to the epigenetic upregulation of cancer testis antigens or 

NKG2D-L on blasts leading to higher susceptibility to NK cell-mediated cytotoxicity (Rohner et al., 2007; 

Tang et al., 2008; Lubbert et al., 2010). Furthermore, methyltransferase inhibitors in cancer therapy can 

induce the re-expression of tumor suppressor genes (Jones and Baylin, 2007). Besides this tumor-focused 

concept there is only limited data available about direct effects of 5-AzaC on NK cells. 

5.3.1 5-AzaC alters the phenotypical expression pattern of NK cells in vitro 
but decreases cytotoxicity 

As already described in the literature (Santourlidis et al., 2002; Chan et al., 2003), 5-AzaC induces KIR 

expression upon treatment of NK cells in vitro (Fig. 17). Furthermore, modulation of other NK cell receptors 

can be observed (Fig. 18). Interestingly, detailed subset analysis shows a preferential increase of KIR 

expression mainly on NKG2A+ but not on NKG2A- NK cells (Fig. 19). The inhibitory receptor NKG2A 

recognizes HLA-E, and this receptor-ligand interaction plays an important role for self-tolerance. So, 

especially in KIR- NK cells, higher frequencies of NKG2A+ cells can be observed (Andersson et al., 2009). 

From a developmental point of view it has been shown that there is a step-wise maturation process from 

CD56dim NKG2A+KIR- cells that increase KIR expression and decrease NKG2A expression to a finally fully 

competent CD56dimNKG2A-KIR+ stage (Béziat et al., 2010). The increased presence of NKG2A+KIR+ cells 

but not NKG2A-KIR+ cells shown in this work might therefore be a consequence of KIR upregulation 

occurring on the developmentally ‘appropriate’ precursor only, namely the NKG2A+ NK cells and not 

NKG2A- NK cells. 

Besides the preference for KIR induction on NKG2A+ NK cells upon 5-AzaC treatment in vitro, it was 

furthermore observed that there is a preference for CD158b1/b2/j (KIR2DL2/L3/S2) expression (Fig. 20). 

An in vitro study with single umbilical cord blood-derived CD34+/Lin-/CD38- cells, fetal liver, and adult 

bone marrow showed that these HSCs upon differentiation lead to NK cells with polyclonal KIR expression 

(Miller and McCullar, 2001). KIR expression frequency was hierarchical: KIR2DL2/L3/S2 > KIR2DL1/S1 

≥ KIR3DL1 (Miller and McCullar, 2001). Most of the cells in the study of Miller and McCullar were 

KIR+NKG2A+, only a small number of cells was KIR+NKG2A-. The analysis of sorted KIR2DL2/L3/S2+ 

NK cells revealed that KIR2DL2/L3/S2 expression remained stable and additional KIR3DL1 expression can 

be induced. The HLA type of the HSCs used did not change the preference for KIR expression. This was 

also shown by the Malmberg group (Andersson et al., 2009) that furthermore describe that the acquisition 

probability of KIRs increases with cellular KIR expression. There are further indications for preferential 

KIR2DL2/L3/S2 reconstitution after HSCT in patients (Pfeiffer et al., 2010). 
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The data in Fig. 20 showing a preferential (co-)expression of KIR2DL2/L3/S2 observed during 5-AzaC 

treatment is supported by the observations of several studies (Miller and McCullar, 2001; Andersson et al., 

2009; Pfeiffer et al., 2010). At the concentrations used 5-AzaC might not lead to a randomly increased KIR 

expression, but rather to a conservation of the hierarchical KIR expression order also occurring during NK 

cell development. This might on a molecular basis be explained by the presence of specific histone 

modifications that poise KIRs for DNA demethylation and expression (Santourlidis et al., 2008). In contrast 

to KIR2DL1/S1/S4 or KIR3DL1 expression KIR2DL2/L3/S2 is in most individuals robustly expressed 

(personal observation). The open chromatin conformation needed for KIR expression and high abundance of 

mRNA transcripts might contribute to the preferential induction of KIR2DL2/L3/S2 expression upon 5-

AzaC treatment. However, these hypotheses are speculative and for confirmation further molecular-biologic 

investigation is needed.  

 

Due to the limited availability of single KIR-specific mAbs data on 5-AzaC effects on aKIR expression is 

scarce. Applying a Q-PCR-based quantification of aKIRs, this study shows the 5-AzaC-induced induction of 

inhibitory and also activating KIRs (Fig. 21). Until now the effect of 5-AzaC on NK cell function has mainly 

been studied in the context of MHC class I-deficient target cell lysis. Gao and colleagues showed a 5-AzaC 

induced KIR expression on NK cells followed by decreased cytotoxicity towards K562 cells. They attribute 

this effect to the enhanced inhibition by KIRs and decreased granzyme B and perforin release (Gao et al., 

2009). The Salih group also observed diminished cytotoxic potential and IFN-γ release upon treatment of 

NK cells with 5-AzaC (Schmiedel et al., 2011). However, in this study the exposure of NK cells to 5-AzaC 

was performed only for a short period of time under non-proliferating conditions. This did not lead to 

epigenetic modulation as seen by the lack of KIR induction. Therefore, experimental conditions cannot be 

compared. 

It has not been investigated whether under certain specific KIR-KIRL constellations the induction of aKIRs 

might be beneficial. For this purpose, a KIR-KIRL constellation where no educated iKIR-KIRL interaction 

but rather activating KIR2DS2-HLA-C2 interaction is possible was chosen (Table 10). Despite this selected 

KIR-KIRL constellation 5-AzaC-treated NKAES cells display decreased cytotoxicity towards a pediatric 

BCP-ALL and a pediatric AML cell line (Fig. 22). The cytotoxic potential towards the MHC class I-deficient 

K562 cell line was also decreased. It can therefore be assumed that under the 5-AzaC concentrations applied 

mechanisms independent of increased inhibition by KIRs lead to a reduced cytotoxic potential of NK cells. 

Furthermore, the general dampening of cytotoxicity under the given conditions might have outweighed 

potential functional consequences of aKIR upregulation. 

5.3.2 5-AzaC induces proliferation of NK cell progenitors and along with this 
reduces the leukemic burden in huNSG mice 

Low dose 5-AzaC has already been used in a so-called ‘bridging therapy’ in MDS early after HSCT (during 

the first 3 months) to prevent early occurring relapses (De Lima et al., 2010). In this study toxicity of 5-AzaC 

when given early after HSCT was acceptable as shown by de Lima and colleagues. Also in AML patients, 
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there is evidence that 5-AzaC treatment early after HSCT might induce remission (Jabbour et al., 2009). 

These studies show on one hand the feasibility of low-dose 5-AzaC treatment early after HSCT and on the 

other hand beneficial anti-leukemic effects in a ‘tumor-focused’ view.  

NK cells are one of the first cell populations recovering in humans upon HSCT and NK cells occur within 

the first month (Lamb et al., 1998). But these NK cells mainly display an immature phenotype. One month 

after HSCT, the CD56bright KIR- subset predominates and NK cell-mediated alloreactivity is impaired 

(Nguyen et al., 2005; Vago et al., 2008). Interestingly, also huNSG mice develop mainly CD56brightKIR- NK 

cells that are functionally inert (André et al., 2010). This hyporesponsiveness in huNSG mice can be 

overcome by supplementation of IL-15/IL-15Rα (André et al., unpublished data). Using this humanized 

xenotransplantation model to study GvL effects upon HSCT is technically challenging and has to our 

knowledge so far not been attempted by other groups. The application of multi-color flow cytometry-based 

MRD analysis allows the discrimination of BCP-ALL blasts and graft-emerging B cell-lineage precursors 

and therefore quantification of GvL effects (Kübler et al., 2014). By using primary patient blast samples the 

study of donor-patient-specific interactions of graft-emerging NK cells in the presence of bystander cells is 

possible.  

Administration of low-dose 5-AzaC at an early time point after humanization does not increase KIR or other 

NK cell receptor expression (NKG2D, NKp44, NKG2A) on NK cells (Fig. 24) but intriguingly reduces the 

BCP-ALL burden (Fig. 23). Non-humanized control NSG mice that received 5-AzaC treatment and blasts do 

not show a significantly reduced leukemic burden in contrast to huNSG mice. Keeping the short half-life of 

5-AzaC in mind, a direct cytotoxic effect of 5-AzaC must therefore have been negligible. The half-life of 5-

AzaC and the chosen time point of leukemia induction render it unlikely that regulation of cancer testis 

antigens or NKG2D ligands on blasts had modulated the immune response. The short time period from blast 

injection to analysis of only about 20 h should be too short to initiate a T cell-mediated adaptive immune 

response. In addition, at this early stage after humanization T cells are only present at a very low level 

(Kübler & André, unpublished data). Most likely, the GvL effect can indeed be attributed to graft-emerging 

NK cell subsets. To definitively verify this hypothesis, NK cell-depleting experiments would be required. 

Unfortunately, until now the human NK cell-depleting mAb (anti-Nkp46 mAb from the Moretta group) has 

not been available to our group. 

The observation that 5-AzaC induces clinically relevant in vivo GvL effects of NK cells is in sharp contrast 

to our own in vitro data and data published from other groups on mature 5-AzaC-treated NK cells (Gao et al., 

2009; Schmiedel et al., 2011). Unlike these studies that have exclusively been performed with mature NK 

cells, huNSG mice harbor diverse NK cell progenitor cells. 5-AzaC significantly increased the abundance of 

immature and mature NK cell subsets in the bone marrow of huNSG mice. This increased pool of NK cells 

might have caused the enhanced GvL effect. Therefore, it can be proposed that 5-AzaC differently affects 

NK cell progenitors or mature NK cells. A methylome and transcriptome analysis of isolated 5-AzaC treated 

NK cell progenitors could verify epigenetic effects and potentially identify candidate genes that for example 

might have induced proliferation or differentiation of NK cells.      
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5-AzaC was shown to induce cytopenia in a phase III study (Fenaux et al., 2009). Also in huNSG mice 5-

AzaC induces a non-significant reduction of human and murine CD45+ cells in the bone marrow (Fig. 

23B,C). Therefore, the increased abundance of cells from the NK cell lineage might have been caused by a 

cytotoxic effect on other human CD45+ populations causing an apparent increase of NK cells. But in vivo 

BrdU analysis shows an increased BrdU incorporation in iNK, CD94+ and CD94- mNK cells in 5-AzaC-

treated huNSG mice compared to untreated animals (Fig. 25). Furthermore, CD117+ and CD94+ cells in 5-

AzaC-treated huNSG mice display a percentage of cells in the S phase of the cell cycle. From these findings 

it can be assumed that 5-AzaC increases the abundance of NK cell progenitors and also mature NK cell 

subsets in huNSG mice in a proliferation-dependent manner. In conclusion, it can be hypothesized that low-

dose 5-AzaC treatment early after HSCT might induce proliferation of NK cells and NK cell progenitors, 

leading to an enhanced GvL effect.  

Mechanistically, several aspects support this hypothesis. Data from embryonal carcinoma cells (Musch et al., 

2010) or primary MDS progenitors (Curik et al., 2012) showed that 5-AzaC can indeed promote 

differentiation. Epigenetically downregulated PU.1 in high-risk MDS can be re-expressed by 5-AzaC 

treatment in vitro and especially in combination with G-CSF it induced myeloid differentiation of MDS 

blasts (Curik et al., 2012). This might also be relevant for the NK cell lineage since PU.1 -deficient fetal liver 

cells give rise to less NKPs and NK cells after transfer into Rag2/γc-/- mice compared to controls (Colucci et 

al., 2001). Since PU.1 influences the differentiation of HSCs to NK cell progenitors and NK cells, low-dose 

5-AzaC treatment might induce expression of PU.1 and thereby promote NK cell differentiation. 

The inhibition of Dnmt1 by nucleoside analogues as 5-AzaC might lead to a relatively broad and unspecific 

passive demethylation of the genome. But Hageman and colleagues showed in cancer cell lines that this is 

probably not true for all loci as 5-AzaC rather induces a highly specific non-random demethylation pattern. 

This is partly caused by targeted remethylation of only specific loci or by demethylation resistance of certain 

loci (Hagemann et al., 2011). It is possible that also transcription factors required for NK cell lineage 

decisions display specific demethylation patterns after 5-AzaC treatment. Furthermore, Hageman and 

colleagues show an increased number of cells in S phase after 5-AzaC treatment (1 µM for 24 hours), only 

higher concentrations led to arrest in G2-phase. So low-dose 5-AzaC might also promote cell cycle 

progression of NK cells or NK cell progenitors. 

Decitabine (5-AzadC) which is the deoxy-ribose analogue of 5-AzaC has been shown to have stem-cell 

renewing capacities in the context of hematopoietic precursors (Milhem et al., 2004; Hu et al., 2010). Hu and 

colleagues propose that Dnmt1 depletion before or concurrent with a differentiation-inducing stimulus 

maintains stem cell self-renewal by preventing the repression of stem cell genes by the differentiation 

stimulus. In contrast shortly after a differentiation stimulus Dnmt1 depletion augments differentiation (Hu et 

al., 2010). Taking these data into account for interpretation of the data shown in this work, it is possible that 

both enhanced stem cell renewal and enhanced terminal differentiation leads to increased NK cell 

differentiation in our huNSG model. During the first phase of 5-AzaC treatment no IL-15/IL-15Rα was 

supported which could have led to an enhanced stem cell renewal. During the second phase IL-15/IL-15Rα 

administration could have increased NK cell differentiation. 
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iNK cells are significantly enhanced upon 5-AzaC treatment in vivo (Fig. 24) and interestingly, in vitro 

generated immature NK cells (CD161+ CD56-) were found to mediate cytotoxic activity towards Jurkat and 

J23 cells (Zamai et al., 1998). Cytotoxicity of iNK cells, in contrast to mature NK cells, was shown to be 

Ca2+-independent, therefore independent from granule exocytosis, and independent of Fas/FasL interaction 

or TNF. iNK cells seem to be able to mediate TRAIL-dependent cytotoxicity. Taking this into account, the 

enhanced presence of iNK cells after 5-AzaC treatment in vivo might also have enhanced GvL effects by 

direct TRAIL-dependent iNK cell-mediated cytotoxicity. 

HuNSG mice provide the basis for multiple complex cell-cell interactions. Besides the differences observed 

in NK cell differentiation also other cell compartments or interaction partners of NK cells might have 

contributed to the increased GvL effect upon 5-AzaC treatment. In this sense mature DCs were shown to 

display varied cytokine expression and properties upon 5-AzaC treatment in vitro (Frikeche et al., 2011). 

Furthermore, it was shown in a B16-melanoma model that low-dose 5-AzadC increases macrophage 

cytotoxicity, M 1 polarization, DC activation and reduced the number of myeloid-derived suppressor cells 

(Triozzi et al., 2012).  Polarization of macrophages towards M1 can induce tumoricidal activity and prevent 

polarization to tumor-promoting M2-type (Tang et al., 2013). Effects of 5-AzadC and 5-AzaC cannot 

directly be compared, nevertheless 5-AzadC is a metabolite of 5-AzaC and also 5-AzaC treatment might also 

have influenced the myeloid compartment in the huNSG mouse model in this study. Further investigations 

are necessary to clarify the role of myeloid cell subsets. 

Taken together, the present study provides substantial evidence that low-dose 5-AzaC treatment early after 

HSCT leads to a proliferation-dependent increased abundance of immature and mature NK cell subsets. 

Along with this the leukemic burden is reduced. Considering earlier studies using 5-AzaC in so-called 

‘bridging therapies’ early after HSCT, the beneficial anti-leukemic effect in these studies might in part also 

be attributed to enhanced NK cell-mediated GvL effects. Since 5-AzaC was shown to cause little side effects 

(Jabbour et al., 2009; De Lima et al., 2010), 5-AzaC therapy early after HSCT could improve the outcome 

for BCP-ALL patients who are at high risk for relapse. 

 

5.4 Conclusion & Outlook 
This work shows that pediatric BCP-ALL is a target of NK cells in vitro and in vivo. Furthermore, 

optimization of anti-leukemic activity by selecting KIR-KIRL constellations is possible, which will be of 

high clinical interest. KIR-KIRL mismatched expanded NKAES cells displayed a higher cytotoxicity in a 

human-murine xenotransplant model of adoptive transfer as compared to KIR-KIRL matched NKAES cells. 

Sorting experiments, KIR blockade and subset analyses showed substantial functional differences of certain 

NK cell subsets and as such substantiate the superior anti-leukemic activity of KIR-KIRL mismatched NK 

cells towards BCP-ALL. These analyses provide the basis for innovative clinical adoptive NK cell transfer 

strategies for relapsing BCP-ALL patients. 

Manipulation of the KIR-KIRL axis by 5-AzaC treatment of mature NK cells led to changes in receptor 

expression patterns, but decreased in vitro cytotoxicity. However, this work provides evidence that low dose 

5-AzaC treatment early after HSCT interestingly does not increase KIR expression in a huNSG mouse model 
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but nevertheless increases GvL effects. The increased GvL effect can presumably be attributed to increased 

proliferation of immature and mature NK cell subsets resulting in a marked rise in these cell populations. In 

this regard, more basic research is envisaged such as methylome and transcriptome analyses that would 

identify transcription factors that are modulated in response to 5-AzaC exposure.  

As a consequence of these data pediatric BCP-ALL patients with high risk features (such as remission 

induction failure or high MRD load) should benefit from HSCT and early low dose 5-AzaC treatment. These 

strategies could be a promising approach in addition or as alternative to other novel concepts as in vitro 

IL-15 pretreatment of the graft (Pfeiffer et al., 2012), KIR haplotype donor selection (Oevermann et al., 

2014) or bispecific antibodies (e.g. Bargou et al., 2008). 
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6 SUPPLEMENTS 
6.1 Supplemental figures 
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Suppl. Fig. 1 (previous page): Receptor expression of selected NKAES cell donors. Expression of selected receptors 

(NKp30, NKp44, NKp46, NKG2D, LFA-1, NKG2A, DNAM-1, 2B4, CD158a/h/I, CD158b1/b2/j, CD158e) of NKAES 

cells from donors SNK13-15B, SNK20B, SNK21BC, SNK9A and SNK10P is shown as determined by flow cytometric 

analysis. Grey, filled: isotype; black line: specific antibody staining. For KIR staining the following clones were used: 

HP-3E4 (CD158a/h/i), Gl183 (CD158b1/b2/j) and Dx9 (CD158e), for others please refer section 3.3. (A) Phenotype 

data for experiments shown in Fig. 7, Fig. 8, Fig. 9, Fig. 14, Fig. 15, and SNK9A for Fig. 13, and Fig. 16. (B) 

phenotype data from NKAES cells that were expanded separately for the data shown in Fig. 13, and Fig. 16. Note that 

receptor expression differs to a certain extent, especially for Nkp44, LFA-1 and NKG2A (Kübler et al., 2014)i. 

 

 
Suppl. Fig. 2: Phenotypical characterization of HLA class I, ICAM-1, NKG2D-L, CD112 and CD155 on selected 
primary pediatric leukemia samples. Flow cytometric characterization of important molecules recognized by NK 
cells on the primary pediatric leukemia samples P18R, P3B, P3B relapse, P23T and P31G. Pan-NKG2D-L staining was 
performed using a cocktail of anti-MICA, anti-MICB and anti-ULBP1-3 antibodies, HLA class I with clone W6/32; for 
others, please refer section 3.3. Grey, filled: isotype; black line: specific antibody staining (Kübler et al., 2014)i. 
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Suppl. Fig. 3: Exemplary gating strategy for blast detection from huNSG mice. Shown is the hierarchical gating 
strategy for the 5-AzaC in vivo experiment shown in Fig. 23 by polychromatic flow cytometry using pre-defined CD 
molecules. (A) Exemplary bone marrow sample from a 5-AzaC untreated huNSG where leukemic cells were injected, 
(B) exemplary bone marrow sample from a 5-AzaC-treated huNSG that received leukemic cells. The approach shows 
the exclusion of murine hematopoietic cells and exclusion of non-malignant cells (C). 
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Suppl. Fig. 4: Exemplary gating of bone marrow-residing NK cell precursors. Gating strategy to identify NK cell 
precursors in huNSG mice (data shown in Fig. 24). (A) Hierarchical multicolour flow cytometric gating strategy to 
identify the following subsets in a 5-AzaC untreated huNSG (#592): preNK cells: CD34+CD117+, iNK cells: CD34-

CD117lowCD94-, CD94+ mNK cells: CD34-CD117-CD94+NKp46+, CD94- mNK cells: CD34-CD117-CD94-NKp46+). 
(B) exemplary plot from a 5-AzaC treated huNSG (#593), showing an increased abundance of preNK and iNK cell 
precursors compared to untreated huNSG shown in (A).  

doublet exclusion,
FSC/SSC gating,
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B
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6.2 Supplemental tables 
Suppl. Table 1: HLA class I genotype of NK cell donors (SNK), stem cell donors (SSC), and leukemias (P). Shown is HLA-typing data and the resulting HLA-determined KIRL 
assignment. HLA class I genotyping was performed at 4-digit resolution by sequence-based typing (SBT), except for P23T which was determined at 4-digit resolution by sequence-
specific primer typing (SSP). * Only P18R HLA-typing was determined in 2-digit resolution (Kübler et al., 2014)i. 

 HLA-A allele KIRL  HLA-B allele Supertypic specificity / KIRL HLA-C allele KIRL 

SNK9A 01:01 33:03 - - 15:25 55:01 Bw6 Bw6 03:03 07:01 C1 C1 

SNK10P 01:01 02:01 - - 08:01 40:01 Bw6 Bw6 07:01 03:04 C1 C1 

SNK21BC 02:01 03:01 - A3 07:02 08:01 Bw6 Bw6 07:02 07:01 C1 C1 

SNK13B 02:01 24:02 - Bw4 27:05 44:02 Bw4-80T Bw4-80T 02:02 05:01 C2 C2 

SNK14B 02:01 32:02 - Bw4 27:02 44:02 Bw4-80I Bw4-80T 02:02 05:01 C2 C2 

SNK15B 02:01 31:01 - - 27:05 44:02 Bw4-80T Bw4-80T 02:02 05:01 C2 C2 

SNK20B 02:01 03:01 - A3 51:01 51:05 Bw4-80I Bw4-80I 04:01 05:01 C2 C2 

SSC18U 23:01 34:02 Bw4 - 44:03 44:03 Bw4-80T Bw4-80T 04:01 07:01 C2 C1 

SSC52G 02:01 02:01 - - 15:01 18:01 Bw6 Bw6 01:02 07:01 C1 C1 

P18R* 01 02 - - 08 40 Bw6 Bw6 07 03 C1 C1 

P3B relapse 02:01 26:01 - - 18:03 14:14 Bw6 Bw6 07:01 08:02 C1 C1 

P23T 24:02 24:02 Bw4 Bw4 49:01 51:01 Bw4-80I Bw4-80I 02:02 07:01 C2 C1 

P31G 03:01 03:01 A3 A3 27:05 35:01 Bw4-80T Bw6 02:02 04:01 C2 C2 

Nalm-16 30:01 - - - 44:02 - Bw4-80T - 07:04 - C1 - 

Kasumi-1 26:01 26:02 - - 40:06 48:01 Bw6 Bw6 03:03 08:01 C1 C1 
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Suppl. Table 2: KIR repertoire of NK cell donors (SNK) and stem cell donors (SSC). Shown is the KIR DNA genotype and KIR RNA expression as determined by Q-(RT)-PCR, 
and KIR3DL1 surface expression of donors included in this work. The B-content score, KIR genotype group and the centromeric and telomeric gene content motif were assessed as 
described by (Cooley et al., 2010).* indicates KIR DNA genotype (Q-PCR), ° indicates KIR RNA expression (Q-RT-PCR) and # indicates 3DL1 protein expression (flow cytometry, 
clone DX9). ■ = present, □ = absent, ND = not determined. (+): very weak, +: low, ++: positive, +++: strong and -: absent expression (Kübler et al., 2014)i. 

 

B-
content 
score 

KIR 
Geno-
type 

Cen Tel 
2DL1 2DL2 2DL3 2DL4 2DL5 3DL1 3DL2 3DL3 2DS1 2DS2 2DS3 2DS4 2DS5 3DS1 

* ° * ° * ° * ° * ° * ° # * ° * ° * ° * ° * ° * ° * ° * ° 

SNK9A 2 B/x A/B A/B 
            

+ 
                

SNK10P 0 A/A A/A A/A 
            

+ 
                

SNK21BC 1 B/x A/B A/A 
            

++ 
                

SNK13B 2 B/x A/B A/B 
            

- 
                

SNK14B 1 B/x A/B A/A 
            

++ 
                

SNK15B 0 A/A A/A A/A 
            

+ 
                

SNK20B 1 B/x A/B A/A 
            

++ 
                

SSC18U 0 A/A A/A A/A 
            

(+) 
                

SSC52G 1 B/x A/B A/A 
 

ND 
 

ND 
 

ND 
 

ND 
 

ND 
 

ND - 
 

ND 
 

ND 
 

ND 
 

ND 
 

ND 
 

ND 
 

ND 
 

ND 
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