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Abstract
The zinc finger transcriptional repressor Gfi-1 has been shown to play a critical role in early
granulopoiesis; however, its role in late neutrophilic development is poorly understood. We report
here that forced expression of a dominant negative Gfi-1 mutant, N382S, resulted in augmented
mRNA levels of eosinophil major basic protein (MBP) in myeloid cells induced with G-CSF to
undergo terminal neutrophilic differentiation. MBP is a cytotoxic protein that is abundantly
expressed in eosinophils, but not in neutrophils. Ectopic expression of MBP inhibited the
proliferation and survival of differentiating myeloid cells in response to G-CSF. Significantly,
while GFI-1 is upregulated during neutrophilic differentiation, it is rapidly downregulated upon
induction of eosinophilic differentiation, which was associated with increased MBP expression.
Knockdown of GFI-1 in eosinophilic cells also led to increased level of MBP mRNA. These
results indicate that Gfi-1 functions to inhibit the expression of MBP and aberrant expression of
MBP as a result of loss of Gfi-1 function may cause premature apoptosis of differentiating
neutrophils. In contrast, the rapid downregulation of Gfi-1 during eosinophilic development may
allow for abundant expression of MBP, a hallmark of eosinophilic differentiation.
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Introduction
The nuclear zinc finger protein Gfi-1 functions mainly as a transcriptional repressor that
regulates the development of multiple hematopoietic lineages, including T and B cells,
granulocytes, macrophages and dendritic cells (1–3). Gfi-1 has also been implicated in the
regulation of hematopoietic stem cell (HSC) self-renewal and survival (4–6). The essential
role of Gfi-1 in granulopoiesis was uncovered by targeted gene knockout studies showing
that Gfi-1−/− mice lacked mature neutrophils and exhibited an expansion of immature
monocyte-like myeloid cells in the bone marrow (BM) and peripheral blood (7–9). Myeloid
precursors from Gfi-1−/− mice are unable to differentiate into mature neutrophils in vitro,
but instead give rise to atypical monocytes. In contrast, overexpression of Gfi-1 accelerates
neutrophilic differentiation at the expense of monocytic differentiation (10, 11). These data
reveal a critical role of Gfi-1 during early myeloid development i.e., promotion of
neutrophilic differentiation in an instructive manner and suppression of the monocytic
development.
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Consistent with its role in granulopoiesis, mutations in GFI-1 have been identified in
patients with severe congenital neutropenia (SCN) (12), a condition characterized by
extremely low neutrophil counts due to a maturation arrest of BM myeloid progenitor cells.
One such GFI-1 mutant, N382S, carries a substitution of serine (S) for the asparagine (N) at
position 382 in the fifth zinc finger (ZF) domain, which abolishes the DNA binding ability
of GFI-1. The N382S mutant has been shown to act in a dominant negative (DN) manner to
inhibit the function of wild type GFI-1 (10, 12). Expression of the DN N382S mutant results
in premature apoptosis of differentiating myeloid 32D cells and a block in granulopoiesis
with augmented monocytic development and a modest increase in cell death in moue Lin-
BM cells (10, 13).

Gfi-1 contains an N-terminal SNAG domain required for transcriptional repression and 6 C-
terminal ZF domains involved in DNA binding and interacting with other transcription
factors. Gfi-1 represses transcription by binding to specific DNA elements containing the
AATC core sequences in the promoters of its target genes (14), including Cebpe and Elane
(Ela2) encoding NE (13, 15, 16). Gfi-1 also directly represses CSF1, a key positive regulator
of monocytic development, such that CSF1 expression is markedly enhanced in the mouse
BM cells deficient for Gfi-1 or expressing the DN N382S mutant, which appears to be
responsible for the expansion of atypical monocytes in Gfi-1 −/− mice (10). However, while
the expression of NE, an early marker of neutrophilic differentiation, is increased in Gfi-1−/
− BM cells, the level of C/EBPε is not or barely increased in Gfi-1−/− or N382S-expressing
BM cells (8, 10), likely due to the fact that Gfi-1−/− or N382S-expressing myeloid
progenitors are blocked at the early stage of neutrophilic differentiation whereas C/EBPε
expression is induced only at the late stage of differentiation. Thus, the role of Gfi-1 in late
neutrophilic development is still poorly understood.

In the present study, we show that Gfi-1 inhibits the expression of eosinophil major basic
protein (MBP), an eosinophil secondary granule protein that is expressed abundantly in
eosinophils and, to a lesser extent in basophils (17). The level of MBP mRNA was
dramatically induced by G-CSF in myeloid cells expressing the DN N382S mutant of Gfi-1.
Overexpression of MBP in myeloid cells caused accelerated apoptosis during G-CSF-
induced terminal neutrophilic differentiation. We also show that GFI-1 was rapidly
downregulated upon induction of eosinophilic differentiation, which was associated with
increased MBP expression. Knockdown of GFI-1 also led to increased level of MBP mRNA
in eosinophilic cells. These data indicate that Gfi-1 may play an important role in late
neutrophilic differentiation, but may be negatively involved in eosinophilic development.

Materials and Methods
Cells

Murine myeloid 32D/GR and L-G cells stably transfected with Gfi1 or the N382S mutant
have been described (18). Cells were grown in RPMI 1640 medium supplemented with 10%
fetal bovine serum (FBS), 10% WEHI-3B cell conditioned media as a crude source of
interleukin-3 (IL-3), 100 μg/ml penicillin and 100 μg/ml streptomycin. The human myeloid
leukemic HL-60 clone 15 cells were purchased from American Type Culture Collection
(ATCC) and maintained in RPMI 1640 medium supplemented with 10% FBS and
antibiotics. Cells were grown in humidified incubator with 37 °C with 5% CO2.

Expression plasmid and stable transfection
The cDNA encoding murine MBP was amplified by reverse transcriptase polymerase chain
reaction (RT-PCR) from G-CSF-stimulated 32D/N382S cells. The MBP cDNA was
sequenced to verify the authenticity and inserted into the GFP-RV vector, which contains an
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internal ribosomal entry sequence (IRES) and the cDNA encoding the humanized green
fluorescent protein (GFP). The resultant expression construct (GFP-RV-MBP) were
electroporated into 32D/GR cells along with pBabe-puro plasmid. Cells were selected in 1
μg/ml puromycin and the surviving cells were subcloned by limiting dilution. GFP-positive
clones were expanded and expression of MBP was confirmed by RT-PCR.

For inducible expression of Gfi-1 and the N382S mutant in 32D/GR cells, the expression
constructs Gfi-1-RV and N382S-RV (13) were digested with Xba I and Bam HI. The DNA
fragment of approximately 2.8 kb, which contained the Gfi-1 (or N283S) cDNA, was
inserted into the expression vector pTRE2hyg (Clontech). 32D/GR cells were electroporated
with pUbiq.irtTA (19) encoding the glucocorticoid/tetracycline-inducible transactivator and
GFP with an IRES, along with pBabe-puro plasmid. Cells were selected in puromycin and
individual clones were obtained. Inducible gene expression upon treatment with 100nM
dexamethasone (Dex) and 1 μg/ml doxycyclin (Dox) was evaluated by luciferase reporter
assay using the pTRE2Hyg-Luc reporter construct (Clontech). A clone with strong inducible
luciferase activity was transfected with pTRE2Hyg-Gfi-1 or pTRE2Hyg-N382S by
electroporation. Stable transfectants were obtained after selection in 1 mg/ml hygromycin.
Expression of Gfi-1 proteins in the transfectants was examined by Western blotting after
Dex/Dox treatment for 24 hours.

Semi-quantitative RT-PCR
Total cellular RNA was isolated using TRIzol reagent (Invitrogen). Two μg of total RNA
was reverse transcribed into cDNA using Oligo (dT)-15 primer (Promega) and AMV reverse
transcriptase (Promega). Two μl of the reverse transcription reaction was then subjected to
PCR amplification using the following primer pairs: 5′-
CAAACTTGACAAGACCCAGGA-3′ and 5′-GGACATCTGGCAGGAAAGAA-3′ for
mouse MBP; 5′-TTCACCACCATGGAGAAGGC-3′ and 5′-
GGCATGGACTGTGGTCATGA-3′ for mouse Gapdh; 5′-
GAAGGTCTCTGGGTGGGATA-3′ and 5′-AGGAGAGGGCAGCTCTGAAC-3′ for
human MBP; 5′-CGACCACTTTGTCAAGCTCA-3′ and 5′-
AGGGGAGATTCAGTGTGGTG-3′ for human GAPDH. PCR products were resolved on
1% agarose gels and visualized by ethidium bromide staining under UV light.

Western blotting analysis
Whole-cell extracts were prepared by lysing the cells in SDS lysing buffer (1% SDS, 50mM
Tris-HCl [pH 7.5], 1% PMSF). Samples were boiled in SDS sample buffer, resolved by
SDS/PAGE, and transfered to Immobilon membranes. The membranes were incubated with
the anti-Gfi1 antibody (N-20) or anti-β-Actin antibody (Santa Cruz, CA), and the reactive
proteins were visualized by enhanced chemiluminescence.

RNA interference
Short hairpin RNA (shRNA) against human GFI-1 cloned into pLKO.1 was purchased from
Open Biosystems (clone TRCN0000020467). Lentiviral particles were produced by co-
transfecting 293T cells with the shRNA construct along with the packaging plasmids (RRE,
RSV and VSVG), using TransIT-LT1 transfection reagent (Mirus Bio). Virus-containing
supernatants were harvested 24 and 48 hours later. HL-60 clone 15 cells were infected with
the viral supernatant in the presence of 8 μg/ml of polybrene and selected in 2 μg/ml
puromycin 48 hours after infection.
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Apoptosis assay
Apoptosis was examined using the Annexin V-PE apoptosis detection kit (BD Biosciences).
Briefly, 0.3 × 106 cells were collected and incubated with Annexin V-PE and 7 amino-
actinomycin (7-AAD). Cells were analyzed by two-color flow cytometry using BD
Cellquest Pro software (Becton Dickinson, San Jose, CA).

Results
Expression of Gfi-1 N382S in 32D/GR and L-G cells leads to up-regulation of MBP mRNA in
response to G-CSF stimulation

Murine myeloid 32D/GR and L-G cells are committed to neutrophilic lineage and
differentiate into mature neutrophils in response to G-CSF, thus recapitulating the G-CSF
response of normal BM myeloid progenitor cells (13, 20, 21). Both cell lines have been used
by others to investigate G-CSF-dependent granulopoiesis (22–26). Unlike Gfi-1−/− or
N382S-expressing BM cells, which develop into atypical monocytes under the influence of
CSF1 signaling, 32D/GR and L-G showed no response to CSF1 (data not shown), making
them uniquely useful for addressing the role of Gfi-1 in late granulocytic development. To
identify novel Gfi-1 target genes involved in G-CSF-induced neutrophilic differentiation, we
compare the gene expression profiles in 32D/GR cells transfected with the empty vector
(32D/Ctr) or the Gfi-1 N382S mutant (32D/N382S) using the Affymetrix oligonucleotide
microarray analysis. Cells were treated with G-CSF for 24 hours prior to extraction of total
RNA for gene expression profiling. The expression of a number of genes was markedly
increased in 32D/N382S cells as compared with 32D/Ctr cells (Table 1).

We previously showed that forced expression of the N382S mutant caused premature
apoptosis and inhibited the proliferation of differentiating 32D/GR cells in response to G-
CSF (13). As MBP (also called bone marrow proteoglycan 2) is a cytotoxic protein, we
further examined MBP expression by semi-quantitative RT-PCR assay. As shown in Fig.
1A, MBP mRNA was not detected in 32D/Ctr and 32D/N382S cells cultured in IL-3-
containing medium. Upon G-CSF stimulation, MBP mRNA was markedly induced in 32D/
N382S cells, but still undetectable in 32D/Ctr cells. To further demonstrate the effect of
expression of the N382S mutant, we examined MBP mRNA levels in L-G cells stably
transfected with the N382S mutant (13). MBP mRNA was undetectable in L-G cells
growing in IL-3-containing medium, but weakly induced by G-CSF (Fig. 1B). Significantly,
MBP mRNA level was markedly augmented in L-G/N382S cells even when the cells were
maintained in IL-3-containing medium and was further induced by G-CSF. Thus,
suppression of Gfi-1 function by the DN N382S mutant led to aberrant expression of MBP
in myeloid cells that are committed to neutrophils.

To demonstrate that the augmented levels of MBP mRNA resulted directly from the
expression of the N382S mutant, we established 32D/GR cells in which the expression of
Gfi-1 or the N382S was induced by addition of dexamethasone (Dex) and doxycycline
(Dox). As shown in Fig. 2A, Gfi-1 proteins were barely detectable in 32D/GR cells in the
absence of Dex/Dox, but induced upon Dex/Dox treatment for 24 hours. Cells were
subsequently treated with G-CSF for 24 hours and then examined for MBP expression. The
level of MBP mRNA was upregulated only in G-CSF-treated 32D/N382S cells that had been
induced to express the N382S mutant, but not Gfi-1 (Fig. 2B). To examine the time course
of MBP induction by G-CSF, we treated 32D/N382S cells with Dex/Dox for 24 hours,
followed by G-CSF stimulation for different times as indicated (Fig. 2C). MBP mRNA was
detected as early as 8 hours and reached maximal level 24 hours after G-CSF stimulation in
32D/N382S cells. These findings indicated that repression of G-CSF-induced MBP
expression by Gfi-1 is dependent on its DNA- binding activity.
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Ectopic expression of MBP inhibited cell proliferation and accelerated apoptosis in
response to G-CSF

To examine the effect of MBP overexpression on cell proliferation and survival, we cloned
the cDNA encoding MBP from G-CSF-treated 32D/N382S cells by RT-PCR. The MBP
cDNA was inserted into GFP-RV retroviral vector and then stably transfected into 32D/GR
cells. GFP-expressing cells were sorted and examined for expression of MBP mRNA by
semi-quantitative RT-PCR (Fig. 3B). Control cells transfected with the empty vector and the
two MBP-expressing clones (32D/MBP) were subsequently cultured in IL-3- or G-CSF-
containing medium, and cell numbers and viabilities were monitored for 7 days. Ectopic
expression of MBP significantly slowed down IL-3-dependent proliferation (Fig. 3A), but
had no significant effect on cell viability (Fig. 3B). Notably, ectopic MBP expression
blocked G-CSF-dependent proliferation and also resulted in significantly reduced cell
viabilities (Fig. 3C and D). We further performed the Annexin V assays to address whether
the reduced viabilities of MBP-expressing cells in response to G-CSF was due to accelerated
apoptosis. Cells were treated with G-CSF for 4 days prior to the Annexin V assays. As
shown in Fig. 4A and B, considerable more MBP-expressing cells stained positive for
Annexin V as compared to control cells. Morphological examination of 32D/MBP cells
cultured in G-CSF for 4 days revealed that a large proportion of cells displayed the features
characteristic of apoptosis including shrinkage of cytoplasm and condensation of nuclei.
Together, these results indicated that MBP inhibited cell proliferation and accelerated
apoptosis in differentiating 32D/GR cells. Thus, aberrant expression of MBP may contribute
to the premature apoptosis of 32D/N382S cells induced to differentiate with G-CSF.

Gfi-1 negatively regulated MBP expression in eosinophilic cells
MBP is abundantly expressed in eosinophils and accounts for 50% of total granule protein
(17). If Gfi-1 inhibits MBP expression, we speculated that Gfi-1 expression might be
downregulated during eosinophilic differentiation. The HL-60 clone 15 cell line is an
eosinophil-committed subline derived from human promyelocytic leukemia cell line HL-60
and has been shown to differentiate into mature eosinophils upon stimulation with IL-5 or n-
butyrate (27, 28). Notably, the MBP protein level in HL-60 clone 15 cells increased during
eosinophil differentiation (28, 29). We treated HL-60 clone 15 cells with n-butyrate to
induce eosinophilic differentiation. Consistent with previous studies, MBP level was
upregulated by n-butyrate treatment (Fig. 5A). Interestingly, in contrast to MBP, the
expression of GFI-1 was markedly downregulated. To directly show that GFI-1
downregualtion led to increased expression of MBP, we knocked down GFI-1 expression in
HL-60 clone 15 cells through lentivirus-mediated delivery of shRNAs against GFI-1. As
shown in Figure 5B, GFI-1 knockdown was associated with dramatically increased MBP
mRNA level in HL60 clone 15 cells. These data implicate GFI-1 as a critical negative
regulator of MBP expression in eosinophils and suggest that GFI-1 downregulation during
eosinophilic differentiation is required for the abundant MBP expression in mature
eosinophils.

Discussion
A number of studies have demonstrated a critical role of Gfi-1 in early granulocytic
differentiation. Gfi-1−/− mice lack mature neutrophils and have increased numbers of
atypical myeloid cells with the characteristics of monocytic lineage (7–9). Murine BM cells
deficient for Gfi-1 or transduced with the DN Gfi-1 N382S are unable to form granulocytic
colonies, but instead give rise to monocytic colonies (8, 10). Monocytic development is
favored over granulocytic differentiation in Gfi-1−/− and N382S-transduced cells at least in
part because Gfi-1-mediaed transcriptional repression of CSF1 is lost in these cells, resulting
in increased expression of CSF1 and CSF1R (8, 10). In contrast, forced expression of Gfi-1
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promotes granulopoiesis and suppresses monocytic development (8, 10). These data indicate
that Gfi-1 instructs neutrophil fate choice at the expense of monocytic development.

Since Gfi-1−/− BM cells fail to undergo terminal neutrophilic differentiation, the role of
Gfi-1 in late granulocytic development remains poorly understood. We previously showed
that forced expression of the N382S mutant resulted in increased expression of C/EBPε in
32D/GR and L-G cells induced to differentiate with G-CSF (13). Elevated levels of C/EBPε,
which is normally expressed in late granulocytes, were also observed in differentiating
myeloid cells derived from Gfi-1+/− mouse BM cells and in neutrophils of a patient with
specific granule deficiency (SGD) that expressed low level of Gfi-1 (16). However, C/EBPε
expression is barely augmented in Gfi-1−/− or N382S-expressing mouse BM cells as these
cells are blocked at early stage of granulocytic differentiation and develop into atypical
monocytes under the influence of enhanced CSF1 signaling (8, 10). Thus, 32D/GR and L-G
cells are uniquely useful for addressing the role of Gfi-1 in late granulocytic development
because they are committed to neutrophilic differentiation and show no CSF1 response.

In this paper, we have demonstrated that Gfi-1 functions to inhibit MBP expression in
myeloid cells. Forced expression of the DN Gfi-1 N382S mutant, defective in DNA binding,
leads to the dramatically increased level of MBP mRNA upon G-CSF stimulation in 32D/
GR cells. In L-G cells, MBP expression is upregulated by the N382S mutant even in the
absence of G-CSF. These data suggest that Gfi-1-mediated inhibition of MBP expression is
dependent on direct DNA binding. In luciferase reporter assays, however, we observed no
significant effects of expression of Gfi-1 or the N382S mutant on the activity of an
approximate 2-kb promoter fragment of Prg-2, which encodes MBP (data not shown). Thus,
it remains to be determined as to whether Gfi-1 directly or indirectly inhibits MBP
expression.

As the most abundant eosinophil cationic protein, MBP is cytotoxic to mammalian cells (17,
30). We previously showed that the N382S mutant induced premature apoptosis of
differentiating 32D/GR and L-G cells. In this paper, we have shown that ectopic expression
of MBP in 32D/GR cells inhibits cell proliferation and accelerates apoptosis during the
process of G-CSF-induced terminal neutrophilic differentiation. Notably, MBP also inhibits
IL-3-dependent cell proliferation, but has no significant effect on survival (Fig. 3A and B).
The mechanism by which MBP inhibits IL-3-stimulated proliferation remains to be
determined; however, the possibility cannot be excluded that MBP overexpression may
slightly inhibit cell survival leading to reduced cell number increase, but the dead cells were
phagocytosed by the living cells and therefore did not significantly affect cell viability.
Irrespectively, our data strongly suggest that MBP upregulation contributes to the inhibitory
effect of the N382S mutant on the proliferation and survival of differentiating myeloid cells.
It is also of note that the N382S mutant appears to have a more profound inhibitory effect on
G-CSF-dependent cell survival than MBP does (13), which is likely because in addition to
upregulation of MBP, the N382S mutant causes deregulated activation of other Gfi-1 target
genes including Cebpe and Elane (12).

The expression of Gfi-1 is increased dramatically with terminal neutrophilic differentiation
(13, 31). Our data suggest that an important function of Gfi-1 during late neutrophilic
development is to prevent the inappropriate activation of certain myeloid-specific genes.
Aberrant activation of these genes such as Prg2, Cebpe and Elane may have a detrimental
effect on cell survival and proliferation in the committed neutrophilic lineage. Notably, even
under the influence of enhanced CSF1 signaling, N382S-expressing mouse BM cells
showed a modest increase in apoptosis after culture in G-CSF for 3 to 4 days (10). Thus,
Gfi-1 not only directs neutrophil fate choice, but also may play a critical role in late
neutrophilic development.
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In contrast to neutrophilic differentiation, the expression of Gfi-1 was rapidly downregulated
during n-butyrate-induced eosinophil differentiation in HL-60 clone 15 cells, which is
associated with increased MBP expression. Furthermore, knockdown of Gfi-1 using the
Gfi-1 shRNA leads to elevated expression of MBP. These data suggest that Gfi-1
downregulation may allow for MBP upregulation in differentiating eosinophils. MBP is
toxic to protozoa, helminthes and bacteria and is, therefore, essential for the function of
eosinophils in defense against parasitic infection and in allergic responses (32). As elevated
expression of MBP is a major hallmark of eosinophilic differentiation (33, 34), it is possible
that Gfi-1 downregulation may be required for normal eosinophilic differentiation. In this
aspect, it is of note that Gfi-1−/− mice, while lacking mature neutrophils, have normal
eosinophil counts, indicating that Gfi-1 is not required for eosinophil differentiation (8).
Further studies are needed to address whether Gfi1 downregulation is essential for
eosinophilic development.
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Fig. 1.
MBP is up-regulated in response to G-CSF in murine myeloid cells expressing the Gfi-1
N382S mutant. 32D/GR (A) and L-G cells (B) transfected with the empty plasmid (Ctr) or
the N382S mutant were left untreated or treated with G-CSF for 24 hours. The expression of
MBP was evaluated by semi-quantitative RT-PCR and compared with that of GAPDH.
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Fig. 2.
MPB is induced by G-CSF upon conditional expression of the N382S mutant. 32D/GR cells
transfected with the empty vector (Ctr) or the Dex/Dox-responsive expression construct for
Gfi-1 or the N382S were treated with Dex/Dox for 24 hours. (A) The expression of Gfi-1
proteins was examined by Western blot analysis. (B) Cells were subsequently stimulated
with G-CSF for 24 hours prior to evaluation of MBP expression by semi-quantitative RT-
PCR. (C) 32D/GR cells conditionally expressing the N382S mutant were left untreated or
treated with Dex/Dox for 24 hour, followed by G-CSF stimulation for the indicated times.
MBP expression was analyzed by semi-quantitative RT-PCR.
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Fig. 3.
Ectopic expression of MBP inhibits cell proliferation and survival. 32D/GR cells were
transfected with the empty vector (Ctr) or MBP. Control cells and two independent clones
(#12 and #14) were subsequently cultured in IL-3 or G-CSF as indicated. Cell numbers (A
and C) and viabilities (B and D) were determined by trypan blue exclusion on the daily basis
for 7 days. The expression of MBP in the two clones was confirmed by semi-quantitative
RT-PCR (inset in B).
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Fig. 4.
Ectopic expression of MBP results in accelerated apoptosis in response to G-CSF. Control
(A) and MBP-expressing (B; pooled clones 12 and 14) 32D/GR cells were cultured in G-
CSF for 4 days and then stained for annexin V and 7AAD. The percentages of annexin V-
positive (early and late apoptotic) cells are indicated. (C) Morphological features of 32D/Ctr
and 32D/MBP cells cultured in G-CSF for 4 days. Wright-Giemsa Stain; original
magnification × 600.
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Fig. 5.
GFI-1 downregulation is associated with increased expression of MBP. (A) HL-60 clone 15
cells were left untreated (Ctr) or treated with 500 μM n-butyrate (NB) for 24 hours. (B)
HL-60 clone 15 cells were infected with the empty lentivirus (Ctr) or the lentivirus
containing the shRNA against GFI-1. The expression of GFI-1 and MBP was examined by
Western blotting and semi-quantitative RT-PCR, respectively.
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Table 1

Increased gene expression in 32D/N382S cells in response to G-CSF*

Gene Accession No. Fold Increase (N382S vs Ctr)

Complement component C3, alpha and beta subunits K02782.1 42.2

Proteoglycan 2, bone marrow NM_008920.1 21.1

Ubiquitin associated domain containing 2 BC024467.1 10.6

Immunoglobulin superfamily, member 6 NM_030691.1 9.8

MHC class I cell surface glycoprotein L22338.1 8.6

Procollagen, type V, alpha 1 NM_015734.1 5.7

Microsomal glutathione S-transferase 1 BC009155.1 4.9

Phosphatidylinositol 3-kinase catalytic delta polypeptide NM_008840.1 4.9

Potassium channel beta 2 subunit U31908.1 4.6

Isocitrate dehydrogenase 1 (NADP+) NM_010497.1 4.6

Eosinophil peroxidase NM_007946.1 4.3

*
Genes showing at least four-fold increase in expression are listed.
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