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Early Hematopoietic Zinc Finger Protein Prevents Tumor Cell
Recognition by Natural Killer Cells1

Rosanna La Rocca,2* Mariateresa Fulciniti,2* Tadepally Lakshmikanth,*¶ Maria Mesuraca,*
Talib Hassan Ali,* Valerio Mazzei,* Nicola Amodio,* Lucio Catalano,† Bruno Rotoli,†

Ouathek Ouerfelli,‡ Michele Grieco,* Elio Gulletta,* Heather M. Bond,* Giovanni Morrone,*
Soldano Ferrone,§ and Ennio Carbone3*

Early hematopoietic zinc finger/zinc finger protein 521 (EHZF/ZNF521) is a novel zinc finger protein expressed in hematopoietic
stem and progenitor cells and is down-regulated during their differentiation. Its transcript is also abundant in some hematopoietic
malignancies. Analysis of the changes in the antigenic profile of cells transfected with EHZF cDNA revealed up-regulation of HLA
class I cell surface expression. This phenotypic change was associated with an increased level of HLA class I H chain, in absence
of detectable changes in the expression of other Ag-processing machinery components. Enhanced resistance of target cells to NK
cell-mediated cytotoxicity was induced by enforced expression of EHZF in the cervical carcinoma cell line HeLa and in the B
lymphoblastoid cell line IM9. Preincubation of transfected cells with HLA class I Ag-specific mAb restored target cell susceptibility
to NK cell-mediated lysis, indicating a specific role for HLA class I Ag up-regulation in the NK resistance induced by EHZF. A
potential clinical significance of these findings is further suggested by the inverse correlation between EHZF and MHC class I
expression levels, and autologous NK susceptibility of freshly explanted multiple myeloma cells. The Journal of Immunology,
2009, 182: 4529–4537.

T he early hematopoietic zinc finger (EHZF)4 zinc finger
protein 521 (EHZF/ZNF521) was identified in a compar-
ative analysis of the transcriptional profile of human

CD34� hematopoietic progenitors and mature peripheral blood
leukocytes (1). EHZF is highly expressed in human stem and pro-
genitors cells and is down-regulated during their differentiation
(see references in Refs. 1, 2). EHZF inhibits the activity of early B
cell factor, a transcription factor essential for specification of the B
cell lineage. EHZF is likely to play a relevant role in the control of
human hematopoiesis (1) and is frequently expressed in hemato-

poietic malignant cells. Interestingly high levels of EHZF tran-
scripts have been found in over 50% of acute myelogenous leu-
kemia cases, but in only 2–5% of the B cell acute lymphoblastic
leukemia (ALL) cases analyzed (1, 2). The deregulation of EHZF
expression or function in leukemic cells may play an important
role in their in vivo growth or survival because Mullighan et al. (3)
have recently described a translocation resulting in the fusion of
the PAX5 gene with EHZF/ZNF521 gene in one case of B
cell-progenitor ALL.

NK cells recognize hematological tumors, e.g., acute myeloid
leukemic and multiple myeloma (MM) cells (4–7) as well as nor-
mal B cells of which they have been reported to regulate activation
and differentiation (8). Other hematopoietic-derived cells like den-
dritic cells can stimulate NK cells (9). The B cell membrane-as-
sociated proteins CD40 and CD1 regulate NK cell cytotoxicity
(10–12). Furthermore, NK cells are specifically activated after
bone marrow grafting but not after grafting of other tissues (13).
NK cells localize in lymph nodes and spleen, mainly in B cell
follicles and in the marginal zone (14). Blood, spleen, and bone
marrow are the anatomical districts where the highest number and
activity of NK cells are present.

NK cells are cytotoxic and cytokine-producing lymphocytes,
which play a role in the immune defense against viral infections
and tumors (15). Their homeostasis is regulated by cytokines and
membrane associated receptors able to inhibit or activate cellular
programs (16, 17). The MHC class I recognizing inhibitory recep-
tors are well characterized, as extensively reviewed elsewhere
(18). Triggering of NK cells depends largely on NKG2D, the NK
cell receptor group 2 member D of the lectin like receptor family,
and natural cytotoxicity receptors NKp30, NKp44, and NKp46.
Natural cytotoxicity receptors are involved in the recognition of
cells, although their ligands remain elusive (19, 20). NKG2D rec-
ognizes the MHC class I chain-related (MIC) protein A (MICA)
and MICB; both are nonclassical MHC class I molecules (21, 22).
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MIC proteins are expressed during virus infection or cell transfor-
mation. The UL16-binding proteins (ULBP)1–3 (or RAE-1 pro-
teins) are the second group of NKG2D ligands in humans (23);
DNAM-1 is a recently defined main NK cell-activating receptor
recognizing molecules involved in cell adhesion (24).

In preliminary studies aimed at identifying changes in cell sur-
face antigenic profile induced by EHZF/ZNF521, we observed a
significant up-regulation of HLA class I expression. Because HLA
class I Ags are known to inhibit NK cell activation, in this study
we have investigated whether NK cell-tumor cell interactions
could be affected by EHZF expression. Our results demonstrate
that enforced expression of EHZF results in inhibition of NK rec-
ognition in hematopoietic and nonhematopoietic cell lines, and that
expression of EHZF in primary MM cells is associated to high
HLA class I expression and low susceptibility to NK-mediated
lysis.

Materials and Methods
Cells

The cervical carcinoma cell line HeLa, the human embryonic kidney cell
line 293T, and the monkey kidney cell line COS-7 were maintained in
DMEM (Invitrogen). The B lymphoblastoid cell line IM9 derived from a
MM patient was maintained in RPMI 1640 medium. All cell lines were
grown at 37°C in a humidified 5% CO2 atmosphere, in medium containing
10% FBS, penicillin (100 IU/ml), and streptomycin (100 �g/ml)
(Invitrogen).

NK cells were isolated from PBMC, obtained from healthy donors’
buffy coats by Ficoll-Paque (Biochrom) density gradient centrifugation,
using the NK Cell Isolation kit and VarioMACS for the depletion of
non-NK cells (Miltenyi Biotec) according to the manufacturer’s recom-
mendations. NK cell purity was at least 95%. NK cells were resuspended
in RPMI 1640 medium supplemented with 10% FBS, 3% human serum,
penicillin (100 IU/ml), and streptomycin (100 �g/ml).

Patient recruitment

Six patients with cytologic and histologic diagnosis of MM were investi-
gated in this study. The patients were treated at the Hematology Clinic of
the University of Naples “Federico II” Medical School. All patients gave
informed consent, according to the ethical regulations of our institutions
and the Declaration of Helsinki. Bone marrow-derived CD38�CD138�

plasma cells were detected by direct immunofluorescence and FACS anal-
ysis using the anti-CD38 FITC or anti-CD138 PE directly conjugated
mAbs (clones HB-7 and BB-4; BD Biosciences) gating on CD38bright or on
CD38�/CD138� cells. The immunophenotype of myeloma cells was ob-
tained by double staining of either CD38bright or CD38�/CD138� cells
with the appropriate mAbs. To normalize the number of myeloma cells
among the different patients, mononuclear cells were cultured for 48 h in
the presence of human recombinant IL-6 (10 ng/ml; PeproTech). The IL-6
treatment yielded a specific CD38�CD138� tumor cell proliferation; there-
fore, in each ex vivo cytotoxicity experiment CD38�CD138� myeloma
target cells were always 95–100% of the labeled target cells. Myeloma
cells were purified with immunomagnetic beads using the CD138 purifi-
cation kit (Miltenyi Biotec).

Plasmid construction

The EHZF/ZNF521 full-length sequence, contained in the p3xFlag-
CMV7.1 expression vector (1), was subcloned by restriction and ligation in
frame with expression of GFP (EGFP) in the pEGFPN1 vector to obtain the
fusion protein Flag-EHZF-EGFP. The lentiviral vector FUGW, where
EGFP is driven by the ubiquitin C promoter, was provided by Dr. D.
Baltimore (CIT, Pasadena, CA). The vector was modified by replacing the
cDNA encoding EGFP with a fragment comprising the multiple cloning
sites, the internal ribosomal entry sequence, and the cDNA encoding EGFP
was excised from the plasmid pIRES2-EGFP (BD Biosciences). In the
resulting vector, termed FUIGW, the ubiquitin C promoter directs the tran-
scription of a bicistronic mRNA thereby allowing the simultaneous ex-
pression of the transgene and of EGFP. The cDNA encoding 3xFLAG-
EHZF was subcloned in the XbaI and BamHI restriction sites of this
plasmid, to generate the lentiviral vector designated FUIGW-EHZF.

To silence the endogenous EHZF gene, small interfering RNAs com-
plementary to diverse target sequences within the EHZF mRNA were de-
signed and validated in cotransfection assays (data not shown). Among the
small interfering RNAs tested, one (H11: GCUAAAGAUAGUAAUG

CATT) was selected to design an oligonucleotide encoding the correspond-
ing short hairpin RNA (shRNA) that was inserted in the pSUPER shRNA
expression vector (OligoEngine) according to the manufacturer’s instruc-
tions. The RNA interference cassette including the H1 promoter and the
shRNA sequence was subsequently excised from the resulting vector, des-
ignated pSuper-H11, and inserted in the FG-12 lentiviral vector (25), pro-
vided by Dr. D. Baltimore (CIT, Pasadena, CA), that carries the EGFP
cDNA under the transcriptional control of the ubiquitin C promoter. The
vector thus obtained, FG-12-H11, was used as an alternative to pSuper to
knockdown EHZF expression in some of the experiments described below.

Transfection and transduction of cells

Transfection of HeLa cells (1.0 � 107 cells) was conducted using the
calcium phosphate precipitation method; the total amount of transfected
DNA was 10 �g per 100-mm plate, and an empty plasmid was cotrans-
fected to achieve this amount. 293T cells (3–5 � 106 cells) were trans-
fected with a pEGFP-C1 plasmid (BD Biosciences) as an internal control
and either void vector pSUPER or pSUPER-H11 were used.

For transductions, lentiviruses were generated by transient cotransfec-
tion of the packaging cell line 293T with 13 �g of Flag-EHZF-FUIGW or
FG-12-H11, 12 �g of pCMV-VSVG, and 18 �g of pCMV-deltaR8–91
vectors, by calcium phosphate precipitation. Following 48 h of incubation
at 37°C, the 293T cell supernatant was collected, filtered through a
0.45-�m filter, and applied to the target cells (5 � 105 cells) in the presence
of polybrene (8 �g/ml) at 12-h intervals for three consecutive transduction
rounds. The efficiency of the transduction was estimated by flow cytometry
based on the expression of the GFP, using a FACSCalibur (BD Bio-
sciences). The expression of Flag-EHZF was shown by Western blotting
using the M2 anti-Flag-HRP mAb (Sigma-Aldrich). Expression of GFP-
positive single clones was isolated by methylcellulose cloning.

Flow cytometry

In the indirect staining experiments, cells were incubated with the appro-
priate mAb followed by PE-conjugated goat anti-mouse IgG Abs (Jackson
ImmunoResearch Laboratories). In all experiments, as a first step, cells
were preincubated with human serum for 15 min, and isotype-matched
controls were used to set up the negative values. Samples were analyzed by
FACSCalibur flow cytometer (BD Biosciences). For the indirect immuno-
fluorescence assays, the following Abs were used for surface expression
staining of glycoproteins: the mouse mAbs W6/32, directed against �2-
microglobulin (�2M)-associated HLA-A, HLA-B, HLA-C, HLA-E, and
HLA-G H chains (Cymbus Biotechnology); mAb HCA-2, which recog-
nizes �2M-free HLA-A (excluding H-A24), HLA-B7301, and HLA-G H
chains, the ICAM-1-specific mAb VF 27-516.1, the MICA-specific mAb
BAM 195 (26), the MICA/B-specific mAb 6D4, and the ULBP-specific
mAbs are ULBP1 mAb M295, ULBP2 mAb M310, ULBP3 mAb M550,
and ULBP4 mAb M478, which was a gift from D. Cosman (Amgen). The
PVR-specific mAb L95 and Nectin-2-specific mAb L14 were developed
and characterized (27). As isotypic control in masking experiments mAb
TIB200 specific for CD57 was used. R-PE- and FITC-conjugated goat
anti-mouse IgG Abs were purchased from Jackson ImmunoResearch Lab-
oratories and Sigma-Aldrich, respectively.

For intracellular staining cells were fixed in Cytofix and permeabilized
by Cytoperm (BD Biosciences). They were then stained with the specific
mAb followed by PE-conjugated goat anti-mouse IgG Abs (Jackson
ImmunoResearch Laboratories) and analyzed by FACS. The acquired cyt-
ofluorographic data were analyzed using CellQuest software (BD Bio-
sciences). The following Abs were used for intracytoplasmic staining and
were developed and characterized (28): NAMB-1 (�2M) (29), HC-10
(HLA class I H chain) (30, 31), NOB1 (TAP1) and NOB2 (TAP2) (32),
TO-2 (ERp57) (33), TO-3 (tapasin) (33), TO-5 (calnexin) (33), TO-11
(calreticulin) (33), SY-1 (LMP2) (34), HB2 (LMP7) (34), and TO-6
(LMP10) (34). The acquired cytofluorographic data were analyzed using
CellQuest software (BD Biosciences).

Cytotoxicity assay

Cytotoxicity assays were performed either using the fluorescent CFDA
(carboxyfluorescein diacetate; Molecular Probes) NK assay or the classical
51Cr release assay. In CFDA assay, cytotoxicity was analyzed by flow
cytometry using the protocol described by McGinnes et al. (35). Briefly,
target cells were labeled with CFDA. Target cells were mixed with effector
cells at different E:T ratios in 96-well plates. Following 3 h of incubation
at 37°C in a humidified 5% CO2, cells were analyzed by flow cytometry
using FACSCalibur (BD Biosciences). The percentage of specific lysis of
target cells was calculated using the formula (CT � TE)/(CT) � 100,
where CT is mean number of fluorescent target cells in control tubes and
TE is mean number of fluorescent cells in target plus effector tubes.
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In blocking experiments with mAbs, target cells were preincubated for
30 min at room temperature with the HLA class I Ag-specific IgM mAb
A6-136. The CD57-specific IgM mAb TIB200 was used as a control. The
mAbs at the concentration of 10 �g/ml were present in the culture medium
during the whole assay period.

Western blotting

Total extracts were prepared from transfected cells and 20 �g were elec-
trophoresed on 4–12% NuPAGE Novex bis-Tris gradient polyacrylaminde
gels under reducing conditions (Invitrogen) and electroblotted onto nitro-
cellulose. The M2 anti-flag mAb directly conjugated to HRP (Sigma-
Aldrich) was used at 1/10000 dilution. A mouse anti �-tubulin antiserum
(Santa Cruz Biotechnology) was used at 1/1000 dilution and detected with
anti-mouse HRP-conjugated Ab. HRP Abs were detected by chemilumi-
nescence reagent (Santa Cruz Biotechnology).

RT-PCR

cDNA was synthesized from 1 �g of total cellular RNA using SuperScript
II reverse transcriptase (Invitrogen) and 2.5 �M random hexamers (Boe-
hringer-Mannheim. cDNA aliquots were amplified using 0.2 U Taq (Ep-
pendorf Scientific) using the Mastercycler 5331 for up to 40 cycles. The
specific oligonucleotide primers used were the following: GAPDH (for-
ward) CACCATCTTCCAGGAGCGAG, (reverse) TCACGCCACAGTT
TCCCGGA; EHZF (forward) GGTGAAACTTGATATCAATGGCC, (re-
verse) GGAGTTTGGCAGGAGAGTCA; GAPDH was amplified at 58°C
for 24 cycles and EHZF was amplified at 58°C for 40 cycles. Products were
analyzed on 1.2% agarose gels and visualized with ethidium bromide.
Quantitative real-time PCR was performed using Platinum Syber Green
Taq (Invitrogen) and the I Q5 real-time PCR I Cycler (Bio-Rad).

Statistical analyses

Results were reported as mean � SD. Significance level was determined by
Student t test analysis. A value p � 0.05 was considered statistically sig-
nificant. All the reported p values are two sided.

Results
Modulation of cell surface HLA class I Ag levels by EHZF gene
expression

To determine whether EHZF was able to modulate HLA class I
molecules, we analyzed their expression on HeLa cells transfected
with EHZF. In Fig. 1A the EHZF protein expression levels were
measured in HeLa cell lines. HLA class I Ag expression was in-
creased by 25–55% compared with cells transfected with control
vector (Fig. 1C). Similar results were obtained using COS-7 cells
(data not shown).

The increased expression of HLA class I Ag upon EHZF was
selective because no changes were detected in the expression of
the membrane-associated activating ligands for NK cell receptor
tested. In our analysis we included the activating NK cell receptor
ligands MICA, MICB, ULBP1–4, Nectin-2, PVR, and ICAM-1.
The mean � SD of mean fluorescent intensity (MFI) values ob-
tained from six flow cytometry analysis are shown in Table I.
MHC class I, MICA, MICB, ULBP1–4, ICAM-1, PVR, and Nec-
tin-2 were expressed at high levels. However, their expression did
not change significantly in response to EHZF.

To determine whether EHZF up-regulates HLA class I Ag ex-
pression also on B lymphoid cells, the IM9 lymphoid cell line was
stably transduced with the lentiviral vector FUIGW-EHZF that
carries the flag-EHZF cDNA. Two EHZF� IM9 cell clones, cl4
and cl9, expressing different levels of EHZF mRNA, were selected
and analyzed for flag-EHZF protein expression by Western blot-
ting (Fig. 1B). On both cell clones, HLA class I expression was
up-regulated and the extent of this increase correlated with the

FIGURE 1. HLA class I expression on HeLa
and IM9 EHZF-expressing cells. A, HeLa cells
were transfected with either control EGFP vector
(pEGFPN1) or with the vector carrying the
cDNA encoding the fusion protein Flag-EHZF-
EGFP. The efficiency of the transfections was
over 80% as determined by FACS analysis ex-
pression of GFP. Expression of Flag-EHZF was
determined by Western blotting analysis with
anti-flag M2-HRP Ab. The normalization of the
protein input was confirmed by detection of
�-tubulin. B, IM9-EHZF cl4 and IM9-EHZF cl9
clones were isolated from IM9 cells transduced
with EHZF-FUIGW. The levels of EHZF were
monitored by Western blotting analysis of cell
lysates from the two clones. The normalization
of the protein input was confirmed by detection
of the �-tubulin. C, Flow cytometry analysis of
HeLa cells transfected with either control vector
(pEGFP-N1) or EHZF-EGFP. Cell were stained
with HLA class I Ag-specific mAb W6–32 and
mouse PE Ab and gating specifically on the trans-
fected cells expressing GFP. MFI values for HLA
class I expression on EHZF-expressing cells
(EHZF) (f) and controls (�). The level of HLA
class I Ags expression on EHZF-transfected cells
was significantly (p � 0.05) higher that on control
cells. Results are mean of four independent exper-
iments. Error bar represents SD. C and D, IM9-
FUIG, IM9-EHZF-FUIG cl4, and IM9-EHZF-
FUIG cl9 cells were stained with the HLA class I
Ag-specific W6/32 mAb and secondary anti-
mouse-PE Ab. Stained cells were analyzed with a
flow cytometer after gating on the cells expressing
EGFP. MFI of HLA class I in control cells and
EHZF-expressing clones is indicated.
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level of EHZF expression. Consistently the IM9 cl4 cell clone that
produced higher amounts of EHZF also displayed higher expres-
sion of HLA class I molecules than the IM9 cl9 cell clone (Fig.
1D). Based on this observation, we asked whether NK cell recog-
nition of EHZF expressing tumors was affected.

EHZF transfection inhibits tumor cell recognition by NK cells

To test whether EHZF modulates NK cell-target cell interactions,
we transiently transfected the EHZF-EGFP cDNA in HeLa cells,
which do not express EHZF (1) and analyzed their susceptibility to
NK cell-mediated lysis. The transfected cells were over 80% pos-
itive for EGFP by FACS analysis and expressed high levels of
EHZF as detected by Western blotting analysis with anti-flag Ab
(Fig. 1A). Using purified NK cells as effectors in cytotoxicity as-
says, we observed that EHZF inhibited significantly ( p � 0.05) the
lysis of HeLa cells (Fig. 2A); the extent of protection ranged be-
tween 30% and 60% of the control lysis. Similar results were ob-
tained when the experiments were performed using the COS-7 cell
line (data not shown). The correlation among EHZF, MHC class I
expression and decreased NK cell recognition was functionally
confirmed by the differential susceptibility to NK cell-mediated
cytotoxicity of the clones IM9 cl4 and IM9 cl9 (Fig. 2B). Purified
NK cells were used as effectors in these assays. With both target
cells, a reduction in NK-mediated cytotoxicity was observed at low
E:T ratios, but IM9 cl4 cells were less susceptible to lysis com-
pared with IM9 cl9 at all E:T ratios. These results indicate that the
level of EHZF and HLA class I Ags correlates inversely with tar-
get cell susceptibility to NK cell-mediated lysis.

To gain direct evidence that the modulation of NK cell-target
cell interactions by EHZF was mediated by up-regulation of HLA
class I molecules, we asked whether the inhibition of NK-mediated
lysis was abolished by masking HLA class I Ags with a specific
mAb. As shown in Fig. 2C, incubation with the HLA class I mask-
ing mAb A6-136 restored almost completely the susceptibility of
EHZF transfected HeLa cells to NK cell-mediated lysis. To further
strengthen the results, a CTL assay was performed using as effec-
tor CTL clone (36–38) and as target cells either the IM9 trans-
duced with the empty vector or with EHZF gene. The results
showed that EHZF expressing targets better were recognized by
the CTL clone (data not shown).

Molecular mechanisms underlying HLA class I Ag
up-regulation by EHZF

The cause-effect relationship between EHZF and HLA class I ex-
pression was further investigated by silencing the EHZF gene us-

ing the RNA interference technology. To this end, a hairpin loop
shRNA (H11) specific for EHZF was designed and inserted in the
FG-12 lentiviral vector. When cotransfected into 293T cells to-
gether with the 3xFlag-EHZF expression vector, FG12-H11 con-
sistently interfered with the expression Flag-EHZF (Fig. 3A) com-
pared with void vector. As an additional control, the EHZF shRNA
was cotransfected with a plasmid carrying a truncated EHZF
cDNA encoding exclusively the C-terminal region of EHZF/

Table I. EHZF regulation of NK cell-activating receptor ligands in
HeLa cells

MFI � SDa

GFPb EHZFc

MHC class I 485 � 64.6 850 � 87.4
MICA 41 � 12 35 � 6
MICA/B 56 � 9 70 � 15
ULBP1 4 � 0.8 5 � 0.5
ULBP2 7 � 0.5 8 � 0.6
ULBP3 4 � 0.3 4 � 0.8
ULBP4 3 � 1 4 � 0.2
ICAM-1 90 � 9 127 � 29
PVR 185 � 71 205 � 76
Nectin-2 72 � 7.7 81 � 15

a Mean of MFI values obtained from six flow cytometry analyses.
b GFP indicates HeLa cells transfected with empty vector.
c EHZF indicates cells transfected with EHZF gene.

FIGURE 2. Reduced susceptibility to NK cell-mediated cytotoxicity
of the HeLa cells transiently transduced with EHZF. A, Resting NK cell
lysis of control (F) and EHZF-expressing (E) HeLa cells. B, NK rec-
ognition efficiency of the EHZF-transduced IM9 cell clones in a func-
tional cytotoxicity assay. Purified resting NK cells were used against
the three cell populations. A significant reduction in NK cell cytotoxic
recognition was observed with IM9 cl4 showing inverse correlation
between EHZF, HLA class I levels and NK susceptibility. C, MHC
class I masking restores NK susceptibility in EHZF-expressing HeLa
cells. A6-136 (IgM) is the anti-HLA-masking Ab. As a control the
anti-CD57 clone TIB200 (IgM; American Type Culture Collection) was
used. Mean percentage NK specific lysis of HeLa-EGFP and HeLa-
EHZF-EGFP is reported. The E:T ratio used was 25:1. Error bar rep-
resents SD. Untreated HeLa transfected with EGFP or EHZF-EGFP,
and the latter cells treated with TIB200 (isotype control mAb) and with
MHC class I (masking Ab) are indicated.
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ZNF521 (EHZF zinc finger 24–30), which lacks the shRNA target
sequence. In this case, no effect was observed.

The 293T cells display detectable expression of EHZF (1).
When these cells were transfected with FG12-H11, a strong con-
comitant reduction of the HLA class I Ag surface levels (Fig. 3B)
and of the EHZF mRNA levels (Fig. 3C) was observed. Moreover,
the shRNA H11-induced modulation of the MHC class I H chain
was highly reproducible and statistically significant, while the
down-regulation of other components of the Ag-processing ma-
chinery (APM): �2M and ERp57 (data not shown) was not statis-
tically significant. The results obtained with TAP1 are shown in
Fig. 3B.

To determine whether EHZF has a differential effect on the ex-
pression of HLA class I gene loci products, their expression was
analyzed by staining EHZF-transduced HeLa and IM9 cl4 cells
with pan HLA-A, pan HLA-B, HLA-A2, A28-specific mAb and
with HLA-Bw6 cross-reacting group-specific mAb. All the HLA
class I allele gene products were up-regulated to a similar extent
(data not shown). Additional experiments investigated whether the
up-regulation of HLA class I Ags by EHZF was associated with
changes in the expression of APM components in EHZF-express-
ing cells. The results of one representative Western blotting ex-
periment, of three which compared APM component expression in
IM9 cl4 and in IM9 mock-transduced cells, are illustrated in
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FIGURE 3. Down-regulation of HLA class I expression in 293T cells
by shRNA mediated EHZF silencing. A, The 293T cells were cotransfected
with an expression plasmid carrying the 3xFlag-EHZF cDNA and either
the pSuper void vector or pSuper-H11, containing the EHZF-specific H11
shRNA. A vector containing a truncated cDNA encoding only the C-ter-
minal portion of EHZF (EHZF-ZF24–30) that does not contain the corre-
sponding shRNA target sequence was used as an additional control. The
levels of EHZF were assayed by Western blotting analysis with the anti-
Flag M2-HRP Ab on nuclear extracts prepared 72 h following transfection.
B, 293T cells transduced with FG12 or FG12-H11 were stained with the
HLA class I Ag-specific mAb W6/32 or with anti TAP1 and with second-
ary anti-mouse-PE Ab. Stained cells were analyzed by flow cytometry
gating specifically on the transfected cells expressing EGFP. Error bar
indicates SD. MFI is shown. C, RNA was isolated from 293T cells 72 h
following transfection with FG12 or FG12-H11. cDNA was synthesized
and amplified in duplicate with specific primers for EHZF (35 cycles) and
for GAPDH (24 cycles). PCR products were analyzed by 1% agarose gel
electrophoresis and ethidium bromide staining. Molecular weight markers
of multiples of 500 bp are in each panel (first lane).

FIGURE 4. Analysis of HLA class I expression and APM components
in IM9 cells. APM components were analyzed comparatively in IM9 trans-
duced with FUIGW control virus and IM9 cl4. A, Expression of trans-
ducted EHZF and HLA class I monoclonal (TP25) is analyzed by Western
blotting. Results show one representative Western blot of three performed.
B, Mean fold increase calculated from the MFI values of three distinct
experiments performed, obtained from permeabilized Flag-EHZF-EGFP
transduced IM9 cl4 stained with HLA class I mAb and APM component-
specific mAbs.
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Fig. 4A. The mean fold increase of the MFI values of three distinct
experiments is reported in Fig. 4B. Significant and reproducible
changes in the HLA class I H chain protein levels were found in
EHZF-expressing IM9 cl4 cells whereas the levels of TAP1,
TAP2, and �2M showed a higher interexperimental variability (see
related SD). Finally the expression of LMP2, LMP7, LMP10,
calnexin, calreticulin, ERp57, and tapasin did not show any sig-
nificant change (Fig. 4B).

EHZF expression correlates with poor NK susceptibility in
lymphoid malignancies

We have previously shown that EHZF is highly expressed in im-
mature hematopoietic progenitors and drastically down-regulated
during hematopoietic cell differentiation (1, 2). Abundant levels of
its transcript are also detected in many acute myelogenous leuke-
mias and in T cell ALLs, suggesting that deregulated expression of
EHZF might play a role in malignant cell growth, survival, or
protection against host’s immune defense. Because ectopic expres-
sion of EHZF results in modulation of HLA class I Ag expression
and of target cell susceptibility to NK cell recognition, we inves-

tigated whether the expression of EHZF is expressed in several cell
lines derived from hematopoietic malignancies. As shown in Fig.
5A, RT-PCR analysis detected EHZF transcripts in three MM cell
lines and one B cell line derived from a diffuse histiocytic lym-
phoma. A direct correlation between EHZF transcript levels and
surface HLA class I expression was observed in three of four cell
lines (Fig. 5, A and B). To further prove the role of EHZF in
regulating MHC class I expression, the EHZF� DHL-4 cells were
transduced either with control lentivirus (DHL-4-FG12) or with
the FG12-H11 (DHL-4-FG12-H11). The measurement of HLA
class I expression showed that DHL-4-FG12 control cells had
readily detectable HLA class I membrane expression while de-
creased levels were observed in DHL-4-FG12-H11 which ex-
pressed the shRNA directed against EHZF (Fig. 5C). FG12-H11
did not modulate NKG2D, DNAM-I and LFA-1 ligands (data not
shown). An inverse correlation between EHZF expression and NK
cell-mediated lysis was observed when healthy donor purified NK
cells were used as effectors against DHL-4-FG12 control and
DHL-4-H11 (shRNA) cell targets: EHZF silencing by shRNA in
the DHL-4-FG12-H11 cells resulted in significantly higher

FIGURE 5. EHZF gene transcript
detection in MM tumor cell lines. A,
Quantitative PCR analysis of EHZF ex-
pression was performed in triplicate in
IM9 and three MM cell lines (OPM-1,
OPM-2, and OGMY-5) and in the
DHL-4 B cell line from diffuse lym-
phoma as described in Materials and
Methods. The expression of EHZF thresh-
old cycle (CT) is calculated relative to IM9
�CT normalized for GAPDH. B, Flow cy-
tometric analysis of HLA class I expres-
sion in each panel. Cell surface levels of
HLA class I were assessed by indirect
staining for HLA class I using W6/32
mAb followed by secondary staining with
FITC-conjugated anti-mouse Ig (filled his-
togram). Controls were incubated only
with FITC-conjugated anti-mouse Ig xe-
noantibodies (open histogram). Data were
analyzed with the CellQuest software (BD
Biosciences). MFI values are indicated. C,
Flow cytometric analysis of HLA class I
expression on DHL-4 transduced with
control FG12 lentivirus (open histo-
gram) and shRNA specific for EHZF,
FG12-H11 (filled histogram). Gating on
cells expressing GFP the MHC class I
molecules expression was measured by
W6/32 mAb staining and by secondary
anti-mouse PE conjugate incubation. D,
Inverse correlation between EHZF lev-
els and NK cell lysis. The susceptibility
of the DHL-4 cell line to NK-mediated
cytotoxicity assays was tested in dupli-
cate by using healthy donor NK cells as
effectors against cells transduced with
control FG12 lentivirus (filled histo-
gram) and FG12-H11 (open histogram).
The percentage of lysis � SD was cal-
culated using the results from three ex-
periments. The statistical significance of
the difference was calculated (�) using
unpaired t test analysis; p � 0.05 was
considered significant.

4534 EHZF/ZNF521 AND NK TUMOR CELL RECOGNITION

 by guest on Septem
ber 6, 2019

http://w
w

w
.jim

m
unol.org/

D
ow

nloaded from
 

http://www.jimmunol.org/


susceptibility to NK cell lysis compared with that of the control
cell line (Fig. 5D). Similar results were obtained using 51Cr cyto-
toxicity release assays (data not shown).

NK cells play an important role in controlling disease progres-
sion in MM (4). Late disease stage MM cells express high levels
of HLA class I Ag on their surface and become resistant to NK

cell-mediated lysis. To ascertain whether the expression of EHZF
correlated with high HLA class I levels and NK cell resistance,
freshly explanted MM cells were purified from patient bone mar-
row aspirates and analyzed for EHZF expression. EHZF mRNA
was undetectable in PBMC cell preparations from all patients (Fig.
6C), consistently with our previous findings (1). In contrast, three
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FIGURE 6. Detection of EHZF gene
transcripts in MM cells obtained from
patient bone marrow aspirates. A and B,
RT-PCR analyses of EHZF expression
performed in duplicate on freshly ex-
planted MM cells from six patients. B,
PBMC (PBL) from a healthy donor and
purified CD34� cells were used as con-
trols. The expression of GAPDH was
analyzed as an internal control. Molec-
ular weight markers of multiples of 500
bp are in each panel (first lane). PBMC
from the patients in C and other patients
(data not shown) were also analyzed and
did not show detectable EHZF expres-
sion. D, Cell surface levels of HLA class
I in patients’ MM cells were assessed by
indirect staining for HLA class I using
W6/32 mAb followed by secondary
staining with FITC-conjugated anti-
mouse Ab (filled histogram). Controls
were incubated only with FITC-conju-
gated secondary Ab (open histogram). As
it can be observed, MFI indicated for each
sample correlates with the levels of EHZF
expression assessed by RT-PCR (A and
B). E, Autologous NK recognition of pri-
mary MM cells expressing different levels
of EHZF. E:T ratios were 25:1, 12:1, 6:1,
3:1 reported, respectively, for patients
MM40, MM06, MM07, MM09.
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of six MM primary cells (patients MM39, MM40, and MM09)
displayed detectable levels of EHZF mRNA. These data were val-
idated using quantitative PCR analysis for patients MM40, MM06,
MM07, and MM09 (data not shown). Representative results are
shown in Fig. 6, A and B. It must be emphasized that in parallel
experiments using 18 melanoma cell lines, we found no detectable
expression of EHZF (data not shown) The correlation among
EHZF transcript levels, MHC class I expression (Fig. 6D) and
autologous NK recognition in myeloma cells was analyzed in four
patients (Fig. 6E). Strikingly, the patient MM40 showing the high-
est expression of EHZF and MHC class I molecules was also re-
sistant to autologous NK recognition. Conversely, myeloma cells
from three patients with no (MM06 and MM07) or low (MM09)
expression of EHZF showed low or heterogenous MHC class I
expression and were highly susceptible to autologous NK cell rec-
ognition and lysis.

Discussion
It is well recognized that abnormalities in HLA class I Ag expres-
sion or function frequently occur in malignant cells, and that MHC
class I defects could potentially affect tumor susceptibility to NK
cell recognition. A number of studies have dissected the defects
leading to HLA class I loss and consequent CTL escape from
tumor cells (28, 39, 40). In specific disease localizations or disease
stages, NK cells could represent a key cytotoxic lymphocyte pop-
ulation, and tumor cell variants expressing high levels of HLA
class I could be selected. In a preliminary functional study we
found that enforced expression of EHZF/ZNF521, a zinc finger
transcription cofactor with a potential regulatory role in the hema-
topoietic system, could induce increased levels of MHC class I
molecules on the cell surface. Therefore we tested whether EHZF
could affect the susceptibility of target cells to NK-mediated cells.
In transient transfection and stable transduction experiments, we
found a consistent reduction in NK cell recognition of EHZF-ex-
pressing targets and a concomitant increase in cell surface expres-
sion of MHC class I molecules.

In recent years, there has been increasing understanding of the
role of the APM in generating peptides to be presented by HLA
class I Ags. This understanding has stimulated interest in the anal-
ysis of APM component expression in malignant lesions (41, 42).
To address the possibility that the HLA class I increase induced by
EHZF could be due to alterations in APM component expression,
intracellular staining experiments were conducted using specific
Abs (33). Our data indicate that the EHZF enhancement effect on
the APM is evident for MHC class I H chain, and an up-regulation
tendency is present for TAP1, TAP2, and �2M. However, for the
latter three APM components a larger interexperimental variation
was observed. At this stage of our study, the interpretation that we
prefer is that EHZF has a prevalent effect of the MHC class I H
chain and does not reduce the other APM components. It is con-
ceivable to assume that the increased availability of H chain can
result in increased amount of membrane associated MHC class I
molecules. Our data demonstrate that EHZF increases the expres-
sion of HLA class I H chain proteins, whereas other surface gly-
coproteins such as the HLA class I-like molecule CD1 (data not
shown), and the activating ligands for natural cytotoxicity recep-
tors, NKG2D, and DNAM-1 were not affected. EHZF expression
was originally found in hematopoietic stem and progenitor cells
(1) and in acute myelogenous leukemias and T cell ALLs (1, 2) (L.
Bullinger, et al., manuscript in preparation). Therefore we asked
whether EHZF could be detected in additional hematopoietic ma-
lignancies such as MM, lymphoma, and melanoma. We analyzed
the expression of EHZF by RT-PCR in four different hematolog-
ical tumor cell lines (three MM and one lymphoma), in 18 mela-

noma cell lines, and in six freshly explanted MM cell preparations
obtained from patient’s bone marrow aspirates. We found that all
hematological tumor cell lines tested had detectable levels of
EHZF, whereas none of the melanoma cell lines analyzed express
transcripts for EHZF. A direct correlation emerged between the
amounts of EHZF mRNA and MHC class I expression levels in
these tumor cell lines (Fig. 5). Using MM primary cell culture, we
confirmed the association between EHZF, HLA class I expression
levels, and autologous NK susceptibility (Fig. 6). In our previous
study on MM, we demonstrated that disease progression is corre-
lated with HLA class I increase, MICA decrease, and NK cell
resistance (4). Data reported suggest that EHZF may be involved
in a novel tumor NK immunosurveillance escape strategy based on
MHC class I up-regulation. A potential role for EHZF in myeloma
prognosis needs to be further addressed by tracking EHZF expres-
sion in PBLs obtained from MM patient’s cohort with intramed-
ullary and extramedullary disease diagnosis or comparing its pres-
ence between monoclonal gammopathy of undetermined
significance and MM patient bone marrow cells. In contrast, the
absence of EHZF expression in melanoma cell lines (data not
shown), a tumor widely reported to have several defects in MHC
class I expression (43) and to be highly susceptible to NK-medi-
ated lysis (44), further complements the MM findings and suggest
that EHZF may indeed be a relevant factor in determining NK
resistance in neoplastic cells by stimulating HLA class I
expression.

Although the molecular mechanisms leading to HLA class I
down-regulation are well known (44, 45), in this study we have
described a new tumor-associated gene able to positively regulate
HLA class I expression. The T cell recognition of EHZF express-
ing hematological malignancies needs further investigative study.
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