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with defined genetic markers. HVEM expression was lower 
in cases with FLT3-ITD (p = 0.001, p < 0.001), with muta-
tions in NPM1 (p = 0.001, p < 0.001) or with the combi-
nation of NPM1 mutation and FLT3 wild type (p = 0.049, 
p  =  0.050), while a biallelic mutation in CEBPA corre-
lated positively with higher HVEM expression (p = 0.015, 
p  <  0.001). In a differential gene expression analysis, we 
found 13 genes including HOXA9, MEIS1 and MN1 that 
were closely associated with HVEM expression. Besides, 
four gene sets closely linked to immunity were enriched in 
HVEMhigh samples. Finally, high expression of HVEM was 
associated with a trend toward longer relapse-free survival. 
The results of this study provide new information on the 
potential significance of HVEM in AML.

Keywords  Acute myeloid leukemia (AML) · Herpesvirus 
entry mediator (HVEM) · Costimulation · Immune 
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Abstract  Immune checkpoint molecules are highly rele-
vant as potential prognostic markers and therapeutic targets 
in malignant diseases. HVEM belongs to the TNF receptor 
family and provides stimulatory as well as inhibitory sig-
nals depending on the ligand. Abnormal HVEM expression 
has been described in various malignancies, but the role in 
AML is unknown. Here we report extensive data on HVEM 
surface protein expression analyzed by flow cytometry on 
bone marrow leukemic cells of 169 AML patients at diag-
nosis. An independent cohort of 512 AML patients was 
analyzed for HVEM mRNA expression in bone marrow 
samples by Affymetrix microarrays. Consistently for both 
cohorts and methods, we show that HVEM was differen-
tially expressed and that expression levels were associated 
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RFS	� Relapse-free survival
sAML	� Secondary AML
SCT	� Stem cell transplantation
SFI	� Specific fluorescence intensity
TNFR	� Tumor necrosis factor receptor

Introduction

Herpesvirus entry mediator (HVEM) was originally dis-
covered as the entry route for herpes simplex virus, but 
has since been assigned to the growing number of immune 
checkpoint molecules. It is a member of the tumor necro-
sis factor receptor (TNFR) family and interacts with other 
TNFR (LIGHT, lymphotoxin-α) as well as Ig superfamily 
(BTLA, CD160) molecules, both in trans and in cis posi-
tion [1]. Although it can provide stimulatory (via inter-
action with LIGHT or lymphotoxin-α) [2, 3] as well as 
inhibitory (via interaction with BTLA or CD160) [4] sig-
nals depending on the ligand, its overall inhibitory func-
tion seems to be dominant as demonstrated by studies with 
HVEM knockout mice [5]. Within normal cells, HVEM is 
highly expressed mainly on non-activated B and T lympho-
cytes, but can also be found at more moderate levels on a 
wide range of other hematopoietic (NK cells, monocytes, 
immature dendritic cells) as well as non-hematopoietic 
cells.

Initially, HVEM and its ligands were perceived as 
potential therapeutic targets in autoimmunity and trans-
plant rejection [6]. However, more recently the focus 
shifted toward their significance in tumor immunol-
ogy and immunotherapy. Abnormal expression has been 
described in B cell malignancies [7] and in malignant 
melanoma [8], but recently also in esophageal squamous 
cell cancer [9], hepatocellular carcinoma [10] and colo-
rectal cancer [11]. In contrast, there is little knowledge 
about the role of the HVEM network in myeloid diseases 
such as acute myeloid leukemia (AML). Expression of 
HVEM was found in only one out of seven AML cell lines 
[7] and was generally described to be low in leukemias of 
myeloid origin [12]. Based on the analysis of seven AML 
cell lines, it was speculated that the expression might 
be higher on more mature (FAB type M5) compared to 
immature (FAB type M0–M2) leukemias [13]. Within the 
latter study, HVEM expression was also demonstrated on 
primary AML cells of eight bone marrow (BM) samples, 
albeit at rather low levels.

Here we report data based on flow cytometric HVEM 
surface expression analysis on CD33+ leukemic cells in 
BM samples of 169 AML patients at diagnosis. For an 
independent cohort of 512 AML patients, HVEM mRNA 
expression was analyzed by Affymetrix microarrays, 

also in BM samples from diagnosis. Expression lev-
els were correlated with morphologic, cytogenetic and 
molecular characteristics of the disease and with the 
prognosis of the patients with respect to relapse-free sur-
vival. Besides, differential gene expression analysis and 
gene set enrichment analysis were performed to study 
whether HVEM expression was part of a larger func-
tional context. The results of this study cast new light 
on the potential significance of this coinhibitory mole-
cule as prognostic marker as well as therapeutic target 
in AML.

Subjects and methods

Patient cohorts and routine diagnostics

Surface expression analysis by flow cytometry was done 
on BM samples taken for routine diagnostics at the time 
of diagnosis from 169 AML patients, excluding APL. All 
patients of this cohort were included in the AML registry 
of the German AML Cooperative Group (AML-CG) and 
treated according to their treatment recommendations. 
Patient characteristics are presented in Table  1a. Expres-
sion of mRNA was analyzed by microarray on BM sam-
ples from an independent cohort of 512 patients at the time 
of diagnosis. All patients of this cohort were included in 
the AML-CG 99 trial (NCT00266136). Characteristics 
of these patients are summarized in Table  1b. For both 
cohorts, all patients gave written informed consent for 
scientific workup of the samples. Within clinical routine 
diagnostics, the samples were analyzed morphologically 
for cytogenetic and molecular (mutations in nucleophos-
min = NPM1, internal tandem repeats in Fms-like tyrosine 
kinase 3 = FLT3, mutations in CCAAT/enhancer-binding 
protein alpha  =  CEBPA) aberrations. The AML speci-
mens were classified into morphological subgroups (FAB 
criteria), except for cases of secondary AML (sAML). 
Additionally, patients were assigned to three different risk 
groups (favorable, intermediate, adverse) according to 
cytogenetics (refined Medical Research Council (MRC) 
criteria) [14].

HVEM protein surface expression analysis

BM samples of 169 AML patients at time of diagnosis 
were analyzed by flow cytometry for surface expression of 
HVEM (clone eBioHVEM-122, eBioscience, San Diego, 
CA, USA) on the CD33+/SSClow (clone D3HL60.251, 
Beckman-Coulter, Krefeld, Germany) leukemic cell popu-
lation. Specific fluorescence intensity (SFI) was calcu-
lated by dividing the mean fluorescence intensity (MFI) of 
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the HVEM antibody by the MFI of the respective isotype 
control.

PCR for HVEM mRNA expression analysis

For analysis of the correlation between surface protein 
and mRNA expression of HVEM, 14 patients of the 
protein analysis cohort were chosen for PCR analysis, 
based on the availability of material for mRNA extrac-
tion; 8 of the samples were selected from the low end 
of surface protein expression (SFI between 0.3 and 0.6) 
and 6 from the top end (SFI between 7.1 and 11.0). 
mRNA expression analysis was done by qPCR using the 
Taqman Assay of Life Technologies (Darmstadt, Ger-
many). HVEM expression relative to ABL as housekeep-
ing gene was determined and compared between both 
groups.

HVEM mRNA expression analysis by Affymetrix

BM samples of 512 patients at time of diagnosis were ana-
lyzed using Affymetrix U133A+ B and Affymetrix U133 
Plus2.0 microarrays (Affymetrix, Santa Clara, CA) as 
published previously [15]. The microarray data have been 
deposited in the Gene Expression Omnibus with the acces-
sion number GSE37642. Expression data are presented as 
log2 throughout the study.

Table 1   Characteristics of patients used for protein analysis (a) and 
mRNA analysis (b)

(a) Patients for protein analysis n = 169

Age

 Median (range) 59 (20–92)

Gender, n (%)

 Male 93 (55 %)

 Female 76 (45 %)

FAB, n (%)

 M0 7 (4 %)

 M1 46 (27 %)

 M2 25 (15 %)

 M4 41 (24 %)

 M5 15 (9 %)

 M6 3 (2 %)

 M7 1 (0.6 %)

Cytogenetics, n (%)

 t (8;21) 4 (2 %)

 inv(16)/t(16;16)(p13;q22) 4 (2 %)

 Normal karyotype 90 (53 %)

 t(9;11)(p21-22;q23) or t(11;19)(q23;p13) 5 (3 %)

 Abnormalities not classified as favorable or adverse 20 (12 %)

 Complex karyotype 16 (9 %)

 Other adverse risk abnormalities 20 (12 %)

Cytogenetic risk group, n (%)

 Favorable 8 (5 %)

 Intermediate 115 (68 %)

 Adverse 36 (21 %)

Mutations, n (%)

 NPM1 mut/FLT3 wt (normal karyotype) 30 (18 %)

 NPM1 mut/FLT3-ITD (normal karyotype) 23 (14 %)

 NPM1 wt/FLT3-ITD (normal karyotype) 5 (3 %)

ELN, n (%)

 Favorable 40 (24 %)

 Intermediate 78 (46 %)

 Adverse 40 (24 %)

(b) Patients for RNA analysis n = 512

Age

 Median (range) 58 (18–85)

Gender, n (%)

 Male 257 (50 %)

 Female 255 (50 %)

FAB, n (%)

 M0 21 (4 %)

 M1 98 (19 %)

 M2 127 (25 %)

 M4 106 (21 %)

 M5 56 (11 %)

 M6 18 (4 %)

 M7 3 (0.6 %)

Table 1   continued

(b) Patients for RNA analysis n = 512

Cytogenetics, n (%)

 t (8;21) 30 (6 %)

 inv(16)/t(16;16)(p13;q22) 38 (7 %)

 Normal Karyotype 209 (41 %)

 t(9;11)(p21-22;q23) or t(11;19)(q23;p13) 22 (4 %)

 Abnormalities not classified as favorable or adverse 85 (17 %)

 Complex karyotype 69 (13 %)

 Other adverse risk abnormalities 53 (10 %)

Cytogenetic risk group, n (%)

 Favorable 68 (13 %)

 Intermediate 312 (61 %)

 Adverse 126 (25 %)

Mutations, n (%)

 NPM1 mut/FLT3 wt (normal karyotype) 54 (11 %)

 NPM1 mut/FLT3-ITD (normal karyotype) 54 (11 %)

 NPM1 wt/FLT3-ITD (normal karyotype) 27 (5 %)

ELN, n (%)

 Favorable 143 (28 %)

 Intermediate 222 (43 %)

 Adverse 127 (25 %)
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Differential gene expression analysis by LIMMA 
and GSEA

Gene expression data from the microarray analysis were 
evaluated with respect to differential gene expression for 
the sub-cohort of 275 patients within the mRNA cohort 
that was also used for analysis of relapse-free survival 
(see below). The Linear Models for Microarray Data 
(Limma) package [16] was used to compute differen-
tially regulated genes based on HVEMhigh (n = 69) versus 
HVEMlow (n = 206) groups. To balance gene expression 
data for sensitivity and specificity, we filtered genes for 
an adjusted p value of ≤0.001 and fold change (FC) ≥1. 
Gene set enrichment analysis (GSEA) was performed 
with GSEA software (BROAD Institute, Cambridge, 
MA) to assess significant changes in gene expression 
levels [17]. The GSEA was run with default settings 
and compared with “Signal2Noise” to the “c2.cp.kegg.
v4.0” collection from the Molecular Signatures Database 
MsigDB (http://www.broadinstitute.org/gsea/msigdb/
index.jsp) consisting of 186 gene sets from the KEGG 
pathway database (http://www.genome.jp/kegg/pathway.
html).

Statistical analyses

All results of distribution analyses are presented in box-
and-whisker plots. As interindividual values were not 
distributed normally, differences between groups were 
assessed using the nonparametric two-tailed Mann–
Whitney U test. Relapse-free survival (RFS) was ana-
lyzed within the sub-cohorts of patients that achieved a 
CR and had clinical data available (n =  97 for protein, 
n = 275 for mRNA expression analysis). RFS time was 
measured from the date of diagnosis (protein analysis 
cohort) or the date of CR (mRNA analysis cohort) to 
the date of relapse or death. Patients not known to have 
any of these events at last follow-up or patients under-
going allogeneic stem cell transplantation (SCT) were 
censored, while patients with an allogeneic SCT in 
first CR were analyzed separately (n =  26 for protein, 
n  =  31 for mRNA expression analysis). Survival was 
estimated according to the Kaplan–Meier method. The 
log-rank test was used to assess statistical significance. 
Cox regression was used to assess the association of 
HVEM expression level with RFS. p values < 0.05 were 
considered statistically significant. All analyses were 
calculated with PASW Statistics 21 (SPSS, Chicago, IL, 
USA).

Results

HVEM was differentially expressed between AML 
patients on protein and RNA level

HVEM expression was analyzed for all patients of both 
cohorts (Fig. 1). Expression of HVEM on the protein level 
was quite variable within the 169 samples, with the SFI 
ranging from 0.3 to 11.0. The median SFI for all samples 
was 1.7, but almost a quarter of the samples (40 of 169) 
were completely negative for HVEM (SFI ≤ 1), while the 
highest quartile had an SFI of ≥3.2 (Fig. 1a).

Expression of HVEM on the mRNA level similarly 
proved to be variable between 512 patients. Expression lev-
els ranged from 6.6 to 10.1, with a median of 8.0, and the 
highest quartile had an expression level of ≥8.4 (Fig. 1b).

Correlation between mRNA and protein expression of 
HVEM was tested for 14 samples of the protein analy-
sis cohort. HVEM mRNA expression relative to ABL as 

Fig. 1   Distribution of HVEM expression on leukemic cells of AML 
patients. HVEM surface protein (a) and mRNA (b) expression was 
measured in independent cohorts for 169 and 512 patient samples, 
respectively. Distribution of expression levels is shown

http://www.broadinstitute.org/gsea/msigdb/index.jsp
http://www.broadinstitute.org/gsea/msigdb/index.jsp
http://www.genome.jp/kegg/pathway.html
http://www.genome.jp/kegg/pathway.html
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housekeeping gene was compared between samples with 
low and high HVEM protein expression (Supplementary 
Fig. 1). Median relative HVEM expression in the low SFI 
group was 22.2  %, while it was 92.7  % in the high SFI 
group (p = 0.02).

HVEM expression was independent of sex, age 
and AML morphology

For both cohorts and methods, there was no evidence for an 
association with the sex of the patient or the age at diagnosis 
(data not shown). When correlating protein surface expres-
sion levels with FAB subgroups (Supplementary Fig.  2A), 
we could not confirm the hypothesis that it is higher on 
monocytoid leukemias as represented by AML M5 (n = 15; 
median SFI 1.9; p = 0.556 vs. all other cases) or AML M4/5 
(n =  56; median SFI 1.8; p =  0.377 vs. all other cases). 
Instead, we found slightly increased expression in cases of 
AML M2 (n = 25; median SFI 2.3; p = 0.035).

Similarly, when correlating mRNA expression lev-
els with FAB subgroups (Supplementary Fig.  2B), levels 
in AML M5 (n =  56; median expression  8.0; p =  0.219 
vs. all other cases) or AML M4/5 (n =  162; median 8.0; 
p  =  0.553 vs. all other cases) were not different from 
those of non-monocytoid leukemias. In cases of AML 
M6, expression was lower than the rest (n =  18; median 
7.7; p = 0.010). Taken together, HVEM expression levels 
did not significantly and consistently differ between AMLs 
with different morphology.

HVEM expression was largely independent 
of cytogenetic risk classification

A potential association between HVEM expression lev-
els and cytogenetic risk classification was analyzed (Sup-
plementary Fig.  3). Within the cohort for protein surface 
expression analysis, cytogenetic risk classification accord-
ing to the refined MRC criteria could be done for 159 
patients, and HVEM expression was compared between 
the favorable, intermediate and adverse groups (n  =  8, 
115 and 36, respectively; see Supplementary Fig. 3A). We 
found that patients in the adverse risk group showed a sig-
nificantly higher expression than those in the intermediate 
group (median SFI of 2.1 vs. 1.4; p = 0.015) or than those 
in the favorable and intermediate group combined (median 
SFI of 2.1 vs. 1.5; p = 0.023).

This finding, however, could not be reproduced in the 
mRNA expression analysis. Cytogenetic risk classifica-
tion could be done for 506 patients (n = 68, 312 and 126, 
respectively; see Supplementary Fig. 3B). Median expres-
sion in the adverse risk group was 8.1, which was neither 
higher than that in the intermediate group (p  =  0.454) 

nor in the favorable and intermediate group combined 
(p = 0.936).

HVEM expression was associated with several 
molecular markers

Next, HVEM expression intensity was correlated with sin-
gle molecular aberrations in the leukemic cells (Fig.  2). 
Within the cohort for protein surface expression analysis, 
the mutation status was known for 166 patients in case of 
NPM1 (68 mutated and 98 wild type), for 165 patients in 
case of FLT3-ITD (46 ITD and 119 wild type) and for 88 
patients in case of CEBPA (5 biallelic mutations and 83 
monoallelic mutations or wild type). We found a signifi-
cantly lower expression of HVEM in cases with a mutation 
in NPM1 (median SFI of 1.3 vs. 2.0; p = 0.001; Fig. 2a) 
and in cases of FLT3-ITD (median SFI of 1.2 vs. 1.9; 
p = 0.001; Fig. 2b), but considerably higher expression in 
cases with biallelic mutation in CEBPA (median SFI of 4.4 
vs. 1.3; p = 0.015; Fig. 2c). When the analysis was reduced 
to the cases with normal karyotype, these differences still 
held true for NPM1 (n = 53 and 36; median SFI of 1.3 vs. 
2.6; p =  0.003) and CEBPA (n =  5 and 65; median SFI 
of 4.4 vs. 1.3; p = 0.008), but not for FLT3 (p = 0.285). 
The prognostically favorable subgroup of cases with 
NPM1mut/FLT3wt within the normal karyotype leukemias 
also showed significantly lower expression compared to all 
other cases with normal karyotype (n = 30 and 59; median 
SFI of 1.3 vs. 1.9; p = 0.049).

All of these associations could be confirmed in the sec-
ond patient cohort by mRNA expression analysis. The 
mutation status was known for 287 patients in case of 
NPM1 (116 mutated and 171 wild type), for 502 patients 
in case of FLT3 (124 ITD and 378 wild type) and for 184 
patients in case of CEBPA (10 biallelic mutations and 174 
monoallelic mutations or wild type). We found a signifi-
cantly lower expression of HVEM in cases with a muta-
tion in NPM1 (median expression of 7.8 vs. 8.2; p < 0.001; 
Fig.  2d) and in cases with an FLT3-ITD (median of 7.9 
vs. 8.1; p  <  0.001; Fig.  2e). Again, cases with a biallelic 
mutation in CEBPA showed a considerably higher HVEM 
expression (median of 8.8 vs. 7.9; p < 0.001; Fig. 2f). When 
the analysis was reduced to the cases with normal karyo-
type, these differences held true for all three molecular 
aberrations: NPM1 (n = 108 and 94; median of 7.8 vs. 8.2; 
p < 0.001), FLT-ITD3 (n = 82 and 127; median of 7.9 vs. 
8.1; p < 0.001) and CEBPA (n = 10 and 174; median of 8.8 
vs. 7.9; p < 0.001). The prognostically favorable subgroup 
of cases with NPM1mut/FLT3wt within the normal karyo-
type leukemias also showed significantly lower expression 
compared to all other cases with normal karyotype (n = 54 
and 148; median of 7.8 vs. 8.0; p = 0.050).
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High HVEM expression was significantly associated 
with several single genes implied in AML pathogenesis 
and with immunity‑related pathways

Gene expression data from the microarray analysis were 
studied for 275 patients within the mRNA expression anal-
ysis cohort with complete remission (CR) and clinical data 
available. Based on the expression data described above, 
we compared the smaller group with high HVEM expres-
sion (upper quartile; n =  69) to the larger group with low 
HVEM expression (lower three quartiles; n = 206). Limma 

analysis showed 953 differentially expressed probe sets 
(p  < 0.05). Upregulated expression in the HVEMhigh group 
was seen in 578 probe sets, whereas 375 probe sets showed 
lower expression. Thirteen probe sets were highly significant 
at p ≤ 0.001 and fold change ≥1 (Supplementary Table 1). 
A heat map of the top 13 differentially expressed probe sets 
is shown in Fig. 3a. Remarkably, genes like HOXA9, MEIS1, 
HOXA5 and PBX3, which are already known to have impli-
cations in AML pathogenesis [18–20], showed significant 
downregulation, whereas MN1, a gene that is associated with 
inferior survival in AML [21], was significantly upregulated.

Fig. 2   Association of HVEM 
expression with molecular 
markers. HVEM surface protein 
(a–c) and mRNA (d–f) expres-
sion levels were correlated with 
the mutational status of NPM1 
(a, d), FLT3 (b, e) and CEBPA 
(c, f). Significant and consistent 
differences in expression levels 
were found for all three muta-
tions. *p < 0.05; **p < 0.01; 
***p < 0.001
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To test for an association with gene sets, a GSEA anal-
ysis was performed. Eleven gene sets were enriched in 
the HVEMhigh group at p < 0.05. Four gene sets (primary 
immunodeficiency, hematopoietic cell lineage, leukocyte 
transendothelial migration and natural killer cell-mediated 
cytotoxicity) were enriched at a false discovery rate < 0.25 
(Supplementary Table 2 and Fig. 3B).

High HVEM expression was associated with a trend 
toward better RFS in the ELN intermediate risk groups 
or after allogeneic SCT

Finally, HVEM expression levels were correlated with 
the clinical course of the disease after CR (Fig.  4). Data 
from 97 and 275 patients, respectively, were available for 
analysis of RFS from both cohorts. Patients undergoing 
allogeneic SCT were censored at the time of transplanta-
tion. Based on the expression data described above, we 
compared the smaller group with high HVEM expression 
(upper quartile; n = 24 and n = 69) to the larger group with 
low HVEM expression (lower three quartiles; n = 73 and 
n = 206).

No difference in RFS was found between those two 
groups when all evaluable patients were included. For the 
surface protein analysis cohort, median RFS was 333 and 
420  days, respectively (Fig.  4a); for the mRNA analysis 
cohort, median RFS was 467 and 377 days (Fig.  4b), but 
neither was statistically different between both groups. We 
then specified the analysis to the intermediate risk subgroup 

(intermediate I and intermediate II combined) of patients 
according to the European LeukemiaNet (ELN) criteria, 
which incorporate cytogenetic and molecular genetic data 
about the disease [22]. Within this subgroup of the surface 
protein analysis cohort (n = 50), high expression of HVEM 
correlated with significantly higher RFS (p  =  0.005; 
Fig.  4c). Median RFS in the HVEMhigh group (n  =  12) 
was not reached after 910 days, while it was 279 days in 
the HVEMlow group (n =  38). In contrast, no difference 
was seen in the favorable risk group (n =  8 and n =  24, 
respectively; median RFS of 515 and 584  days, respec-
tively; p =  0.919); the number of patients in the adverse 
risk group was too low for a statistical analysis (n = 9). For 
the intermediate risk patients within the mRNA analysis 
cohort (n = 123), there was a trend toward higher RFS in 
the HVEMhigh group (n = 31; median RFS 267 days) versus 
the HVEMlow group (n =  92; median RFS 226 days), but 
this was not statistically significant (p = 0.417; Fig. 4d).

Finally, we studied the impact of HVEM expression on 
RFS in patients who received an allogeneic SCT in first 
CR. Within the surface protein analysis cohort, 6 patients 
with high HVEM expression were compared to 20 patients 
with low HVEM expression. Median RFS was not reached 
in both groups, but there was a trend toward higher RFS in 
the HVEMhigh group (p = 0.330; Fig. 4e). This trend was 
stronger, although still not significant (p = 0.115; Fig. 4f) 
in the mRNA analysis cohort. Median RFS in the HVEMhigh 
group (n = 7) was not reached after 3588 days; on the other 
hand, it was 987 days in the HVEMlow group (n = 24).

Fig. 3   Association of HVEM expression with single genes implied in 
AML pathogenesis and with immunity-related pathways. Differential 
gene expression between the HVEMhigh and the HVEMlow group was 
analyzed for 275 patients of the mRNA expression analysis cohort. 
a Limma analysis showed 13 probe sets with highly significant 

(p ≤ 0.001 and fold change ≥1) differences for single genes between 
HVEMhigh (dark gray) and HVEMlow (light gray). A heat map of 
the top 13 differentially expressed probe sets is shown. b Gene set 
enrichment analysis resulted in four gene sets enriched in the HVEM-
high group at p < 0.05 and at a false discovery rate <0.25
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Taken together, high HVEM expression was associated 
with a favorable prognosis (statistically significant or by 
trend) in several analyses within both cohorts, particularly 
for the ELN intermediate risk subgroup and after alloge-
neic SCT.

Discussion

HVEM is an extraordinary immune checkpoint molecule 
in several respects: It interacts with members of both the 
TNFR as well as the Ig superfamily, both in trans and in cis 
[1]. Besides, it can provide stimulatory as well as inhibitory 

signals depending on the ligand. In the light of very prom-
ising clinical results with various immune checkpoint 
blockade antibodies (particularly anti-CTLA-4 and anti-
PD1), HVEM and its ligands are increasingly discussed as 
additional important cancer immune evasion molecules and 
new targets to enhance anti-tumor immunity [23].

For esophageal squamous cell carcinoma, it has recently 
been shown that the level of HVEM expression on can-
cer cells was associated with the depth of tumor invasion, 
lymph node metastases and the number of tumor-infiltrat-
ing lymphocytes [9]. HVEM status (high vs. low) was iden-
tified as an independent prognostic marker. Consequently, 
it was demonstrated that HVEM gene silencing provided 

Fig. 4   Association of HVEM expression with prognosis. Patients 
that achieved CR after induction chemotherapy were classified into 
two groups according to HVEM expression level (high: upper quar-
tile; low: lower three quartiles). Relapse-free survival in both groups 

was compared for all evaluable patients (a, b), for all patients in the 
intermediate risk group according to ELN classification (c, d) and for 
all patients with allogeneic SCT in first CR (e, f), both within the pro-
tein analysis cohort (a, c, e) and the mRNA analysis cohort (b, d, f)
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an anti-tumor effect, both in  vitro and in  vivo [9]. Simi-
larly, the identification of prognostic subtypes by HVEM 
expression status as well as possibilities for novel immu-
notherapeutic strategies by targeting the HVEM pathway is 
discussed for other solid tumors [23].

Hematological tumors, such as AML, are especially 
prone to systemic immunotherapy, because leukemic cells 
in the blood and BM are not surrounded by a stroma barrier 
and are thus more easily accessible by the immune cells. 
Besides, initial cytotoxic chemotherapy often succeeds in 
achieving a status of hematological remission with minimal 
residual disease, in which immune responses can be par-
ticularly effective. Therefore, immunotherapeutic strategies 
are highly attractive for post-remission therapy of AML 
[24, 25]. One promising approach is the use of immu-
nomodulatory antibodies directed against inhibitory mol-
ecules on AML blasts, thus unleashing preexisting immune 
responses. Expression of coinhibitory molecules on AML 
cells has been analyzed, and preclinical mouse experiments 
or early clinical trials have given hints to potential effects 
of a CTLA-4 antibody [26, 27], of PD-L1 or PD-L2 anti-
bodies [28, 29] and of Tim-3/galectin-9 blockade [30].

In contrast, very little is known about the role of HVEM 
in AML. There has been no study quantifying HVEM sur-
face protein expression on a larger number of patients. 
Nothing has been reported about an association of HVEM 
expression with cytogenetic or molecular aberrations 
or with other genes and gene sets. And finally, a poten-
tial prognostic impact of HVEM expression has not been 
analyzed.

In our study, we report data based on HVEM sur-
face expression analysis of CD33+ leukemic cells and on 
HVEM mRNA expression analysis in BM samples of two 
large independent patient cohorts at diagnosis each. Both 
methods could be used in parallel, as we were able to prove 
a positive correlation between HVEM protein surface 
expression and HVEM mRNA expression. For the majority 
of comparisons, both datasets revealed remarkably similar 
results, although tested both in different cohorts and with 
different methodologies, strengthening the reliability of the 
association results. These data demonstrate for the first time 
that HVEM is differentially expressed on leukemic cells of 
AML patients. The expression of HVEM was shown to be 
lower in cases with an FLT3-ITD, with mutations in NPM1 
or with the combination of mutated NPM1 and FLT3 wild 
type. In contrast, a biallelic mutation in CEBPA correlated 
positively with higher expression of HVEM.

To address the question whether HVEM expression is part 
of a larger functional context, we extended our gene expres-
sion analysis. A comparison of gene expression profiles 
between samples of the HVEMhigh and the HVEMlow group 
revealed significant differences both on single transcript and 
on pathway level. Interestingly, several genes already known 

to have implications in AML pathogenesis (HOXA9, MEIS1, 
HOXA5 and PBX3) [18–20] showed significant downregu-
lation in the HVEMhigh group, whereas MN1, a gene that is 
associated with inferior survival in AML [21], was signifi-
cantly upregulated. Of the 186 gene sets from the KEGG 
pathway database that were analyzed, an enrichment of four 
pathways related to immunodeficiency, migration, cytotoxic-
ity and hematopoietic cell lineage was revealed. Thus, our 
data suggest a significant association of HVEM expression in 
the pathogenesis of AML and immunoregulation.

Finally, high expression of HVEM was shown to be 
associated with a trend toward favorable prognosis in sev-
eral analyses, particularly for the very heterogeneous group 
of intermediate risk patients and for patients after alloge-
neic SCT. This data suggest the notion that HVEM expres-
sion is a positive prognostic marker in AML.

The mechanism by which interactions of HVEM with 
its various ligands might potentially influence immune 
surveillance and relapse or survival is intriguing. It seems 
surprising at first that overexpression of a predominantly 
inhibitory molecule should correlate with better control 
of residual leukemic cells. However, it has recently been 
suggested that activated CD8+ T cells in the tumor micro-
environment are required for the upregulation of immuno-
suppressive mechanisms (e.g., PD-L1, indoleamine-2,3-di-
oxygenase and regulatory T cells) [31]. Similarly, high 
expression of HVEM might be a reflection of an ongoing 
active immune reaction against the leukemia, which by 
itself could be prognostically favorable. Functional stud-
ies of HVEM interaction in the setting of AML in vitro and 
in vivo will be needed to reveal the functional basis for its 
prognostic impact and to figure out the potential of HVEM 
blockade for immunomodulatory therapy.
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