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Abstract: Hypoxia-inducible factor-1a (HIF-1a) has been identified as an unfavorable prognostic factor in most solid
tumors. However, HIF-1a was suggested to predict improved survival in Western patients with diffuse large B-cell
lymphoma (DLBCL) under rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP)
treatment. We studied HIF-1a protein expression by immunohistochemical staining of 155 paraffin-embedded
specimens from Chinese patients with DLBCL treated with R-CHOP or CHOP. Results were correlated with patient
outcome. HIF-1a expression had no impact on survival for the patients treated with CHOP. In the R-CHOP-treated
group, however, HIF-1a expression was significantly correlated with superior OS and EFS (P = 0.048 and 0.040,
respectively). Moreover, HIF-1a expression maintained independent prognostic value for OS (RR, 0.41; 95% Cl,
0.19-0.92; P = 0.030) and EFS (RR, 0.53; 95% Cl, 0.31-0.90; P = 0.020) when it was adjusted by IPI stratification.
Therefore, HIF-1a expression benefits from R-CHOP in DLBCL.
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Introduction

Hypoxia-inducible factor (HIF)-1 is a heterodi-
mer consisting of an oxygen-sensitive HIF-1a
subunit and a constitutive expressed HIF-13
subunit [1, 2]. HIF-1« is a pivotal transcriptional
factor, controlling the expression of more than
200 hypoxic stress-related genes, which regu-
late a wide range of cellular processes includ-
ing angiogenesis, erythropoiesis, and glycolysis
to maintain O, homeostasis [3-5]. Hypoxia is a
common characteristic of many solid tumors
[6]. HIF-1a can be activated in tumors under
normoxic conditions, as well as hypoxia [7]. HIF-
1o participates in multiple aspects of tumori-
genesis, including differentiation, proliferation,
and metastasis [8]. High HIF-1a expression has

been suggested to be associated with poor
prognosis in most solid tumors [9-18]. However,
HIF-1a expression has also been shown to be
predictive of improved survival in some other
solid tumors such as invasive bladder cancer
[19], head and neck squamous cell carcinoma
[20], and diffuse large B-cell ymphoma (DLBCL)
[24, 22].

DLBCL is a biologically and clinically heteroge-
neous group of lymphomas [23]. Currently,
approximately 40% of patients with DLBCL
experience early treatment failure or eventual
relapse with standard R-CHOP (rituximab, cyclo-
phosphamide, doxorubicin, vincristine, and pre-
dnisone) [24]. For the past few years, the prog-
nostic significance of MYC, BCL2, BCL6, and
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tern DLBCL according to Hans
algorithm [30, 31]. Therefore,
we developed this study to ex-
plore the prognostic impact of
HIF-1a expression in Chinese
patients with DLBCL treated
with R-CHOP.

Materials and methods

We searched the Electronic
Medical Record in the First
Affiliated Hospital of Zhejiang
University School of Medicine
to establish a DLBCL cohort.
A tissue diagnosis of DLBCL
was confirmed by central revi-
ew, based on the 2008 World
Health Organization classifica-
tion. Any tumor with any con-
firmed follicular architecture
was rule out. We also exclud-
ed transformed lymphomas,
HIV-associated  lymphomas
and post-transplant lympho-
mas. All the included cases
received standard R-CHOP/
CHOP, with sufficient clinical
data and adequate formalin-
fixed, paraffin-embedded (FF-
PE) tissues. Finally, a total
of 155 de novo diagnosed
patients with DLBCL between
June 2010 and May 2015
were eligible for the study.
This study was approved by
the institutional review boards
of the First Affiliated Hospital
of Zhejiang University School
of Medicine.

Figure 1. Immunohistochemical staining showing negativity for (A) MYC, (C)
p53, (E) HIF-1a and positivity for (B) MYC, (D) p53, (F) HIF-1a in diffuse large
B-cell ymphomas. All cases are shown at x40 magnification. All staining pat-
terns are distinctly nuclear.

especially their combination has received con-
siderable attention in the context of DLBCL,
particularly treated with R-CHOP [25-29]. HIF-
1, as another biological marker, has also been
evaluated [21, 22]. Unfortunately, the two stud-
ies were both based on Western population. In
fact, DLBCL in China appears to differ from
those in Western countries. Seventy-nine per-
cent of Chinese DLBCL are categorized into
Non-GCB subtype relative to 42% of Wes-
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Immunohistochemistry

Sections were subjected to

standard staining protocols.
Immunohistochemistry with antibodies against
CD10, BCL6, MUM1, and Ki67 had been per-
formed at the time of diagnosis. Immunohi-
stochemistry with antibodies against MYC, p53
and HIF-1ax were done on FFPE sections of 4
um, placed on adhesive-coated slides. Antigen
retrieval was achieved by heat-induced epitope
retrieval methods in a steamer. The slides were
incubated with primary monoclonal antibodies
to MYC (Clone Y69; Abcam, Cambridge, USA;
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Table 1. Patient clinical characteristics based
on HIF-1a expression

HIF-1o* HIF-1oc

Characteristic (n=101) (n=52) P
N (%) N (%)

Age,y

Median (Range) 55 (19-78) 57 (17-72) 0.341
<60 75(74.3) 35(67.3) 0.365
>60 26 (25.7) 17 (32.7)

Stage 0.536
-1 28 (27.7) 12 (23.1)
IH-1v 73(72.3) 40(76.9)

ECOG PS 0.001
0-1 73(72.3) 24 (46.2)
>2 28 (27.7) 28(53.8)

LDH 0.062
Normal 51(50.5) 18 (34.6)
Elevated 50 (49.5) 34 (65.4)

Extranodal sites 0.992
0-1 70 (69.3) 36 (69.2)
>2 31(30.7) 16(30.8)

IPI score 0.002
0-2 65 (64.4) 20(38.5)
3-5 36 (35.6) 32 (61.5)

Abbreviations: DLBCL, diffuse large B-cell ymphoma;
ECOG, Eastern Cooperative Oncology Group; HIF, hypoxia-
inducible factor; IPI, International Prognostic Index; LDH,
lactate dehydrogenase; PS, performance status.

dilution 1:100), p53 (DO-7; Abcam, Shanghai,
China; dilution 1:150) and HIF-1a (EP1215Y; Ab-
cam, Shanghai, China; dilution 1:100) in serum
albumin at 37+1°C for 60 min. Detection was
accomplished with a universal immuno-peroxi-
dase polymer (PV-8000, Anti-Mouse/Rabbit
Immunohistochemical Staining Reagent).

Two experienced hematopathologists evaluat-
ed all the immunohistochemical staining
semiquantitatively in 10% increments irrespec-
tive of staining intensity, without knowledge
of patient outcome. Any disagreements were
resolved by joint review over a multi-headed
microscope. The cutoff values of MYC and p53
were 40% [26-28] and 30% [32], respectively.
HIF-1a was judged as positive if any definitive
staining of lymphoma cells was believed posi-
tive [21]. For statistical convenience, a super-
script signal “+” represented a biomarker
expression of > the cut-point and “-” showed a
biomarker expression of < the cutoff. Figure 1
presented the immunohistochemical staining
of MYC, p53 and HIF-1a.
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Statistical analysis

Subgroups according to patient characteristics
by HIF-1a status were compared using X?-test
and, if necessary, Fisher’'s exact test. X>test
was also used to evaluate the correlation
between HIF-1a and other biomarker expres-
sion. EFS was defined as the time from diagno-
sis to disease progression, start of salvage
treatment, additional (unplanned) treatments,
relapse, or death from any cause. Patients with-
out any incident above at last contact were
treated as censored data for EFS analysis. 0S
was defined as the time from diagnosis to
death of any cause. Patients who were alive at
last contact, were treated as censored data for
OS analysis. EFS and OS were estimated by
Kaplan-Meier method. In univariate survival
analyses, log-rank tests were performed. In
multivariate survival analysis, Cox Proportional
Hazard Model was used. Relative risks (RR)
with 95% confidence intervals (Cls) and P val-
ues were presented. All P values were based on
2-sided tests. The significance level was 0.05.
Statistical analyses were conducted with IBM
SPSS Statistics 20.0.

Results
HIF-1a expression

Of the included 155 cases with DLBCL, two
were excluded because their staining for HIF-1x
was not interpretable, leaving 153 in the final
analysis. Of patients who had elevated HIF-1a
protein expression (101 of 153), 80.1% (81 of
101) had higher (>10% malignant cells) HIF-1a
staining. HIF-la was expressed in 66.3%
(65/98) of patients treated with R-CHOP rela-
tive to 65.5% (36/55) treated with CHOP (P =
0.913). We also determined HIF-1a expression
status according to cell of origin (CO0), on the
basis of the Hans algorithm [33]. HIF-1a was
seen in 72.4% (42/58) of GCB subgroup com-
pared with 62.1% (59/95) of Non-GCB sub-
group (P = 0.913).

As provided in Table 1, the HIF-1a* patients had
similar percentage of stage Ill-IV and at least
two extranodal sites involved compared with
those with HIF-1a ones. The patients with HIF-
1a* were younger and had a lower proportion of
elevated lactate dehydrogenase (LDH) relative
to those with HIF-law (P = not significant).
However, the HIF-1o* patients had significantly
decreased incidence of worse personal status
(PS) and IPI score of 3-5 compared with the
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Table 2. Patient clinical characteristics based
on treatment

R-CHOP CHOP
Characteristic (n=98) (n=55) P

N (%) N (%)

Age,y

Median (Range) 57 (17-78) 52 (18-73) 0.789
<60 70(71.4) 40 (72.7) 0.864
>60 28 (28.6) 15(27.3)

Stage 0.031
-1 20(20.4) 20(36.4)
-1V 78 (79.6) 35 (63.6)

ECOG PS 0.073
0-1 57 (58.2) 40 (72.7)
>2 41 (41.8) 15 (27.3)

LDH 0.279
Normal 41 (41.8) 28(50.9)
Elevated 57 (58.2) 27 (49.1)

Extranodal sites 0.031
0-1 62 (63.3) 44 (80)
>2 36 (36.7) 11 (20)

IPI score 0.065
0-2 49 (50.0) 36 (65.5)
3-5 49 (50.0) 19(34.5)

Abbreviations: DLBCL, diffuse large B-cell ymphoma;
ECOG, Eastern Cooperative. Oncology Group; HIF, hypox-
ia-inducible factor; IPI, International Prognostic Index;
LDH, lactate dehydrogenase; PS, performance status.

HIF-1o patients (P<0.05). Therefore, the HIF-
1ot patients were less serious than the HIF-
1o ones.

As presented in Table 2, the patients treated
with R-CHOP had similar age and LDH distri-
bution to those treated with CHOP (P = not
significant). However, the R-CHOP subgroup
probably had worse PS relative to the CHOP
subgroup (P = 0.073). Moreover, the R-CHOP-
treated patients had a significantly larger per-
centage of stage lll-IV and at least two extrano-
dal sites involved compared with the CHOP-
treated ones (P<0.05). So it was reasonable
that IPI score in the R-CHOP subgroup was
probably higher than that in the CHOP subgroup
(P = 0.065). Therefore, the condition in the
R-CHOP subgroup was probably more serious
compared with that in the CHOP subgroup.

HIF-1a compared with other protein biomark-
ers in the R-CHOP-treated group

Among patients treated with R-CHOP, we
detected whether HIF-1a status was associat-
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Table 3. The expression of HIF-1a compared
with the expression of other biomarkers in
the R-CHOP- treated group

HIF-1a* HIF-1oc

Biomarker
N (%) N (%)

BCL6
Negative 18 (27.7) 7 (21.2) 0.487
Positive 47 (72.3) 26 (78.8)

CD10
Negative 50(76.9) 25(75.8) 0.898
Positive 15 (23.1) 8(24.2)

MUM1
Negative 20 (30.8) 10(30.3) 0.962
Positive 45 (69.2) 23(69.7)

Ki-67
>75% 45 (69.2) 22(66.7) 0.796
<75% 20 (30.8) 11 (33.3)

BCL2
Negative 21 (32.3) 7(21.2) 0.251
Positive 44 (67.7) 26 (78.8)

MYC
Negative 48 (73.8) 20(60.6) 0.179
Positive 17 (26.2) 13 (39.4)

P53
Negative 46 (70.8) 17 (51.5) 0.060
Positive 19 (29.2) 16 (48.5)

ed with the expression of other protein
biomarkers. As presented in Table 3, HIF-1x
status had no association with the expression
of BCL6, CD10, MUM1, Ki-67, BCL2, or MYC
expression. However, it was detected that HIF-
1a expression was marginally negatively asso-
ciated with p53 expression (P = 0.060).

HIF-1a expression and clinical outcome

In univariate analysis, first, we evaluated
the association between HIF-1a expression
and clinical outcome of all patients. With a
median follow-up of 71.53 months (range,
41.93-104.37 months), there was significantly
improved OS and EFS for the patients with
HIF-1a* than those with HIF-1ax (P = 0.048
and 0.040, respectively, Figure 2A and 2B).
Subsequently we investigated the relationship
between HIF-1a expression and survival by
treatment groups. No difference was discov-
ered in OS or EFS among the CHOP-treated
group (Figure 2C and 2D). In the R-CHOP-
treated group, however, HIF-1a expression was
significantly associated with superior OS and
EFS (5-year OS: 81% versus 54%, P = 0.001,

Int J Clin Exp Pathol 2018;11(9):4472-4482



HIF-1a benefits from R-CHOP in DLBCL

A B 100 _m HIFlo
- HIFla*
— 80-
z 5
g ;
t a
2 e
e |
3 3
2 E
>
4 @
@ a0 9 407
T u
@ -
> c
o 2
w
201 20
P=0.048 P=0.040
G T T T T Ll L L o T L Ll L Ll T 1
0 12 24 36 48 60 72 84 0 12 24 36 48 60 72 84
Time (months) Time (months)
C 1009 . — HIFlo D 10007 _ HIF]G:
M HIFla ~MHIFla
80
- = 8007
: 2
- S
H s
e
§_ 607 2 5004
- d
o >
2 s
4 5
35 [
©n 407 @ 4007
b 2
s >
1S 3
>
20 w2004
P=0.302 P=0.849
0 L T T Ll Ll 1 1 0o T T T T T T 1
12 24 36 48 60 72 84 0 12 24 36 48 60 72 84
Time (months) Time (months)
E e _r HIFla F _ HIFla
L —r HIFlo* 1007 M HIFlo®
_ 80 T o= e
£ ]
o t
£ a
o 2
E 60 _& 601
-— e [
w 2
2 \—o— F
5
£ a
0 407 o 4071
E i
s £
o g
20 w 20+
P=0.001 P=0.015
0 T T T T T T 1 o T T T T T T 1
0 12 24 36 48 60 72 84 0 12 24 36 48 60 72 84
Time (months) Time (months)

Figure 2. Overall survival and event-free survival according to HIF-1a* and HIF-1or status. Kaplan-Meier curves of
(A) OS and (B) EFS in 153 patients with diffuse large B-cell ymphoma (DLBCL) showed significantly improved OS
and EFS for the patients with HIF-1a* than those with HIF-1oc (P = 0.048 and 0.040, respectively). Kaplan-Meier
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curves of (C) OS and (D) EFS in 52 patients with DLBCL treated with cyclophosphamide, doxorubicin, oncovin, and
prednisone (CHOP) grouped on the basis of HIF-1a protein expression showed no correlation with HIF-1a protein ex-
pression. Kaplan-Meier curves of (E) OS and (F) EFS in 101 patients with DLBCL grouped on the basis of HIF showed
HIF-1o expression was significantly associated with superior OS and EFS (P = 0.001 and 0.015, respectively).
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Figure 3. Overall survival and event-free survival according to treatment with R-CHOP and CHOP. Kaplan-Meier
curves of (A) 0OS and (B) EFS in patients with HIF-1ac showed no correlation with treatment. Kaplan-Meier curves of
(C) OS in patients with HIF-1a* showed a better OS among the patients treated with R-CHOP than those with CHOP
(P = 0.035). However, Kaplan-Meier curves of (D) EFS did not show an association between EFS and treatment in

HIF-1a* subgroup.

Figure 2E; 5-year EFS: 40% versus 17%; P =
0.015; Figure 2F).

Then, we analyzed survival according to treat-
ment with R-CHOP and CHOP by HIF-1a expres-
sion status. In the HIF-1a subgroup, OS or EFS
did not appear to be influenced by treatment
(Figure 3A and 3B). In contrast, in the HIF-1a*
subgroup, a better OS was observed among the
patients treated with R-CHOP than those with
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CHOP (P = 0.035, Figure 3C). However, we did
not see an association between EFS and treat-
ment (P = 0.251, Figure 3D) possibly because
of small size in HIF-1a* subgroup treated with
CHOP.

Next, we investigated whether the prognostic
value of the HIF-1a status was dependent on
COO in the R-CHOP-treated group. The HIF-1a*
patients had significantly improved OS and EFS

Int J Clin Exp Pathol 2018;11(9):4472-4482
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Figure 4. Overall survival and event-free survival according to HIF-1a status by COO in the R-CHOP treated group.
Kaplan-Meier curves of (A) OS and (B) EFS in GCB subgroup showed that the HIF-1a* patients had significantly im-
proved OS and EFS compared to the HIF-1o ones (P = 0.010 and 0.037, respectively). Kaplan-Meier curves of (C) 0S
and (D) EFS in Non-GCB subgroup showed that HIF-1a expression was significantly associated with OS (P = 0.024)

and marginally correlated with EFS (P = 0.107).

over the HIF-1aw ones within the GCB subgroups
(P = 0.010 and 0.037, respectively, Figure 4A
and 4B). HIF-1a expression was significantly
associated with OS in the non-GCB subgroup (P
= 0.024, Figure 4C) and marginally correlated
with EFS in the Non-GCB subgroup (P = 0.107,
Figure 4D).

Finally, the prognostic significance of HIF-1a
status was adjusted by IPI (O to 2 and 3to 5) in
the R-CHOP-treated group. As a result, HIF-1x
expression maintained independent prognostic
value for OS (RR, 0.41; 95% CI, 0.19-0.92; P =
0.030) and EFS (RR, 0.53; 95% Cl, 0.31-0.90; P
=0.020).
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Discussion

In the present study, we found that high expres-
sion of HIF-1a protein is an independent favor-
able predictor of OS and EFS among patients
with DLBCL treated with R-CHOP, consistent
with prior reports [21, 22]. We also observed an
association within both the GCB and the non-
GCB subtypes of DLBCL. However, Evens et al
[21] did not find a survival difference in the GCB
subtype of DLBCL. Although the reason for the
prognostic value of HIF-la is unclear, some
possible suggested reasons might explain it.

In spite of HIF-1a’s pro-tumorigenic properties,
HIF-1a has also been reported to negatively

Int J Clin Exp Pathol 2018;11(9):4472-4482
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regulate tumor growth. First, HIF-1lx can indi-
rectly induce cell cycle arrest by functionally
counteracting MYC [34]. Second, HIF-1« is able
to induce apoptosis. HIF-1a can induce the
expression of the proapoptotic genes BNIP3
and NIX in a variety of human cancer cell lines.
[35, 36]. Carmeliet et al [8] suggested that
embryonic stem (ES) cells with HIF-1a* might be
more prone to undergoing apoptosis under
hypoxic conditions than ES cells with HIF-1a.
Thirdly, HIF-1o over-expression is able to induce
autophagy. HIF-1a can induce the transcription
of BNIP3 by interacting with HIF response ele-
ment (HRE). BNIP3 is a hypoxia-inducible mem-
ber of the BCL2 superfamily of cell death regu-
lators and plays a key role in regulating hypoxia-
induced autophagy [37].

Despite vascular endothelial growth factor
(VEGF)’s role in tumor angiogenesis, VEGF has
also been reported to play another potential
role in the context of hematolymphoid malig-
nancies [38]. As an autocrine growth factor,
VEGF acts on lymphoma cells directly through
its receptors (VEGFRs). The combination of high
VEGF and VEGFR1 expression has been found
to predict improved survival in patients with
DLBCL [39]. HIF-1a can activate the expression
of VEGF [40]. It has been confirmed that there
is a high concordance between HIF-1 expres-
sion and VEGF expression [41].

Reactive oxygen species (ROS) have been
shown to directly lead to up-regulation of HIF-
1o mRNA and HIF-1a protein levels [42, 43]. It
has also been suggested that ROS is able to
increase CD20 expression in the Burkitt lym-
phoma cell lines, Daudi and Raji [44]. Taken
together, HIF-1a expression may reflect an
increase in CD20 expression, making this
subset of patients more likely to respond to
rituximab.

Therefore, it is possible that HIF-1a expression
is positively associated with clinical outcome in
patients with DLBCL treated with R-CHOP. We
did not demonstrate this correlation among the
CHOP-treated patients probably due to the pre-
dominant role of rituximab, as in Evens et al.

In the present study, immunohistochemical
analysis showed that HIF-1a expression had no
association with COO as Evens et al and Powell
et al observed. However, we demonstrated a
trend that p53* was seen less commonly in the
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HIF-1a* subgroup compared with the HIF-1oc
one while Evens et al and Powell et al did not
investigate these trends. p53 has been demon-
strated to predict poor outcome for R-CHOP-
treated DLBCL patients [32]. Evens et al and
Powell et al both detected a link between HIF-
1a and BCL6 expression while our study did not
disclose a link. The cause for these discrepan-
cies may be that Chinese patients with DLBCL
are different from Western ones.

There are two main limitations which should be
considered when interpreting the data from the
present study. First, the patients treated with
R-CHOP accounted for two-thirds of DLBCL
patients. Moreover, the condition in the R-CHOP
subgroup was probably more serious compared
with that in the CHOP subgroup. Therefore,
there was a certain degree of selection bias in
this study. Second, the sample in some sub-
groups was small and it is a retrospective study
weakening its predictive value.

Nevertheless, high HIF-1a expression benefits
from R-CHOP in Chinese DLBCL, as in Western
DLBCL. These data suggest that there may be a
significant interaction between HIF-1a activa-
tion and anti-CD20 monoclonal antibody treat-
ment. A prospective study is needed to verify
this correlation. It should be a focus whether
and how rituximab targets HIF-1a expression in
future studies.
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