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Background: Hepcidin and growth differentiation factor 15 (GDF-15) have been reported to be highly
expressed in various cancers. Serum hepcidin and GDF-15 levels were demonstrated to be potential
prognostic markers in cancers. This study aims to evaluate the effect of red blood cell (RBC) transfusion on
plasma hepcidin and GDF-15 in gastric cancer patients.

Methods: In this prospective study, 40 patients with gastric cancer were eligible for this study. Peripheral
blood samples were obtained before and within 24 h after RBC transfusion. A routine blood test was
performed before transfusion and within 24 h post-transfusion. Plasma hepcidin, GDF-15, interleukin 6
(IL-6) and erythropoietin were determined by ELISA.

Results: In patients with metastasis, plasma hepcidin (P=0.02), and GDF-15 (P=0.01) levels were higher
than without metastasis. Plasma hepcidin was increased after RBC transfusion (P=0.001), while plasma
erythropoietin was decreased after transfusion (P=0.03). However, RBC transfusion did not affect plasma
GDF-15 (P=0.32) and IL-6 (P=0.12). The effect of RBC transfusion on variables did not differ between
metastatic and non-metastatic patients. The mean percentage change of hepcidin in transfusion volume 4
unit (U) was more than 2 U.

Conclusions: RBC transfusion could increase plasma hepcidin and have no effect on plasma GDF-15 in

gastric patients.
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Introduction

The incidence and mortality of gastric cancer are the
second highest among malignant tumors in China (1).
Anemia is one of the most common complications in
gastric cancer. In 2012, a survey from China reported that
the highest incidence (66.99%) of anemia was observed
in upper gastrointestinal cancer patients among multiple
solid cancers. Anemia is indicated to be associated with a
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reduction of the quality of life (2-4) and to be an adverse
factor for treatment outcomes and long-term prognosis
(5,6) in cancer patients. Red blood cell (RBC) transfusion
is an option of treatment for anemia, especially for patients
who need rapid improvement in hemoglobin level.
However, RBC transfusion not only can transmit infectious
disease but can also adversely impact post-operation

complications (7,8), cancer recurrence, and survival (9-12).
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The exact mechanism is still unclear, as most studies
about the mechanism are focused on transfusion-related
immunomodulation.

Hepcidin, a 25-amino acid peptide primarily produced
in the liver, is a key iron-regulatory hormone. Hepcidin
regulates iron metabolism by inhibiting the function of
its receptor ferroportin, the iron transporter expressed on
the basolateral membrane of duodenal enterocytes (13).
Hepcidin, which is also expressed by malignant cells (14-16),
is elevated in many cancer patients (17). Previous studies
have found increased serum hepcidin in non-small cell
lung cancer (18) and breast cancer patients (19) rather than
in healthy individuals or those with benign disease. High
serum hepcidin in cancer patients has been associated with
metastasis (20,21), TNM stage, and poor prognosis (22).
The possible explanation for this is that hepcidin degrades
ferroportin-1 and results in the accumulation of iron in
tumor cells (17,23). High levels of inflammatory cytokines
and bone morphogenetic proteins in cancer patients may
account for high hepcidin levels (18,24). The regulation
of hepcidin can be affected by many factors, such as iron
status (25), erythropoietic activity (26), inflammatory
cytokines, hypoxia (27), and the synthesis of cancer cells in
each patient.

Growth differentiation factor 15 (GDF-15), one of
the transforming growth factor p (TGF-B) superfamily
members, was identified as one of the mediators of hepcidin
expression (28). A positive correlation between GDF-15
and hepcidin has been verified in anemic patients (29).
Additionally, GDF-15 is reported to be over-expressed
in various cancers and is associated with the proliferation,
metastasis, and prognosis (30), while a high level of GDF-
15 in cancer patients has been associated with cancer
metastasis and poor overall survival 31).

Previous studies have reported that RBC transfusion
could increase serum hepcidin in preterm infants (32)
and patients with B-thalassemia (33). The explanation
for this was that RBC transfusion increased the number
of erythrocytes and down-regulated the production of
erythromycin, which stimulated hepcidin production by the
bone morphogenetic protein-SMAD pathway (13).

To date, there are no data concerning the effect of RBC
transfusion on plasma hepcidin and GDF-15 in gastric
cancer patients. We hypothesized that RBC transfusion
could increase plasma hepcidin and GDF-15 in gastric
cancer patients. Elevated plasma hepcidin and GDF-15
after transfusion may be associated with adverse effects on
cancer outcomes from transfusion. The purpose of this
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170 gastric cancer patients accepted packed red
blood cell transfusion from Sep 2017 to May. 2018

Y

Exclusion of 93 patients:
« 83 patients accepted frozen plasma or apheresis
« platelets transfusion
« 8 patients with active bleeding
« 2 patients with acute infection

Y

37 patients refused to participate in the trial

Y

40 patients eligible for this study

Figure 1 The process of patient enrollment.

study was to determine the change of plasma hepcidin and
GDF-15 after RBC transfusion.

Methods
Study design and patients selection

A prospective study was conducted in Fujian Cancer
Hospital from September of 2017 to May of 2018. The
Ethical Committee of the Fujian Cancer Hospital approved
this study. Patients meeting the following criteria were
enrolled in this study: (I) confirmation of gastric cancer by
pathologic or/and imaging examination; (II) adult patients;
(III) patients who accepted packed RBC transfusion;
(IV) blood routine test performed before transfusion and
within 24 h post-transfusion. The exclusion criteria were
as follows: (I) patients who accepted frozen plasma or
apheresis platelets transfusion; (II) recent acute infection;
(IIT) RBC transfusion refractoriness. The process of patient
enrollment is shown in Figure 1.

RBC transfusion

The clinicians decided upon RBC transfusion according
to our hospital transfusion guidelines. In principle,
preoperative RBC is performed for asymptomatic patients if
the hemoglobin level falls to 70 g/L or intraoperative blood
loss of >1,000 mL occurs. Moreover, for medical patients,
RBC transfusion is initiated before the hemoglobin
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Table 1 Characteristics and baseline variables
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Baseline variables Metastasis(+) n=15 Metastasis(-) n=25 P
Age 67.33+11.06 60.64 0.101
Gender 0.071

Male 11 11

Female 4 14
Baseline hemoglobin 75.13+9.56 77.84+9.81 0.39
Baseline hepcidin 72.51+£50.01 45.76+21.11 0.02
Baseline GDF-15 1.18+0.29 0.95+0.12 0.01
Baseline IL-6 16.10+13.89 20.98+21.33 0.43
Baseline erythrogenin 34.76+30.78 25.16+22.46 0.30
Baseline hematokrit 24.69+3.43 24.64+3.12 0.96
Baseline red cell distribution width 17.90+4.05 17.96+3.26 0.96
Transfusion volume 0.14

2 units 6 16

4 units 9 9

GDF-15, growth differentiation factor 15; IL-6, interleukin 6.

concentration declines to 60 g/L or hematocrit declines
to 0.22. Packed RBCs in this study were provided and
produced by Fujian Blood Center. One unit (U) packed
RBC was produced from 200 mL whole blood.

Measurement of plasma variables

Peripheral venous blood samples were drawn into tubes
containing ethylenediamine tetraacetic acid (EDTA) on
two time points: before transfusion and within 24 h post-
transfusion. Samples were centrifuged at 3,400 rpm for
5 min at room temperature. The plasma was extracted
and frozen below -80 °C for use. Blood routine test was
performed using the Sysmex hematology XE2100L analyzer
(Sysmex, Tokyo, Japan). Commercial ELSIA kits were
used to determine plasma hepcidin (R&D, MN, USA),
erythrogenin (Abcam, Cambridge, UK), interleukin 6
(IL-6) (Boster, Wuhan, China), and GDF-15 (Blue Gene,
Shanghai, China). The clinical tumor stage was determined
according to the 8th edition of the AJCC cancer staging
manual.

Statistical analysis

All statistical analyses were performed using IBM SPSS
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version 23.0 (IBM Corporation, Chicago, IL, USA).
Patients’ characteristics were described by frequencies
(percentages) and mean value. Variables were compared
between pre- and post-transfusion by paired 7-test. A P
value of <0.05 was considered to indicate a statistically
significant difference. Change (%) was defined by the
following formula: (post-transfusion value - pre-transfusion
value)/pre-transfusion value x100%. Figures were drawn
by GraphPad Prism 7 (GraphPad Software, La Jolla, CA,
USA) and Office Visio.

Results

A total of 40 gastric cancer patients were enrolled in this
study, among whom 15 were with metastasis, and 25 were
non-metastasis. The process of patient selection is shown
in Figure 1. Baseline characteristics are given in Table 1.
Age, gender, baseline hemoglobin, IL-6, erythrogenin,
hematocrit, and red cell distribution width (RDW) of
patients were not statistically different between the
metastasis(+) group and the metastasis(-) group. The levels
of plasma hepcidin and GDF-15 of metastatic patients were
higher than those in non-metastatic patients.

Figure 2 summarizes the changes in the percentage
(%) of plasma variables between pre-transfusion and
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Figure 2 Red blood transfusion results in changes in plasma parameters. (A) Plasma hepcidin (55.79£36.67 vs. 77. 57+49.86, P=0.001).
(B) Plasma GDF-15 (1.0420.23 vs. 1.02£0.19, P=0.32). (C) Plasma erythropoietin (28.76£25.93 vs. 17.86+18.13, P=0.03). (D) Plasma IL-6
(19.16+18.84 vs. 24.97+35.06, P=0.12). (E) Hemoglobin level (76.83+9.68 vs. 92.18x11.59, P=0.0001). (F) Red blood cell distribution width

(17.94+£3.53 vs. 18.64+3.77, P=0.01).

post-transfusion. A significant increase of Hb level after
transfusion was shown in all patients. The plasma hepcidin
increased after transfusion, and the difference between
pre-transfusion and post-transfusion was statistically
significant as revealed by the paired #-test (P=0.001). After
the transfusion, plasma erythrogenin had decreased to
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baseline values. RBC transfusion resulted in a decrease in
plasma erythropoietin (P=0.03). Plasma IL-6 (P=0.12) and
GDF-15 (P=0.32) showed no significant change after
transfusion. RDW was significantly increased after
transfusion (P=0.01).

The post-transfusion changes (%) of variables after
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Table 2 Post-transtusion change of variables in metastasis(+) and metastasis(-) patients
% change
Variables P
Metastasis(+) Metastasis(-)
Hepcidin 41.13+35.95 45.76+83.32 0.84
GDF-15 -3.00+15.32 0.37+9.97 0.40
IL-6 8.71+43.38 35.51+93.28 0.30
Erythrogenin —-45.54+26.31 -15.22+59.41 0.07
Hemoglobin 19.90+12.80 20.99+10.73 0.77
Hematokrit 9.49+29.54 18.18+9.45 0.18
Red cell distribution width 3.74+7.94 4.39+9.17 0.82
GDF-15, growth differentiation factor 15; IL-6, interleukin 6.
Table 3 Post-transfusion change of variables in transfusion volume 2 units and 4 units patients
% change
Variables P
Transfusion 2 units Transfusion 4 units
Hepcidin 25.49+51.02 66.68+81.69 0.05
GDF-15 0.15+10.27 -2.17+14.37 0.55
IL-6 24.93+61.55 26.02+12.55 0.96
Erythrogenin —-20.98+61.49 —-33.45+36.05 0.45
Hemoglobin 16.13+8.24 26.02+12.55 0.01
Hematokrit 15.36+7.27 21.06+£11.53 0.06
Red cell distribution width 2.14+7.48 6.61+9.05 0.10

GDF-15, growth differentiation factor 15; IL-6, interleukin 6.

transfusion compared to baseline in metastatic compared to
non-metastatic patients are shown in 7Tuble 2. Variables did
not show a different effect of RBC transfusion in metastatic
compared to non-metastatic patients.

Table 3 illustrates the changes (%) of variables after
transfusion between blood transfusion volume 2 U
and 4 U group. The change (%) of Hb level was
significantly different between the two groups. Plasma
hepcidin of patients in the two groups showed an increase,
and the change (%) of hepcidin in the 4 U group was more
than the 2 U group. Other variables did not show a different
effect of RBC transfusion in the 2 U group compared to the
4 U group.

Discussion

To our knowledge, this is the first study to investigate the
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effect of RBC transfusion on plasma hepcidin and GDF-15
in gastric cancer patients. The main findings of this study
were that (I) the levels of plasma hepcidin and GDF-15 in
metastasis cancer patients were higher than those in non-
metastasis cancer patients; (II) RBC transfusion increased
plasma hepcidin and decreased plasma erythropoietin; (III)
RBC transfusion resulted in an increase in hepcidin levels in
patients with transfusion volume 4 U compared to 2 U.

The present study showed that high plasma hepcidin and
GDF-15 levels accompanied metastasis. This result is in
line with previous studies. From previous studies, it is clear
that elevated hepcidin and GDF-15 are not specific to a
particular metastasis cancer type. Elevated serum hepcidin
was found in various metastasized cancers rather than
non-metastasis, including prostate cancer, breast cancer,
colon cancer, and non-small cell lung cancer (24,34,35).
The high level of serum hepcidin contributes to reduced
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ferroportin levels, and low ferroportin levels result in iron
accumulation in cancer cells, which in turn promotes cancer
cell proliferation and metastasis. Vocka et a/. showed that
GDF-15 was a useful biomarker in patients with metastatic
colorectal cancer (31). Elevated Plasma GDF-15 was
indicated to be associated with lymph node metastases (36).
Studies have indicated that the serum GDF-15 is correlated
with systemic inflammation in advanced gastric cancer,
such as IL-1 and TNF-a, and produced by activated
macrophages (37). Cancer is also known to be accompanied
by systemic inflammation. Hansen ez #/. reported an
association between systemic inflammation and metastasis
(38,39), while Li et al. demonstrated that GDF15 could
activate Smad2 by binding to T'GF-P receptors to promote
the development of EMT and increase the metastasis of
colon cancer (40).

In our study, an increase in plasma hepcidin concentration
after RBC transfusion was observed. This result confirms
our hypothesis. To explore the reasons for this increase,
plasma erythropoietin and IL-6 were analyzed. A significant
difference in changes of erythropoietin level was found in
present study, which is consistent with the aforementioned
studies (33). The results can be attributed to RBC
transfusion improving hemoglobin level and ameliorating
anemia, and, as a consequence, suppressing the production
of erythropoietin and increasing hepcidin concentration,
especially in the short term after transfusion. There were no
changes in plasma IL-6. We believe it was already higher in
cancer patients than in the healthy group, and the effect of
transfusion was negligible. Hult e 4/. found a similar result
in that there were no signs of IL-6 production up to 48 h
after transfusion (41). Meanwhile, transfusion did not affect
plasma GDF-15 in the present study. We think that the
unchanged inflammatory factors after blood transfusion are
one of the reasons for this.

In this study, an additional finding was that the RDW
of patients increased after transfusion. The link between
RBC distribution and transfusion was first reported by
Savino and his colleagues in critically ill patients (42). In
previous studies, RDW was identified as having prognostic
value in cancer patients (43). Montagnana summarized
the correction between RDW and cancer and suggested
that RDW might have a diagnostic and prognostic role in
various cancers (44). Elevated RDW after transfusion could
be one of the factors that lead to poor prognosis of cancer
patients after blood transfusion.

Also, we found that the change (%) of plasma hepcidin
was associated with blood transfusion volume. The change
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(%) in blood transfusion volume in the >2 U group was
more than the €2 U group. However, the change (%) of
plasma erythrogenin was not different in the two groups.
Except for the decrease of erythrogenin, there was another
mechanism on the link between the change (%) of plasma
hepcidin and transfusion volume.

There are some limitations to this study. Owing to
insufficient blood supply during the study period, we
failed to investigate the association between the changes
of hepcidin and the different stored period of packed
RBC transfusion. The numbers of eligible patients were
inadequate, but it was the largest sample we could obtain.

Conclusions

In conclusion, this study showed that RBC transfusion
could increase hepcidin concentration and have no effect on
plasma GDEF-15 in gastric cancer patients. It is well known
that RBC transfusion is an independent factor for prognosis
in cancer patients. As previous studies have shown, high
hepcidin level is associated with metastasis, TNM stage,
and prognosis. The association between increased hepcidin
concentration and the adverse effect of RBC transfusion
deserves more attention in future studies.
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