
Organ siderosis and hemophagocytosis during acute
graft-versus-host disease

Iron overload prior to allogeneic hematopoietic stem
cell transplantation (allo-HSCT) due to blood transfu-
sions is associated with increased non-relapse mortality
(NRM) and with low overall survival.1,2 After allo-HSCT,
high iron content in liver biopsies and elevated ferritin
concentrations in blood, used as a surrogate parameter
for iron overload, are also related to NRM.3-6 The cellular
and molecular mechanisms behind this association, how-
ever, are yet to be clarified. In particular, available data on
the role of ferritin and iron metabolism during the patho-
physiology of acute graft-versus-host disease (GvHD), a
major contributor to NRM, are scarse. To shed light on
the connection between GvHD, ferritin levels, and iron
metabolism, we decided to analyse the clinical data of
patients undergoing allo-HSCT as well as data from pre-
clinical murine GvHD models.
We generated our working hypothesis after observing

concurrent presentations of acute GvHD (aGvHD) and
hyperferritinemia in a series of patients undergoing allo-
HSCT. In a typical case, a 29 year old female underwent
allo-HSCT for severe aplastic anemia. She received four
erythrocyte concentrates in total: two prior to allo-HSCT
and two during aplasia post allo-HSCT. Around day
+200, she suffered from late aGvHD of the liver; stage 3,
grade III. At the same time point, a high ferritin level and
a high transferrin saturation was measured for the first
time in this patient (Online Supplementary Figure S1A).
Ferritin levels dropped rapidly after clinical improvement
of aGvHD due to administration of high dose steroids.
This repeated during a second exacerbation of GvHD.
Notably, the transferrin saturation was not affected by
the immunosuppression. We found siderosis in bone
marrow in this patient (Online Supplementary Figure S1B).
During the course of disease, no iron chelation was
administered. No mutations were found on the HFE
gene. After her second exacerbation, the patient recov-
ered and is still alive. Based on this case, and others sim-
ilar, we hypothesized that GvHD is associated with
hyperferritinemia and organsiderosis, independent of
blood transfusions.
We retrospectively analysed allo-HSCT recipients at

the Charité-CBF over a six-year period, with a survival of
more than 60 days. Patient characteristics and their max-
imum ferritin levels after allo-HSCT (low/medium vs.
high vs. very high) are given in Online Supplementary Table
S1. Of 104 patients, 33 developed high ferritin levels
(5000µg/l-10000µg/l), and 11 had very high ferritin levels
(more than 10000µg/l) after allo-HSCT. There was no sig-
nificant relationship between the ferritin levels prior to
allo-HSCT and the maximum ferritin levels after allo-
HSCT. We analysed overall survival of patients with
high/very high ferritin levels (5000µg/l or more) vs.
patients with low/medium ferritin levels (<5000µg/l)
after allo-HSCT. Median follow-up time was 661 days.
We found that overall survival in patients with high fer-
ritin levels was significantly lower than in the low/medi-
um ferritin group (Fig. 1A). Of note, none of the patients
with Ferritin levels >10.000µg/l had long- term survival.
This was due to increased non-relapse mortality (Figure
1B). 
Next, we were interested to find out if high ferritin lev-

els after allo-HSCT were associated with acute GvHD.
For analyses we created three cohorts of allo-HSCT recip-
ients according to their clinical aGvHD grade: 1) No

aGvHD, 2) Grade I-II and 3) Grade III-IV. We then picked
the maximum serum ferritin level of each patient after
allo-HSCT. Figure 2 shows the distribution of ferritin lev-
els between the cohorts. We found that maximum ferritin
levels after allo-HSCT were significantly higher in
patients during aGvHD than in patients without aGvHD
(Figure 2A). Of note, very high ferritin levels (>10000µg/l)
occurred exclusively in patients during aGvHD; they
were not observed in the absence of aGvHD (Figure 2A).
Interestingly, we did not observe an association between
ferritin levels and chronic GvHD (Figure 2B).
Importantly, mean ferritin levels taken prior to allo-

HSCT did not differ significantly between allo-HSCT
recipients who later developed no aGvHD (1194 SEM ±
268.2), aGvHD Grade I-II (1295 SEM ± 174.7) or aGvHD
Grade III+IV (1194 ± 268.2) (P=0.61). 
We were then interested to establish if we were able to

detect hemophagocytes in patients with hyperferritni-
naemia after allo-HSCT. The rationale is that hyperfer-
ritinemic syndromes are usually characterized by
macrophage activation and by hemophagocytosis. The
standard technique to visualize hemophagocytosis is
assessment of BM aspirates. BM aspirates were available
in 9 out of 11 allo-HSCT recipients who developed fer-
ritin levels above 10000µg/l during aGvHD. In one of
these specimens, many siderophages were found; how-
ever, there was no clear evidence of hemophagocytosis.
The remaining 8 specimens showed clear hemophagocy-
tosis in the BM (Figure 2C). We conclude that very high
ferritin levels after allo-HSCT are associated with hemo-
phagocytosis. To investigate if aGvHD is associated with
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Figure 1. Overall Survival and Non-Relapse Mortality According to Ferritin
Levels post Allo-HSCT. Patients with increased ferritin levels after transplanta-
tion have a worse overall survival (A) due to increased non-relapse mortality
(B).



organsiderosis, we used a preclinical murine allo-BMT
model (Balb/c into C57BL/,6 conditioning with treosulfan
and cyclophosphamide), which has been described previ-
ously.7 At day +9, we sacrificed allo-BMT and syn-BMT
recipients to measure liver iron content by graphite fur-
nace atomic absorption spectrometry. A significantly
higher amount of liver iron was found in allo-BMT recip-
ients during aGvHD than in syn-BMT recipients or mice
receiving no transplant (Figure 3A). In this model, most
allo-BMT recipients died from aGvHD. In the small sub-
set of survivors, those who had clinically recovered from
aGvHD, persistent high liver iron content at day +69
post-allo-BMT was found (Figure 3A). Furthermore, in
histological sections, iron deposits in spleen (red and
white pulpa) and kidney were seen in allo-BMT recipi-
ents but not in syn-BMT recipients (data not shown). No
iron deposits were seen in the hearts of the mice. We
conclude that aGvHD is associated with organsiderosis in
the liver, kidneys and spleen. 
In a next step we focused on the molecular mecha-

nisms; we analyzed mRNA expression by gene array and
protein expression by proteomic profiling (Online
Supplementary Methods) during hepatic aGvHD vs. syn.
controls at day +14. We found that Ceruloplasmin (Cp),
Lipocalin-2 (LCN2) and Heme oxygenase 1 (Hmox1)
were significantly upregulated on an mRNA level as well
as on a protein level during hepatic aGvHD (Figure 3B
and Figure 3C). In addition, transferrin receptor 1 (Tfr1)
and delta-aminolevulinate synthase 1 (Alas1) were signif-
icantly upregulated, and hepcidin 2 (Hamp2) was signifi-

cantly downregulated on an mRNA level but not on a
protein level (Figure 3B). Due to the hyperferritinemia
and BM hemophagocytes that we observed during
aGvHD, we were specifically interested in gene expres-
sion and protein level changes related to macrophage
activation. On an mRNA level, we found a significant
upregulation of the hemoglobin scavenger receptor
(CD163, also related to iron metabolism), and of the c-
reactive protein (CRP), at day+14 (Figure 3B). On a pro-
tein level, we confirmed the significant elevation of CRP,
and found that lymphocyte cytosolic protein 1 (Lcp1)
was significantly upregulated during aGvHD at day+14
(Figure 3C). In addition, we detected early, high upregu-
lation (day +2) of macrophage migration inhibitory factor
(Mif) on a protein level during hepatic aGvHD (Figure
3D)
In our patient population, very high ferritin levels

(>10000µg/l) occurred exclusively during GvHD and
were associated with reduced overall survival. Ferritin is
a key protein in iron metabolism and iron storage, which
may be used to estimate body iron content under non-
inflammatory conditions. However, its use to measure
iron overload during allo-HSCT has been criticized for
often being inadequate.1,2 In fact, serum ferritin is prima-
rily derived from macrophages, leading to very high fer-
ritin concentrations in severe medical conditions associ-
ated with macrophage activation.8-10 It is a well-known
fact that macrophage activation can lead to hemophago-
cytosis in the bone marrow (BM); the hallmark of
macrophage activation syndrome and hemophagocytic
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Figure 2. Elevated Ferritin levels in patients with GvHD are associated with hemophagocytosis. Very high ferritin levels (more than 10000 µg/l) after HSCT
were seen exclusively in patients with acute GvHD (A); (unpaired two tailored t-test; *P=0.007; ***P=0.003). There was no association between ferritin levels
and chronic GvHD (B). In 8/9 bone marrow aspirates from patients with ferritin >10000µg/l, heophagocytosis was observed (C); shown are two representative
examples. 
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lymphohistiocytosis.11 In allo-HSCT recipients with very
high ferritin levels, we detected hemophagocytes in the
BM as well as clinical and laboratory signs of macrophage
activation. However, in our cohort, formal diagnosis of
hemophagocytic lymphohistiocytosis was not possible in
most patients due to the retrospective data collection
(clinical criteria are summarized in the Online
Supplementary Data section). Of note, allogeneic
macrophage activation has previously been described in
experimental GvHD models.12 During GvHD, the activa-
tion of macrophages may ultimately result in the release
of intracellular iron, underlining a possible connection
between GvHD and organsiderosis.13 Gene and protein
level changes related to macrophage activation during
GvHD were indentified in this study, including c-reactive
protein (CRP), macrophage migration inhibitory factor
(Mif), lymphocyte cytosolic protein 1 (Lcp1), and the
hemoglobin scavenger receptor (CD163). Of note,
CD163 may connect macrophage activation with iron
metabolism because it is involved in cellular haemoglobin
uptake, and it is also expressed on tissue resident
macrophages, such as Kupffer cells in the liver.14 The
association of macrophage activation and GvHD-related

mortality is particularly interesting because the level of
CD163+macrophage infiltration in the skin, but not the
level of T-cell infiltration, has been described to be pre-
dictive for mortality during GvHD.15 Due to the observa-
tion of the devastating course of patients with this pres-
entation, alternative therapeutic strategies might be war-
ranted, such as the potential use of etoposide.
In summary, we found that hemophagocytosis in the

BM and hyperferritinemia, likely due to systemic
macrophage activation, are associated with high mortali-
ty in patients with GvHD. In preclinical models, we
found that GvHD leads to profound changes in the
hepatic iron metabolism, eventually resulting in organ-
siderosis. 
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Figure 3. Effects of GvHD on ferritin and iron metabolism in mice. In C57BL/10 mice transplanted with Balb/c splenocytes and GvHD, a significantly higher
amount of liver iron was found on day+9 (A); *P<0.05; unpaired t-test, two tailored). In accordance, mRNA expression of several genes related to iron metabo-
lism and macrophage activation was changed during hepatic GvHD at day +14 (Balb/c →C57B6/N) (B); data are shown as mean±s.e.m; *P<0.05 and
***P<0.001; t-test; 4 mice per group. The expression of some proteins related to iron balance (Cp, Lcn2 and Hmox1) and others related to macrophage acti-
vation (Crp and Lcp1) was also significantly up regulated in allogeneic animals (LP/J→C57B6/N) (C); data are shown as mean±s.e.m; *P<0.05 and **P<0.01
and ***P<0.001; t-test; 4 mice per group. The proteomics analysis indicated that 2 days after BMT, compared to the syngeneic mice, macrophage migration
inhibitory factor (Mif) was highly upregulated in the allogeneic livers (LP/J→C57B6/N) (D). 
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