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Glucosamine Activates T Lymphocytes in Healthy Individuals and may

Induce GVHD/GVL in Stem Cell Transplanted Recipients
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Abstract: Graft versus host disease (GVHD) is the major limiting factor after Hematopoietic stem cell transplantation
(HSCT). In this study, we report a HSCT-patient who developed arthritis 10-month after allogeneic sibling
transplantation, treated with glucosamine-hydrochloride and developed severe acute GVHD within three weeks after the
administration of glucosamine. Another HSCT-recipient with an increase in CD33+cells received one dose of donor
lymphocyte infusion (DLI). Due to the lack of DLI and based on our experience from the first case, the patient was treated
with glucosamine. No sign of relapse was observed in the second patient despite increased number of CD33+ for more
than three years. The glucosamine effect was evaluated in seven individuals given the drug for four weeks. The effect of
glucosamine treatment was examined by mixed-lymphocyte-reaction (MLR) and the levels of soluble IL-2 receptor (sIL-
2R), TNF-a and IFN-y were determined. Glucosamine administration exhibited an enhancement in the allogeneic MLR
and an increase in the serum levels of sIL-2R, but a decrease in the serum levels of inflammatory cytokines TNF-a and
IFN-y.

We conclude that glucosamine may act as an activator of the immune system. In HSCT-patients, glucosamine-mediated
immune activation might result in either beneficial or deleterious outcomes. Thus, precautions should be taken when

glucosamine is prescribed to HSCT-patients.
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INTRODUCTION

Allogeneic hematopoietic stem cell transplantation
(HSCT) is curative treatment for patients suffering from
haematological malignancies such as leukaemia and lym-
phoma [1] and non haematological malignancies e.g. solid
tumours. Moreover, HSCT is the first hand choice for the
treatment of several genetic disorders and inborn errors of
metabolism. Despite the success of HSCT still transplanta-
tion related complications such as graft versus host disease
(GVHD), veno-occlusive disease (VOD) and treatment
related toxicity are the major limiting factors.

The allograft usually contains T lymphocytes that can
prevent graft rejection and mediate a graft-versus-leukemia
(GVL) effect, which is beneficial for the patients [2].
However, donor T lymphocytes can also initiate GVHD, that
jeopardize the transplantation outcome and may increase
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both morbidity and mortality [3]. The development of
GVHD depends on variety of factors including pre-
transplant conditioning, immunosuppressive treatment and
tissue damage through activation of donor allo-reactive T
lymphocytes against host organs [3]. Although, the under-
lying mechanisms for the development of GVHD and GVL
effects are not fully understood, in vivo activation of donor T
lymphocytes has been considered as the primary event for
the initiation of these processes [2, 3]. Thus, it is conceivable
that the employed pre- and post-transplant medications that
exert immunosuppressive or immunostimulatory properties
might have profound effects on the outcome of HSCT.

Glucosamine is a form of amino sugar that is synthesized
by virtually all cells in the human body and has various
physiological activities including the stimulation of the
synthesis of proteoglycans, inhibition of the degradation of
proteoglycans and the inhibition of the synthesis of pro-
teolytic enzymes and other substances that contribute to
damage of cartilage matrix [4-6]. Owing to its beneficial
effects on the reconstitution of joint cartilage, glucosamine
has been clinically used as a supplementary drug to treat
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osteoarthritis (OA) [7]. At present, glucosamine is sold as an
over-the-counter (OTC) drug in many countries. However,
recently Wilkens et al. have reported in a large clinical study
that glucosamine did not result in reduced pain-related
disability after the 6-month intervention and after 1-year
follow-up in chronic low back pain (LBP) with degenerative
lumbar osteoarthritis (OA) patients [8].

In addition to its physiological properties, glucosamine is
suggested to possess anti-inflammatory and immunsup-
pressive effects. For instance, several studies have shown
that this substance inhibits the synthesis of proinflammatory
mediators in human chondrocytes in vitro [9], suppresses the
activation of NF-kB and modulates the bioactivity of IL-13
in rat chondrocytes [10], and suppresses unprimed T-cell
responses by interfering with antigen-presenting cell func-
tions and by a direct inhibitory effect on anti-CD3-induced
proliferation of murine T cells [11]. However, experimental
studies suggest that glucosamine functions as an immuno-
modulator rather than as an immunosuppressant in vivo, i.e.,
systemic administration of this compound is shown to
abrogate the acute phase of murine autoimmune encephalo-
myelitis by redirecting the disease mediated T helper 1 (Thl)
type of response to a more protective Th2 response [12].
Thus, it is conceivable that depending on the type of the
disease, the use of glucosamine can cause either beneficial or
deleterious immune mediated effects.

In the present study, we report that treatment with
glucosamine activates the immune system in such a way that
may lead to the development of acute graft-versus-host
disease and/or graft versus leukaemia effect in patients
transplanted with allogeneic stem cells. Furthermore, we
were able to show that healthy volunteers treated with
glucosamine exhibit an enhancement in the allogeneic mixed
lymphocyte reaction and an increase in the serum levels
of soluble IL-2 receptor (sIL-2R), but a decrease in the
serum levels of inflammatory cytokines including TNF-o
and IFN-v.

PATIENTS AND METHODS
a) Case 1

A 63-year-old male with acute myeloid leukaemia
(AML, M2) and severe myelofibrosis secondary to poly-
cythaemia vera underwent haematopoietic stem cell trans-
plantation with mobilized peripheral blood stem cells
(PBSC) from an HLA (A, B- and DR) -identical sibling
donor after reduced intensity conditioning with fludarabine,
30 mg/m® daily for 5 days, and treosulfan, 14g/m’ for three
consecutive days. Patient received PBSC as stem cell-source
at the dose of 3.6 x 10°%kg CD34 and 135x10°%kg CD3+.
Prophylaxis for graft-versus-host disease consisted of
cyclosporine (1 mg/kg, iv) at day -1 and 0, followed by a
dose of 3 mg/kg (po). Cyclosporine was given in com-
bination with four doses of methotrexate (15 mg/m” at day
+1 and 10 mg/m* at days +3, +6 and +11). Three months
after transplantation the immunosuppressive treatment was
discontinued and there were no signs of GVHD. Patient
developed full donor chimerism (100%) in T-, B- and
myeloid cell lineages in the bone marrow and he was in
complete remission. Ten months after transplantation, the
patient was treated with a dose of 625mg twice daily of
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Artrox®  (Glucosamine hydrochloride) for relieving the
symptoms of his osteoarthritis.

b) Case 2

A 64-year-old female with acute myeloid leukaemia
(AML, M1) in second complete remission (CR2) received a
reduced intensity conditioning followed by mobilized
peripheral blood stem cells (PBSC) from a 71 years old
HLA-A, B- and DR -identical sibling. The preparative regi-
men consisted of fludarabine (30mg/m’/day for 6 days),
busulfan (4mg/kg/day for 2 days) and ATG (2mg/day for 4
days). Patient received PBSC as stem cell source at the dose
of 14.6 x 10°kg CD34+ and 65 x 10°kg CD3+. Immuno-
suppressive treatments for prevention of graft-versus-host
disease were cyclosporine as an iv dose 1 mg/kg, at day -1
and 0, followed by an oral dose of 3 mg/kg given in
combination with four doses of methotrexate (15 mg/m” at
day +1 and 10 mg/m® at days +3, +6 and +11). Both drugs
were discontinued 4 months after transplantation. The patient
did not develop acute or chronic GVHD.

The patient was in CR with a stable mixed chimerism
(90-95% donor T-cells and 100% donor myeloid cells) in the
bone marrow 12 months after HSCT. Due to increased
recipient T (>40%) and myeloid cells (7%) in the peripheral
blood, twenty months after HSCT, the patient received just
one donor lymphocyte infusion (DLI) at a dose of 0.43 x 10°
CD3+ cells/kg. Due to the general poor health status of the
donor, no more lymphocytes could be harvested and hence
DLI could be repeated. Therefore, and based on the expe-
rience seen in case 1, Arthrox® (Glucosamine hydro-
chloride) at a dose of 625mg twice daily was started one
month after DLI (21 months post transplantation).

¢) Control Group

Eight AML patients were considered as control group.
Mean age was 48.5 years (35-59). Conditioning consist of
busulfan-cyclophosphamide (Bu-Cy; 3 patients), fludara-
bine-busulfan (Flu-Bu; 4 patients) and treoulfan-Flu (one
patient) followed by stem cell transplantation using 9.64 x
10%kg for CD34+ and 294 x 10°%kg for CD3+. Preventive
treatment for GVHD was cyclosporine as an i.v. dose 1
mg/kg, at day -1 and 0, followed by an oral dose of 3 mg/kg
in combination with four doses of methotrexate (15 mg/m” at
day +1 and 10 mg/m’ at days +3,+6 and +11) for the
patients.

d) Treatment with Glucosamine in Healthy Volunteers

In order to evaluate the effects of glucosamine treatment
on the immune system, seven healthy individuals, 4 males
and 3 females, with a median age of 49 (range 28-63) years
were treated with glucosamine (625 mg twice daily) for 4
weeks. None of the volunteers had any history of infectious
disease for at least four weeks before and during the treat-
ment with glucosamine. The study protocol was approved by
the Ethical Committee at the Karolinska University Hospital.

MIXED LYMPHOCYTE REACTION

Blood samples were taken before, 2, 4 and 12 weeks after
glucosamine administration. Lymphocytes were isolated on a
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Ficoll-Hypaque gradient and resuspended in RPMI 1640,
supplemented with 10% human AB serum, at a concen-
tration of 10° cells/mL. A pool of 7 individuals were irra-
diated (20 Gy) and used as stimulator cells. Stimulator and
responder cells (100uL of each) were cultured at 37°C and
5% CO, on micro titre plates for 5 days. 1 uCi of *H
thymidine was added 24h prior to harvest.

Cytokine Measurement

Samples were allowed to clot and serums were frozen
and stored at -20°C until analyzed. The levels sIL-2R, TNFa
and IFN-y in samples were determined employing automated
chemo-luminescence immunoassay (IMMULITE®, Siemens
Healthcare Diagnostics Inc., IL, USA).

Statistical Analysis

All data are expressed as means + SD (standard devia-
tion) unless otherwise mentioned. Differences between
groups were analyzed using Mann-Whitney (U-test). P<0.05
is considered statistically significant unless otherwise stated.
All statistical analyses were performed utilizing Statistica
software (ver. 8).
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RESULTS
Case 1

Three weeks after glucosamine administration, the
patient developed diarrhoea (>15 times/day) and abdominal
pain. Histopathological examination of a colon biopsy
specimen revealed acute GVHD grade III. The patient lost
10 kg in weight. Levels of bilirubin and alanine aminotrans-
ferase were elevated. However, no signs of GVHD in the
skin were observed. The glucosamine treatment was with-
drawn and signs and symptoms of GVHD were successfully
resolved by the treatment of cyclosporine and steroids orally
and rectally. The patient is now in remission and there is no
sign of GVHD or related problems for more than 4 years
without immunosuppression. No explanation could be found
for the late occurrence of acute GVHD except the adminis-
tration of glucosamine.

Case 2

At the time of DLI administration (Fig. 1), the patient
exhibited a poor donor chimerism (CD3+= 60%). However,
administration of one low dose of DLI (0.43 x 10°% CD3+
cells/kg) followed by the treatment with glucosamine one
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Fig. (1). CD3 T-lymphocyte chimerism changes in the recipient (patient no. 2). Donor T-lymphocyte population increased in peripheral
blood Patient (no. 2) at 6, 12, and 24 months after one single dose of DLI in combination with the administration of glucosamine.
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Fig. (2). Effect of glucosamine on relapse. Comparison of CD33+ levels (relapse marker) in the peripheral blood of the recipient (patient no.
2) and control group (patients that received several DLI at higher cell doses). Case no. 2 received fewer donor T cells (0.043 x 10’ CD3/kg)
in combination with 1250mg/daily glucosamine (Artrox™). Still after 18 months she is in clinical remission whereas other patients regardless
of receiving of 2.6 times DLI and mean of 1.78 x 10’ donor CD3 cells have relapsed.
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moth later led to a significant increase in donor T-cell
chimerism that Reach to its maximum level (82%) after 6
months and remained at similar levels even after 2 years
(Fig. 1). More importantly, upon DLI administration and
further treatment with glucosamine, the frequency of
recipient CD33+ cells remained at high level (> 10%) at all
tested time points up to 2 years, indicating higher relapse
risk (Fig. 2). In fact, four years after the treatment, the
patient is clinically in complete remission with a minimal
residual disease (0.06%-0.5%) and there is no sign of
relapse. These results indicate that treatment with gluco-
samine probably enhanced the efficiency of the DLI that in
turn induced graft versus leukaemia reaction (GVL). In order
to evaluate our hypothesis, we compared laboratory and
clinical outcomes observed in this patient with the results
found in the control group, who received DLI only. As
shown in Fig. (2), in the absence of glucosamine, repeated
administrations of DLI (Mean = 2.6 times) at higher donor
CD3+ cell concentrations (Mean = 1.78 x 107) was able to
control the malignant cell (CD33+ cells) only for a short
period of time (6 month), after which the frequency of these
cells were substantially increased in most of the patients
(Fig. 2). In line with this finding, all of these patients
developed clinical sign of relapse and 5 out of 8 patients
(>60%) died within 20.6 months after HSCT.

Glucosamine Administration Enhances the Lymphocyte
Activity in Healthy Subjects

Our findings that the treatment with glucosamine resulted
in GVHD in first case led us to investigate if this drug may
affect the immune system in healthy individuals. In order to
answer this question, 7 healthy subjects were scheduled for
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the treatment with glucosamine in an identical fashion to
drug-treated patients. At different intervals alloreactivity of
the lymphocytes obtained from the treated individuals were
determined employing MLR assay. As shown in Fig. (3),
treatment with glucosamine induced a substantial increase in
the allogeneic responses of lymphocytes, which initiated 2
weeks after treatment with glucosamine (p=0.018) and
reached a significant (p=0.028) peak on week 4 (the
termination time for the treatment). However, 8 weeks after
the cessation of glucosamine (week 12), all the treated
subjects exhibited an allogeneic response, which was similar
to that found prior to the treatment with glucosamine (Fig.
3). This observation clearly implied that treatment with
glucosamine enhances the alloreactivity of T lymph in vitro.

To further investigate if the treatment with glucosamine
leads to the activation of T lymphocytes in vivo, we next
measured the serum levels of sIL-2R, which is considered as
a useful surrogate marker for T cell activation at different
intervals [13]. As demonstrated in Fig. (4), after 2 weeks of
treatment, glucosamine induced a significant increase in the
serum levels of sIL-2R, which peaked on week 4 and
thereafter, declined by the termination of the treatment.

Effect of Glucosamine Administration on Inflammatory
Cytokine Production in Healthy Individuals

Since it is known that glucosamine possess anti-inflam-
matory effects [9, 10, 12]. We also monitored the serum
levels of inflammatory cytokines, IFN-y and TNF-o in
glucosamine treated healthy individuals employing chemo-
luminescence immunoassay. As shown in Fig. (SA), four
weeks treatment with glucosamine resulted in a significant

Before

2 weeks

4 weeks 12 weeks

Time

Fig. (3). Effect of glucosamine on MLR in healthy volunteer. Seven healthy individuals administered glucosamine (1250mg/day) for four
weeks. Lymphocytes from peripheral blood of these individual were used as responders to a pool of the 7 individuals that was used as
stimulator. Mean values + SEM have shown at different time points before, 2, 4 (during the treatment) and 8 weeks after discontinuation of
the glucosamine. P values indicate differences between each time point. (CPM= Counts/minute).
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Fig. (4). Effect of glucosamine on inflammatory cytokine secretion. Seven healthy individual received glucosamine (1250mg/day) for four
weeks. Soluble Interleukin-2 receptor (sIL-2) was measured in the serum of individuals. Two and 4 weeks after taking glucosamine, serum
levels of sIL2r increased from 464.3+43.4 to 520.1+£56.5 (P=0.06) and 518.5+54.8, respectively. Eight weeks after discontinuation of
glucosamine, sIL2r return to the normal level (4554+58.8). Mean values £ SEM are shown at different time points before, 2, 4 (during the
treatment) and 8 weeks after discontinuation of the glucosamine. P values indicate differences between each time point.
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Fig. (5A). Effect of Glucosamine on inflammatory cytokine secretion. Seven healthy individuals took received glucosamine (Artrox®) ata
dose of 1250mg/day for four weeks. Level of interferon y was measured in the serum of the individuals before and after administration of
glucosamine. Two and 4 weeks after treatment with glucosamine serum levels of INFy decreased from 27.142.7 to 12.4+2.3 and 8.3£3.1,
respectively comparing the levels found before administration. Mean values + SEM are shown at different time points before, 2, 4 (during
the treatment) and 8 weeks after discontinuation of the glucosamine. P values indicate differences between each time point.

decrease in the serum levels of IFN-y, which initiated after 2
weeks and remained at the same reduced level even § weeks
after the termination of the treatment. However, a non-
significant decrease in the serum level of TNF-a was
observed during the entire glucosamine treatment (Fig. 5B).
Unfortunately, owing to a technical problem, we were not
able to determine TNF-a level at 8 weeks after termination
of glucosamine treatment.

DISCUSSION

It is well established that lymphocytes, particularly T
lymphocytes contained in the allograft (either in the bone
marrow or DLI) play an essential role in the outcome of
alloHSCT [14]. That is, activation of donor T cells can
mediate deleterious (e.g., GVHD) effects on the host [14],
however, this effect may prevent graft rejection. Moreover, a
beneficial effect can be obtained in form of graft versus
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Fig. (5B). Effect of Glucosamine on inflammatory cytokine secretion. Glucosamine (1250 mg/day) was given to seven healthy individuals
for four weeks. Levels of TNF-o were measured in the serum of the subjects before and after administration of glucosamine. Two and 4
weeks after treatment with glucosamine, serum levels of TNF-a decreased from 4.8+0.5 to 3.8+0.7 and 3.4 +0.7, respectively comparing the
value found before administration. Mean values + SEM have shown at different time points before, 2, 4 (during the treatment). Unfortunately
serum sample was not enough to measure TNF-a levels at 8 weeks after discontinuation of the glucosamine.

leukemia effect. In other words, while in GVHD, there is a
demand for the prevention or at least minimization of donor
T cell activation, in GVL maximal or enhanced activation of
donor T cell is required. Thus, this issue should be
considered further when medications, especially OTC (over
the counter) medicines, are used by and/or prescribed to
HSCT patients.

In the present study, we observed that a HSCT patient in
CR with a full donor chimerism when treated with an OTC
drug, glucosamine, for a three weeks period, suddenly
developed an acute GVHD. On the other hand, another
patient who exhibited clinical signs of relapse after HSCT
and received a single low dose of DLI in combination with
glucosamine showed a sustained complete remission with a
minimal residual disease even after 4 years. In fact, such
condition was not observed in any of the control HSCT
patients who received only DLI even at high frequencies and
higher cell doses. These results strongly suggest that
administration of glucosamine in HSCT patients may alter
the outcome of the HSCT toward either a life threatening or
a life saving condition depending on the patient situation.

The exact underlying mechanism for the development of
GVHD and GVL in glucosamine-treated HSCT patient
remains to be elucidated. However, as discussed in above,
since activated donor T lymphocytes are known to be the
main mediators of both GVHD and GVL in these patients, as
the most probable mechanism, we suggest that glucosamine
induces the activation of T lymphocyte in vivo to produce
GVHD or GVL in HSCT patient. Indeed, this suggestion is
strongly supported by our findings that in healthy individuals
treatment with glucosamine enhanced the capacity of
lymphocytes for alloreactive proliferation and increased the

serum levels of sIL-2R, which is a marker for in vivo
activation of T lymphocytes [13]. Moreover, this suggestion
is further supported by the results of recent experimental
studies in which it has been shown that oral administration of
glucosamine to mice for 20 days significantly enhanced the
specific antibody responses against the foreign antigen,
sheep red blood cells (SRBC), increased the relative organ
weight of spleen and thymus tissue, and promoted the
delayed-type hypersensitivity (DTH) against SRBC [15].
Moreover, it has been demonstrated that in vitro, treatment
with glucosamine exerts mitogenic effects and induces
lymphocyte proliferation in the mouse lymphocytes [15].

In addition to the immunostimulatory effects of gluco-
samine found in the present study and as reported by Yan Y,
et al. 2007, several other studies have shown that gluco-
samine can also exert anti-tumor activity [16-18]. For
instance, Quastel et al. have shown that treatment with D-
glucosamine is able to inhibit tumor growth in an experi-
mental model of sarcoma [19]. Bekesi et al. have also
reported that treatment with glucosamine exerted inhibitory
effects on the growth of tumors in laboratory animals and
that the treated animals were resistant to the implantation of
second tumor cells [20]. Thus, regarding the anti-tumor
activity of glucosamine, and our finding that the adminis-
tration of glucosamine resulted in the development of GVL,
it is likely that in this particular case, both immunostimu-
latory as well as anti tumor effects of glucosamie contribute
to the development of GVL in this patient. Obviously, this
likelihood is of high importance and is going to be addressed
in our future studies.

As mentioned earlier in this study, glucosamine is well
recognized as an anti inflammatory drug [11, 21]. Although



Glucosamine may Induce GVHD / GVL in HSCT Recipients

the exact underlying mechanism by which this drug induces
anti inflammatory effects are not fully understood, the results
from several studies suggests that glucosamine by acting on
the innate immune cells particularly macrophages down
regulates the expression of nuclear factor kappa B (NF-kB)
and mitogen-activated protein kinases (MAPK), the key
transcription factors that are required for the activation of
inflammatory genes (e.g., TNF-o, IFN-y and IL-10) [22-24].
In line with these studies we also found that administration
of glucosamine reduced the serum levels of inflammatory
cytokines, INF-y and TNF-a in healthy individuals. Thus, it
is possible that treatment with glucosamine activates the
cells of the adaptive branch of the immune system, but
suppresses the activity of innate immune cells. Obviously,
further studies are required to verify this possibility.

In conclusion: in the present study we showed for the
first time that treatment with glucoseamine can exert
immunostimulatory effects by activating T lymphocytes in
healthy individuals and it may alter the outcome of bone
marrow transplantation toward the development of either
GVHD or GVL depending on the condition of the patient.
Thus, considerable cautions should be made in the use of this
OTC drug in bone marrow transplanted patients.
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