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Impact of Opioid Use in Hematological Malignancies:
Clinical, Immunological and Concomitant Aspects

Polina Tregubenko?, Valeriy Zvonarev® & d

Abstract

Opioid agents play a unique role in pain and symptom management
for cancer patients. Research shows that opiate use, especially when
associated with underlying cancer, has significant effects on hema-
tological parameters. These changes may lead to greater risk for im-
munosuppression, tumor growth and progression of metastatic pro-
cesses. The aim of this review is to explore the effects of opiates on
various metabolic and biological processes, as well as the hematopoi-
etic system, especially in cancer patients. Our findings demonstrate
that the tumor-promoting effects of opiates remain contradictory, as
both growth-promoting and anti-tumor effects have been observed.
However, available data suggest that opiates can facilitate the prolif-
eration and migration of tumor cells, and understanding of this pro-
cess on cancer treatment is tremendously important.
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Introduction

According to the European Association for Palliative Care’s
(EAPC) guidelines on tumor-related pain, oral morphine is
the gold standard for treating moderate-intensity pain [1]. The
most commonly used opioids are buprenorphine, codeine, fen-
tanyl, hydrocodone, hydromorphone, methadone, morphine,
oxycodone, tramadol and tapentadol [2, 3].

The main physiological mechanisms of opioid analgesics
have been well documented. However, current data indicate
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that the spectrum of opioid side effects may be much wider
than originally thought. It has been confirmed that the im-
munosuppressive effect of opioid agents is mediated by mu
opioid receptors (MORs), increasing the risk of opportunis-
tic infections in drug users and cancer patients. Furthermore,
it has been suggested that opiates may significantly influence
the proliferation of hematopoetic cells and stimulate cancer-
ous processes [4]. Exploring the effects of opioids on various
hematological parameters may be helpful in understanding the
progression of these devastating conditions.

The primary aim of this review is to explore the effects
of opioid agents on the development and progression of he-
matologic conditions. To this end, we attempted to 1) analyze
the mechanisms of the immunomodulatory effects of opioid
medications, 2) present the most up-to-date information on the
possible effects of opioid drugs on the manifestation and pro-
gression of major hematologic diseases, and 3) discuss how
changes in these parameters may influence the prognosis or the
severity of pathological processes.

Immunomodulatory Effects of Opioid Agents

To date, much information has been accumulated on the basic
physiological effects of opioids. However, the lesser-studied
effects that these drugs have on immune system function have
never before been summarized.

The inhibitory effects that opioid compounds have on
the pattern of immunosecretion are well known [4]. Opiates
have been shown to alter the intracellular signaling pathways
responsible for the development, differentiation and function
of immune cells. Moreover, endogenous opioids can affect the
innate and acquired immune systems by interacting with the
activation of different opioid receptors and altering their ex-
pression. Interestingly, chronic morphine exposure may be as-
sociated with receptor down-regulation and tolerance in neural
cells, causing mu-receptor overexpression in immune cells and
increased Th2 T-helper cell differentiation [5].

Other authors suggest that centrally acting opioid agents
increase catecholamines and steroid plasma concentrations,
reflecting a central activation of sympathetic outflow, thereby
inhibiting the immune response even further [6, 7]. Long-term
opioid use increases activity in the hypothalamus-pituitary-ad-
renal axis, resulting in an increased production of glucocorti-
coids that reduces the cytotoxicity of natural killer (NK) cells.
Opioid agents may also activate the sympathetic nervous sys-
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Figure 1. Potential immunomodulatory effects of opioids.

tem and provoke an immunosuppressive effect, and morphine
can act through type I dopamine receptors, increasing the re-
lease of neuropeptide Y and decreasing NK cytotoxicity [8].

At the level of the cell nucleus, the immunosuppressive ef-
fects of opioids are mediated by epigenetic mechanisms. Tem-
porary connections formed between the MOR gene promoter
and the following are shown in Jurkat T cells upon activation
of MOR: histone H3 trimethylated at lysine at position 4, phos-
phorylated at serine at position 10 and acetylated at lysine at
position 14. They are also formed between the MOR gene pro-
moter and histone H4 acetylated at lysine at the 16th position
and with the chromatin-remodeling protein Brg-1 [9].

Opiates alter the cancerous process by either modulating
proliferation or interfering with differentiation and maturation
of cell progenitors. It has been suggested that mitogen-activat-
ed protein kinases (MAPKs) can be activated by opiates. Mem-
bers of the MAPK family such as the ribosomal S6 kinases 1
and 2 (RSKs) may facilitate G1-phase progression through the
phosphorylation of cyclin-dependent kinase (CDK) inhibitor
p27kipl [10]. Moreover, the extracellular signal-regulated
kinases (ERKs) and the RSKs can also mediate progression
through the G2 phase [11]. Opiates may induce apoptosis via
overexpression of p53 and Bax mRNA and reduced expres-
sion level of Bel-2 [12]. It has been demonstrated that opiates
induce phosphorylation of Bad, a pro-apoptotic member of the
Bcl-2 family proteins via activation of AKT [13].

It has been shown that morphine may activate vascular en-
dothelial growth factor (VEGF) receptors and other signaling
molecules such as AKT and ERK1/2. Stimulation of opioid
receptors which belong to the family of G protein-coupled re-
ceptors (GPCRs) triggers a number of intracellular signaling
processes which leads to the inhibition of adenylyl cyclase ac-
tivity, activation of tyrosine kinases, phospholipase C, PI3K/
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AKT and the RAS/RAF/ERK1/2 signaling pathways [14, 15].
These findings confirm the pro-angiogenic effects of morphine
and other opioid agents. However, high doses of morphine
have also been shown to inhibit the pro-angiogenic activity of
endothelial cells through the increased production of nitrogen
oxide (NO) [16].

Figure 1 summarizes the potential immunomodulatory ef-
fects of opioids.

Opioid agents may also affect a number of characteristics
in immune cells, such as chemotaxis, white blood cell (WBC)
count, lymphocyte proliferation and NK cell activity [17-19].
According to Roy et al (2001), long-term use of morphine has
been associated with significant suppression of interleukin
(IL)-1a, tumor necrosis factor (TNF)-a-induced chemotaxis,
decreased levels of IL-2 and interferon (IFN)-y and elevated
production of IL-4 and IL-5 [20]. This is in contrast to Peng et
al (2000), who stated that mice peritoneal macrophages exhib-
ited elevated expression of IL-12 and TNF-a following admin-
istration of morphine [21].

Haghpanah et al noted that opium-dependent patients
had a significant increase in WBC count, while heroin users
and withdrawal groups had not experienced any significant
changes [19]. Moreover, neutrophil and lymphocyte counts in
heroin- and opium-addicted groups were significantly lower
than expected. By contrast, the red blood cell (RBC) count re-
mained normal, while the hematocrit (HCT) percentage and
the mean corpuscular hemoglobin concentration (MCHC) lev-
el were significantly higher in all study groups [19].

Opiates can directly affect immune system cells through
opioid receptors, leading to a decrease in the proliferation of
T cells in vitro and the production of cytokines [22]. It is also
believed that the suppressor effect of morphine on NK activity
is not a direct result of MOR stimulation but is mediated by ad-
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ditional factors. Mice and rats taking morphine intravenously
experience a significant decrease in the activity of NK cells as
soon as 3 h after injection, and this effect persists for at least
24 h [23]. However, in an in vitro study of morphine effects
(with doses from 3 pg/mL to 32 pg/mL), there was no decrease
in NK activity, but there was an increase in the activity of hu-
man cytotoxic T lymphocytes [24]. Morphine also suppresses
the formation of peripheral blood T cells, an effect that can be
blocked by pre-treatment with the opioid receptor antagonist
naloxone [23].

Opiate-induced immunosuppression appears to be largely
mediated by microRNA (miRNA). Studies at the molecular
level prove that morphine inhibits the production of several
transcription factors and induces miRNAs that inhibit inflam-
matory reactions. The enhancing effects of heroin on HIV rep-
lication processes are based on the heroin inhibition processes
of certain miRNAs (specifically, miRNA-28, miRNA-125b,
miRNA-150 and miRNA-382) that normally limit the repli-
cation of viral particles [25]. Clinical studies confirm lower
levels of several biologically significant miRNAs (in particu-
lar, miRNA-582-5p and miRNA-590-5p) in the blood of long-
term heroin users [26].

MiRNAs have been found to mediate the apoptosis of
immune system cells in opiate users. In experiments in mice,
morphine has been linked to reduced miRNA-873 activity in
spleen cells and in macrophages of the abdominal cavity. Such
apoptosis can be suppressed with miRNA-873 mimetics [23].
We can assume that morphine and other opiates also inhibit the
expression of factor nuclear factor (NF)-kB, which correlates
with a decrease in pro-inflammatory cytokine production. In
some studies, the peritoneal macrophages of mice treated with
micromolar doses of morphine displayed reduced NF-kB lev-
els [27].

Morphine use has been linked to atrophy of the spleen
and thymus cells [23, 28] and to the induction of apoptosis in
monocyte cultures. Changes in the spleens and thymi of mice
and monkeys receiving daily morphine injections for 2 years
were detected at a ratio of CD4 and CDS8 T cells [23, 29]. An-
other study showed that 7 days after mice were implanted with
slowly dissolving morphine granules, the numbers of B cells
and CD4 and CD8 T cells in their spleens and lymph nodes
were reduced [23].

It has been concluded that morphine may increase
chemokine receptor expression but decrease chemokine levels
[23]. Opiate use is linked to macrophage infection of one of
the HIV RS strains since opiates suppress the production of
B-chemokines and increase the expression level of the CCR5
receptor [30]. Suzuki et al showed similar overexpression in
CCRS in a human lymphocytic cell line caused by methadone
[31].

However, it is still unclear whether opiates induce gene
expression of other molecules, such as GPCRs. Recent evi-
dence has shown that many GPCRs, such as endothelin recep-
tors, chemokine receptors and lysophosphatidic acid receptors,
have been involved in the progression of several forms of can-
cer [32]. It appears that opiates may increase the expression of
CXCR4 receptors [33, 34], which may play a crucial role in
tumor invasion and metastatic process [32].

Such effects could have an extremely negative impact on
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cancer patients. However, research data obtained from rela-
tively healthy volunteers and animal models cannot be auto-
matically transferred to cancer patients. The results of a num-
ber of studies are summarized in Table 1 [35-47].

The effect of opioids on immune function may correlate
with the duration of their administration. In some of the studies
included in Table 1, there was a negative correlation between
serum levels of morphine metabolites and immunoglobulins in
patients who had just started taking morphine. In such patients,
there was also a negative correlation between morphine me-
tabolites and indicators of lymphocyte proliferation induced
by phytohemagglutinin (a non-specific T-cell activator). How-
ever, these effects were not observed in patients who had been
receiving morphine for longer than a month.

Some evidence indicates that the method of administra-
tion may influence how morphine affects the immune system.
For example, when it is administered intrathoracically, the ef-
fects tend to be more pronounced than when it is administered
orally. This suggests that the effects of morphine on the im-
mune system are mediated by central mechanisms involving
the central nervous system [8].

Based on the evidence provided above, it should be noted
that not all immune cells are beneficial to the anti-tumor re-
sponse. Moreover, while NK cell activity correlates with can-
cer progression in animal models, these outcomes have not
been properly assessed in clinical settings with humans. Fur-
thermore, the degrees of change in immune response to opioid
dosages necessary to produce a clinically significant effect are
unknown, and it could be difficult to connect opiate-induced
immunosuppression to poorer outcomes in patients with cancer.

Other relevant effects of opiates

Jankovic and Maric (1987) suggested that small doses of en-
kephalins increased humoral immune responses in rats [48].
Evidence has also shown that some opiate agents can func-
tion as cytokines, alternating the function of various cells in-
volved in host immunity. DAMGO ([D-Ala?, N-MePhe*, Gly-
ol]-enkephalin), a synthetic opioid agent with high affinity for
MOR, can provoke the release of monocyte chemoattractant
protein-1 (MCP-1), RANTES and IFN-y from human mono-
nuclear cells [49].

Adham et al detected a significant increase in the level
of serum alpha-2-macroglobulin (a-2-M), the main factor in
the acute phase of inflammation, in drug addicts undergoing
methadone treatment at a rehabilitation center. The patients’
average level of a-2-M was found to be 341 + 14 mg/dL, com-
pared with 231 + 8 mg/dL in a control group (P < 0.01). The
authors attribute this increase to the increased synthesis of
macroglobulin by lymphoid tissues due to chronic antigenic
stimulation of the lymphoid system [50].

Heroin users tend to have increased serum IgY levels in
combination with relatively normal levels of IgG and IgA [51].
Piepenbrink et al found a significant (twofold) increase in the
total number of B cells in heroin users compared with healthy
individuals. Although in this study the total IgG in plasma
was similar in both groups, drug users had significantly higher
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levels of IgG3 and IgG4, indicating chronic B-cell activation.
Several clinical parameters (i.e., an increase in the levels of
plasma metabolites CD40L, TNF-q, transforming growth fac-
tor (TGF)-0, IL-8 and ceramide) may indicate the presence
of systemic inflammation in heroin drug users. Interestingly,
rising levels of ceramide, which have been observed in this
population, can facilitate the penetration of viral particles into
cells and lead to viral infections [52].

These potential side effects should be considered when
prescribing opioid as analgesics. However, it should be not-
ed that the data obtained from monitoring patients receiving
morphine cannot be extrapolated to all opioids because of the
heterogeneous nature of this class of drugs. Other opioids are
significantly different in their physicochemical and pharmaco-
logical characteristics.

The Role of the Opioid System in Hemato-Onco-
logical Conditions

Association of opiate abuse with the manifestation and pro-
gression of various hematologic disorders

Some experts consider intravenous opiate use a significant risk
factor for the development of devastating hematologic condi-
tions [53, 54]. Polyclonal hyper macroglobulinemia (increased
IgM levels) have been detected in drug-dependent individuals
using heroin intravenously [55].

Ahmed et al studied five African-American patients di-
agnosed with Waldenstrom macroglobulinemia at a relatively
young age, all of whom used heroin intravenously. The authors
point out that Waldenstrom macroglobulinemia is a disease
that mainly affects elderly patients, indicating a possible con-
nection between intravenous heroin use and the development
of the disease at a young age [56].

The literature also suggests a connection between the use
of opioid drugs and the development of secondary amyloi-
dosis, a pathological condition in which fibrils composed of
fragments of amyloid A are deposited across the body. Current
epidemiological studies show that diagnostic signs of chronic
inflammation often occur in heroin users. In some regions and
groups, the dynamics of heroin consumption coincide with the
etiological indicators of amyloidosis [57].

Opiate agents and autoimmunity

Only a few studies have attempted to determine factors that
connect opiate use with the development of autoimmune pro-
cesses. Several authors have suggested that administration of
an opiate agent was associated with elevated levels of autoan-
tibodies to mu delta-opiate receptors (MDORs) in non-drug
users as well as in heroin addicts [58, 59].

Experimental autoimmune encephalitis (EAE) in rats has
always been considered a model for human multiple sclerosis.
Panerai et al suggest the possibility of opioid system involve-
ment in the pathogenesis of this autoimmune process. The de-
velopment of EAE has been linked to Thl responses, while
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remission of symptoms is associated with protective Th2 im-
mune response. Research has confirmed the role of opioids in
the modulation of Th1/Th2 responses, with the administration
of naloxone worsening the clinical presentation of EAE and
increasing mortality rates by increasing Thl responses and
suppressing Th2 cytokines [60].

Low-dose naltrexone (LDN) can be administered within
the therapeutic range (when its plasma concentration would
be between the minimum effective concentration for obtain-
ing the desired immunomodulatory action and the minimum
toxic concentration) as an immunoregulator in many autoim-
mune conditions and malignant neoplasms [61]. LDN’s ability
to suppress opioid growth factor (OGF) activity, the inhibitory
growth factor that stimulates p16 and/or p21 cyclin-dependent
inhibitory kinases to slow cell replication, has been proven
to be effective in a number of malignant tumors, including
non-small cell lung cancer (NSCLC) [62], adenoid cystic car-
cinoma [63], ovarian cancer [64] and B-cell lymphoma [65].
LDN affects inter-cell signaling and cell cycle regulation and
reduces tumor growth by blocking opioid growth factor recep-
tors (OGFrs) and upregulating serum enkephalin levels [66].
Additionally, cancer cells previously exposed to LDN tend to
be more sensitive to chemotherapeutic agents [61]. Figure 2
summarizes LDN’s mechanism of action.

Association of opiates with hemolytic and thrombotic con-
sequences

Opiates have been implicated as a risk factor for hemolytic
anemia [67], RBC alloimmunization and significant hemolytic
disease of the fetus and newborn [68] in previous case reports;
however, the mechanisms that lead to these changes remain
unclear. Evidence shows that microangiopathic hemolytic ane-
mia (MAHA) may be triggered by using a non-sterile syringe
to draw up and inject the drug and tablet filler in a non-sterile
environment [67]. Moreover, regular use of opiates can be as-
sociated with increased risk of developing thrombotic micro-
angiopathy (TMA). In 2012, the development of hemolytic
anemia and thrombocytopenia, similar to thrombotic thrombo-
cytopenic purpura (TTP), was reported in several patients with
a history of oxymorphone hydrochloride abuse. However, the
mechanism underlying thrombotic complications from the ad-
ministration of dissolved tablets of oral oxymorphone remains
unclear [69-71].

Other authors have confirmed the presence of MOR in hu-
man RBC, finding that the density of these receptors is signifi-
cantly higher in chronic opiate abusers. They note that eryth-
rocytes from opiate-dependent individuals have a high degree
of deformability (r = 0.74, P <0.005). These data may lead to a
better understanding of hemolytic and prothrombotic changes
associated with illicit drug use [72].

Anti-tumor properties of opiates in hematological neo-
plasms

Some clinical studies report that opioids may have anti-tumor
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Figure 2. Low dose naltrexone’s mechanism of action.

effects in hematologic conditions. It was already known at
the end of the last century that opioid receptors play a role
in the regulation of blood cell differentiation processes [73].
Opioid receptors are present in the cells and interstitial fluid
of bone marrow [74]. They may affect hematopoietic cells in
bone marrow in two ways: 1) by working indirectly through
ILs secreted from stromal cells during stimulation of opioid
receptors, and 2) directly on hematopoietic precursors [75].

In the 1980s, endogenous opioids and receptors were
found in benign and malignant tumors of ectodermal, mesoder-
mal and endodermal origin. A specific, high-affinity, saturable
binding of multiple opioid ligands with neural and non-neural
human and animal tumors was shown. Radio-immunological
analysis confirmed the presence of leucine-endorphin and me-
thionine-enkephalin in the tumors, both of which were found
in tumor tissue in connection with the cortical cytoplasm of tu-
mor cells but not with their cell nuclei [76]. Wick et al showed
that delta opioid receptors (DORs) and kappa opioid receptors
(KORs) are expressed in human peripheral blood lymphocytes
as well as in several tumor lines of human lymphoid cells
[77]. Receptors with high affinity and specificity binding to
met-enkephalin have been found in cells of the NALM 6 line
(B-cell acute lymphoblastic leukemia) and Jurkat cells (T-cell
lymphoma) [78].

Yin el al conclude that morphine may facilitate apoptosis
in Jurkat cells (leukemia) via activation of FADD/p53, anti-
apoptotic PI3K/Akt and NF-kB pathways [79]. Moreover, it
appears that the effect of opioids on atypical blood cells can
be mediated by different types of opioid receptors. An in vitro
analysis of the viability and proliferation of NALM-1 leuke-
mia cells showed that the DOR DSLET agonist and the MOR
DAMGO agonist both reduced cell viability according to the
MTT test 6 h after treatment, while the j-opioid receptor ago-
nist U-69593 suppressed NALM-1 cell proliferation up to 48
h after treatment [80].

It should be taken into consideration that the medications
used to treat hematological conditions can affect the expres-
sion of opioid receptors, meaning that the effects of opioid
therapy can vary. For example, Beltran et al show that treating
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HL-60 promyelocytic leukemia cells with 12-o-tetradecanoyl
phorbol-13-acetate (TPA) leads to a significant increase in the
number of MOR in differentiated HL-60 cells [81].

There is no doubt that when used to treat hematologic con-
ditions, opioids can directly affect tumor cells, but the nature
of such effects varies depending on the type of opioid used.
It is known that methadone inhibits the proliferation of leu-
kemia cells, enhancing their apoptosis, while endogenous and
synthetic opioid peptides can stimulate the cell migration pro-
cesses of early acute lymphocytic leukemia. Differing opioids
and differing target cells lead to very different outcomes [82].

Noscapine, a benzylisoquinoline alkaloid derived from
opium, has been shown to inhibit the development of various
types of cancer, including leukemia and myeloma. While the
mechanism of this process has not yet been fully elucidated, it
has been suggested that the effect is mediated through the ac-
tivation of the transcription factor NF-kB, which is associated
with inflammation regulation as well as progression, invasion
and angiogenesis in cancer cells. Noscapine has been proven to
enhance apoptosis of tumor cells under the action of cytokines
and chemotherapeutic agents, suppressing activation of NF-xB
by inhibiting kB kinase (IKK). It has also been found to sup-
press phosphorylation of the p65 protein, leading to inhibition
of the reporter activity of NF-kB that is induced by various
components of the NF-kB activating pathway. Noscapine also
inhibited activity of the NF-kB-containing COX-2 promoter.
Experimental data obtained to date led the authors to conclude
that noscapine inhibits the proliferation of leukemic cells, thus
increasing sensitivity to TNF and the action of chemotherapeu-
tic agents [83]. It has also been suggested that morphine may
inhibit tumor cell growth via inhibition of NK-«xB activation
and suppression of TNF-a expression in HL-60 promyelocytic
leukemia cells and SKNO-1 leukemia cells [84, 85].

Papaverine, another non-narcotic opium alkaloid with
well-established antispasmodic activity, has shown some anti-
tumor effects, but its potential has been a matter of controver-
sy. As a high-mobility group box 1 protein (HMGB1)/recep-
tor for advanced glycation end products (RAGESs) inhibitor,
papaverine was able to suppress cell proliferation and cancer
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cell migration in human glioblastoma (GBM) [86]. These pa-
paverine properties have been observed in other cell lines, but
the mechanism of the effect can vary [87-89]. Alkaloids such
as narceine have papaverine-like properties but are also ac-
tive on p-opiate and k-receptors. Based on limited data, it has
been concluded that narceine has no proapoptotic or cytotoxic
qualities but may cause some DNA damage on HT1080 fibro-
sarcoma cells [90].

It is well reported in the medical literature that opioids such
as D,L-methadone have an anti-tumor effect. D,L-methadone
may induce cell death in leukemia cells, but the mechanism is
still unclear. Exposure to these agents can occur through the
cyclic adenosine monophosphate (cAMP) system, which regu-
lates several cellular processes and modulates the process of
induced cell death. cAMP levels change upon stimulation of G
protein-specific receptors that inhibit or activate adenylate cy-
clases. Stimulation of opioid receptors can activate inhibitory
Gi proteins, which, in turn, block adenylate cyclase activity.
Enhancing cAMP levels by blocking specific opioid receptors
strongly reduces D,L-methadone-induced apoptosis, caspase
activation and doxorubicin sensitivity. Induction of cell death
in leukemia cells by activation of opioid receptors using D,L-
methadone depends on the expression level of opioid recep-
tors on the cell surface. In this case, doxorubicin increases the
expression of opioid receptors in leukemia cells. Thus, D,L-
methadone and doxorubicin mutually enhance cytotoxicity,
making activating opioid receptors a promising strategy for
increasing the effectiveness of antitumor therapy [91].

Other data show the ways in which opioids affect the ac-
tivity of apoptosis regulatory proteins in leukemia cells. Two
recently described endogenous MOR agonists, endomorphine
1 and endomorphine 2, have been shown to reduce the viability
of cultured HL-60 promyelocytic leukemia cells by inducing
apoptosis through activation of the Bcl-2, Bax and Fas, FasL
signaling pathways [92].

Studies have also shown that methionine-enkephalin may
inhibit the metabolic activity of the leukemic cell line (NALM-
1) [93]. Several in vitro experiments reported the ability of
morphine to decrease signs of blast transformation, especially
in samples obtained from patients with laryngeal cancer [94].
Moreover, we know that the anti-leukemic activity of metha-
done is synergistic with the activity of ABT-737, an antago-
nist of the Bcl-2 protein. Methadone combined with ABT-737
induces distinct changes in the mitochondria of tumor cells
[95], and there is experimental evidence that met-enkephalin
increases apoptosis in human erythroid leukemia K562 cells
[96].

Perez-Alvarez et al witnessed the death of SH-SYS5Y leu-
kemic cells in methadone users. This seemed to be associated
with necrotic processes rather than with typical apoptosis, as
the authors were unable to identify the involvement of typical
apoptosis proteins such as Bcl-X and p53 in these processes.
The methadone-induced cell death occurred independently of
caspases, and the authors hypothesize that the cytotoxic effect
of methadone may be based on its ability to cause a sharp de-
pletion of ATP stores in the cell [97]. However, the effects of
opioid drugs on the formation of reactive oxygen species in
HL-60 leukemic cells have not been confirmed [98]. In con-
trast, morphinone, the final product of morphine metabolism,
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has been shown to cause non-apoptotic cell death in HL-60
cells [99].

There is a possibility that opioids can influence tumor cells
of hematological origin through other non-opioid receptors.
Specifically, it is thought that the common acute lymphoblastic
leukemia antigen CD10 could be involved in the regulation of
enkephalin-mediated inflammatory reactions in phylogeneti-
cally distant organisms [100].

Counter-arguments

Nevertheless, we need to consider that the effects that opioids
have on the hematopoietic cells in a patient with one condition
will differ from the effects they have on another individual.
The results of earlier experimental studies indicated the pos-
sibility of significant differences between the reactions of leu-
kemia cells and the effect of opioid compounds. At first, no
difference was seen between control cells and those exposed
to methionine enkephalinamide in a level analysis of intracel-
lular-free ionized calcium (Ca2") in human T-leukemia Jurkat
cell clones. However, more detailed data analysis found that
methionine enkephalinamide did change the level of intracel-
lular calcium, but only in 20-40% of the cases [101].

It is clear that morphine suppresses the cell DNA synthesis
and population growth (by 50% or more compared to a control
group) of B-lymphoma cells (Namalva cells), but it also acti-
vates (by 1.5 times) the proliferation of K562 myeloid cells
and Jurkat T-lymphoma cells [102]. Similarly, Bosshart found
that morphine given at concentrations of 108 M can signifi-
cantly reduce the release of H,0O, from the cells of acute mono-
cytic leukemia THP-1. This effect, contrary to those described
above, can promote cancerous cell growth [103].

Zhou et al (2019) confirmed that morphine is able to pro-
mote proliferation in blast phase-chronic myeloid leukemia
(BP-CML) K562 and LAMAS84 cell lines, while cell survival
remained unchanged. Moreover, morphine impaired the anti-
proliferative and pro-apoptotic effects of BCR-ABL tyrosine
kinase inhibitor (TKI) and enhanced the self-renewal capac-
ity of human CD34 stem cells. Their experiments revealed
that morphine may influence Wnt signaling via increasing
B-catenin activity and Wnt target gene transcription in K562
and CD34 cells. In addition, morphine suppresses the inhibi-
tory effects of TKIs in cell survival and proliferation in BP-
CML CD34 multipotential progenitor cells [104].

Similarly, in mice infected with leukemia, daily admin-
istration of morphine (10 mg/kg) over a period of 10 days
resulted in increased tumor growth, with signs of atrophy in
the spleen and thymus [105]. Massive lysis of tumor cells dur-
ing a course of chemotherapy can also lead to renal dysfunc-
tion, which makes the patient susceptible to the side effects
associated with morphine [106]. Additionally, while morphine
given to mice infected with the mouse leukemia virus LP-
BMS5 (MuLV) led to an increase in the relative content of mac-
rophages, it had the opposite effect on controls groups [107].

In some cases, the resistance of tumor cells to treatment
seems to be related to the characteristics of the reception of
opioid compounds. One recent study analyzed acute lympho-
blastic leukemia cell resistance to L-asparaginase, the most
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important chemotherapeutic agent in the disease management.
A full-scale genomic analysis and screening of RNA cells of
10 L-asparaginase resistant clones of acute lymphoblastic leu-
kemia revealed that six genes and their products could be as-
sociated with this resistance. One of the revealed genes was
an OPRMI1 opioid receptor gene, encoding the mu 1 recep-
tor. OPRM1 was expressed in all tested leukemia cells, and its
knockdown made the cells resistant to L-asparaginase. Metha-
done, an OPRMI1 agonist, increases the sensitivity of leukemia
cells to L-asparaginase treatment, but it does not have this ef-
fect on OPRM1 knockdown cells. Thus, the loss of OPRM1
contributes to the survival of leukemia cells, probably due to
the suppression of the OPRM1-mediated apoptosis. The cells
of patients with relatively high levels of OPRM1 are more sen-
sitive to treatment with L-asparaginase. OPRMI1 can thus be
used as a biomarker for predicting the effectiveness of chemo-
therapy for acute lymphoblastic leukemia [108].

Opioid use and the risk of infections

Many studies confirm that opioid use can suppress immune
mechanisms in some patients with hemato-oncological condi-
tions [109]. Other authors note a significant weakening of an-
tiviral immunity linked to chronic exposure to morphine. Fur-
thermore, opiates have been found to inhibit the production of
antiviral molecules such as [FN-a, IFN-b and IFN-y [23, 110].

Opiate use is also associated with impaired macrophage
phagocytosis and chemotaxis [22]. Injecting morphine into
mice for 3 days has been found to dramatically reduce the abil-
ity of ex vivo macrophages to kill Candida albicans cells. In
the same study, naltrexone blocked the morphine-induced in-
hibition of Candida albicans phagocytosis [111]. Opioid com-
pounds with MOR, KOR and DOR affinity have shown similar
effects, while selective antagonists of different types of opioid
receptors inhibit such effects. Evidence suggests that morphine
blocks the production of reactive oxygen and the intermediate
products of peroxidation, both of which are involved in the
bactericidal function of neutrophils [23].

In another study, mice implanted with morphine granules
developed sepsis. The mesenteric lymph nodes, peritoneal
cavities, spleens and livers of the animals were found to con-
tain microorganisms normally found in intestinal microflora.
Eisenstein suggests that morphine compromises the integrity
of the intestinal epithelial barrier, causing microorganisms to
enter the systemic circulation [23].

Studies have also shown that morphine increases the sen-
sitivity of the body to infections of Acinetobacter baumannii
and Listeria monocytogenes. Eisenstein et al (2019) noted that
when animals in the control group received a sublethal dose of
bacteria, 100% of the animals survived, while 100% of those
treated with morphine died. Similar results were obtained in
experiments with Toxoplasma gondii: in a group of animals
treated with morphine, mortality reached 86%, while none
died in the control group.

Although it has not been explored further, it can be expect-
ed that these animal experiments do predict human reactions,
especially in immunocompromised patients. Interestingly, in
this study, in cases where the pathogen was administered at
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least 9 days before the administration of morphine, no similar
increase in mortality was recorded [23].

The impact of opiates on prognosis in cancer patients

In 2015, scientists at the University of Texas MD Anderson
Cancer Center carried out one of the largest retrospective stud-
ies ever to look at the effects of opioid drugs on the condition
of patients with acute lymphoblastic anemia. The study in-
cluded all patients undergoing treatment according to the main
protocol between January 1, 2006 and January 31, 2013. Re-
sults showed no statistical difference for risk of death between
patients who received opioids and those who did not. These
results are in contrast with those of similar studies conducted
on patients with prostate cancer and breast cancer, in which
opioid use was associated with an increased risk of relapse and
decreased survival rate [82].

Although it has been concluded that opiates may increase
the risk of cancer relapse, the data from randomized controlled
trials remain questionable [112]. According to a recent retro-
spective analysis of 7,030 patients undergoing elective onco-
logical surgery, combined volatile anesthesia was associated
with an increased risk of death, with a hazard ratio of 1.80
[113]. Another study suggested that IV morphine-equivalent
doses (IVME) > 20 mg/day were associated with worse prog-
nosis compared with doses < 17 mg/day. Based on the data
provided, patients on < 17 mg/day IVME had a mean survival
time of 27 days, while patients on 20 - 25 mg/day IVME sur-
vived only 12 days [114]. Similarly, systemic opioid adminis-
tration with increasing dose was associated with shorter sur-
vival [115]. However, poor survival in patients with advanced
cancer may also be associated with the cancerous process itself
rather than with opiate administration.

Conclusion

Based on an analysis of the literature, it can be concluded that
opiates can negatively affect immune system cells, decreasing
the body’s resistance to pathogenic agents and stimulating can-
cerous processes through the suppression of apoptosis, trig-
gering angiogenesis and tumor cell migration. However, the
literature also contains a significant number of reports on the
anti-tumor effects of widely known opioid agents. As such, it
is important to remember that the dispute over the anti-tumor
activity of opioid series drugs cannot be considered unambigu-
ously resolved. The body of preclinical evidence is certainly
growing; however, strong data to support the use of one spe-
cific opiate or strategy over others are currently lacking.

All studies included in this review were extremely het-
erogeneic due to the differing doses of morphine used, and
the effects may also vary depending upon whether in vivo or
in vitro methods were used. Moreover, some of those studies
were limited in that they included heterogeneous populations,
did not identify clear starting points for opioid use and lacked
information on durations of opioid use. For that reason, their
results cannot show causality, but they may provide some as-
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sociations.

Thus, the available published data indicate that the pre-
scription of opioids to cancer patients should be carried out
with extreme caution to prevent possible side effects and pro-
gression of the underlying disease. At the same time, the pos-
sible anti-tumor activity of some medications in this group
requires further research.
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