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Deer antlers are a bony organ solely able to acquired distinct unique attributes during evolution and all these attributes are against
thus far known natural rules. One of them is as the fastest animal growing tissue (2 cm/day), they are remarkably cancer-free,
despite high cell division rate. Although tumor-like nodules on the long-lived castrate antlers in some deer species do occur, but
they are truly benign in nature. In this review, we tried to find the answer to this seemingly contradictory phenomenon based on
the currently available information and give insights into possible clinic application. The antler growth center is located in its tip; the
most intensive dividing cells are resident in the inner layer of reserve mesenchyme (RM), and these cells are more adopted to
osteosarcoma rather than to normal bone tissues in gene expression profiles but acquire their energy mainly through aerobic
oxidative phosphorylation pathway. To counteract propensity of neoplastic transformation, antlers evolved highly efficient
apoptosis exactly in the RM, unparalleled by any known tissues; and annual wholesale cast to jettison the corps. Besides, some
strong cancer suppressive genes including p53 cofactor genes and p53 regulator genes are highly positively selected by deer,
which would have certainly contributed to curb tumorigenesis. Thus far, antler extracts and RM cells/exosomes have been tried on
different cancer models either in vitro or in vivo, and all achieved positive results. These positive experimental results together with
the anecdotal folklore that regular consumption of velvet antler is living with cancer-free would encourage us to test antlers in clinic
settings.
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FACTS

● The antler is a secondary sexual character of male deer; these
boney organs are the only complex mammalian organ that,
once lost, can fully regenerate.

● During the growth phase (around 70 days), the antlers in males
of the larger species can elongate at a rate of around 2 cm/day.

● The antler growth center is located in the antler tip; based on
gene expression profiling, the cells of the antler growth center are
more like an osteosarcoma than normal developing bone tissue.

● The antler cycle is under the control of androgen hormones,
which are in turn regulated by changes in day-length; the newly
regenerated antler grows in spring following casting of the
previous hard (boney) antler; when the androgens rise in late
summer, and under androgen stimulation, blood supply is shut
down, the velvet skin of the antler dies, the antler stops growing
and matures to bone.

● Tumor-like antlers are known in some species of the deer family;
castration in such species can induce tumor-like antlers or
antleromas to occur.

● Evidence gathered to date indicates the abnormal antlers are
truly benign in nature and can respond to androgen hormones.

● Preparations of the tissue of antlers have been shown
to suppress cancer cell propagation in animal models of

certain types of cancer, such as prostate cancer and
glioblastoma.

OPEN QUESTIONS

● Antlers are an extremely fast growing mammalian tissue but
remain cancer free. Ironically, antler extracts can effectively
retard tumor growth in certain types of cancer. What are the
underlying mechanisms?

● How has the deer evolved mechanisms for highly efficient
apoptosis in the antler growth center to solve the problem of
becoming cancerous during the transient antler
growing phase?

● Is it possible that the annual cycle of ossification and casting
of the calcified antlers removes any residual cells that might
possess a tendency towards neoplastic transformation?

● Have the genes that have been positively selected during deer
evolution and that are highly expressed in the antler growth
center, such as p53 cofactor genes and p53 regulator genes,
helped to prevent antlers from becoming cancerous?

● How do antler preparations (through which factors and
pathways) effectively suppress cancer cell propagation?
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INTRODUCTION
The hypotheses on the cause and on the origin of tumors are a
predominant part of the history of medicine. In 2015, the
provoking work of Tomasetti and Vogelstein’s hypothesized the
‘bad-luck’ intrinsic origin of cancer; accordingly, the lifetime risk of
cancers of many different types is directly correlated with the total
number of divisions of the normal self-renewing stem cells
maintaining tissues’ homeostasis [1], see also [2]. Conversely,
shortly after, the group of Hannun raised the question that the
overwhelming majority of cancers develop following environ-
mental external insults, with only ~10–30% of the risk attributable
to intrinsic factors, thus supporting the “toxic insults” theory [3].
Whilst these hypotheses report correlations, without detailing the
causal underlying molecular mechanisms, the message of these
papers could not be in more strident contradiction, with the effect
of igniting a public debate on this very hot topic [2].
A trade-off model system recently established by Boddy et al.

[4] convincingly predicted that sexually selected traits such as
exaggerated appendages or large body size require high levels
of cell proliferation and appear to be associated with greater
cancer susceptibility. Trade-offs between reproductive competi-
tiveness and cancer defenses may be instantiated by various
mechanisms, including higher levels of growth factors and
hormones, less efficient cell-cycle control and less DNA repair, or
simply a larger number of cell divisions. For example, after the
artificially selected for daily ovulation of jungle fowl hen, the
occurrence of their ovarian cancer advanced significantly to as
young as 2 years of age, and the incidence of ovarian cancer
increased sharply to 30–35% of the population (highly malignant
disease by 3.5 years of age) [5, 6]. In women, the reduction of
ovulation associated with the number of pregnancies is loosely
related to less ovarian cancers [7]. Boddy et al. [4] believe that
selection for (1) rapid cell proliferation could simultaneously
enhance extreme trait expression as well as cancer formation,
which may involve mutations or epigenetic silencing of cancer
suppression genes; and (2) increased allocation of energy to
reproductive traits rather than to somatic maintenance could
elevate cancer risk by increasing somatic mutation rates, which
could be due to altered allocation of a finite energy pool towards
reproduction at the expense of somatic maintenance, such as
DNA repair or immune defenses.
An exception to this aforementioned trade-off model, the deer

antlers, arguably the fastest growing mammalian tissue, have not
been reported thus far to grow malignant tumors. Therefore, Goss
[8] has called antlers improbable mammalian appendages, solely
because they have evolved a few unique attributes that are in
defiance of all known general rules in life science, such as annually
full regeneration from their pedicles, the permanent bony
protuberances [9, 10]. In this account, we will focus on reviewing
one of the antler’s unique attributes, unprecedented growing rate
but barely subject to neoplastic transformation, based on the
currently available information [11].

The fastest growing tissue
The annual cycle of antler regeneration starts from the top of the
pedicle immediately after casting of the previous hard bony
antler in spring (Fig. 1Aa). The fastest growing period of antlers
occurs in late spring and early summer (Fig. 1Ab), with the
elongation rate reaching more than 2 cm/day. Fully grown
antlers (around 90 days of growth) in large species can be over
1.5 m in length with annual repeating species-specific branch
patterns; and undergo total calcification and velvet shedding in
autumn (Fig. 1Ac). Dead exposed antlers are ready for fighting
during the rutting season in late autumn. During the post-rut
period over the winter, the dead bony antlers remain firmly
attached to their living pedicles (Fig. 1Ad) until casting again
next spring (over half a year), then triggers another cycle of
antler regeneration [12].

Unprecedented elongation rate in the animal kingdom. Wound
healing over the pedicle stump is a rapid regeneration in nature
although the healing skin is atypical called velvet skin, and
normally is complete within a week in red deer or sika deer [13].
The early antler bud or blastema [14] starts to establish as soon
as the wound healing is complete (Fig. 1B left). Once the antler
blastema is properly formed, antler elongation starts to accel-
erate to a phenomenal rate, and this is clearly evident by day 15
after casting [15]. Even in medium-sized deer, such as sika deer,
the elongation rate may reach 13 mm/day (Fig. 1B right) [16], and
in some larger species, like North American wapiti, can reach
27.5 mm/day [17]. For some extreme examples, wapiti or red
deer (Fig. 1C) can produce 30 kg or so antlers in weight around
70–80 days of growth, with over 400 g of fresh tissue being
added to the growing antlers per day. It is a formidable challenge
for a body weight of 180–200 kg animal to produce over 1/6
tissue mass of the whole-body each year within such a limited
period.

Histological make-up of the antler growth center. Since antler
growth is so fast, one would inevitably ask where the growth
center is located in the antler? Interestingly, the antler growth
center was initially identified in a very primitive but effective way
cited by Chapman [18]: a metal screw was inserted into an early
growing antler at the level 3.5 cm from the base and 1.5 cm from
the tip; 11 days later, the distance of the screw to the base was
unchanged, but to the tip became to 5.5 cm. Thus, the center for
antler elongation was determined to be at its tip (Fig. 1D Left
upper).
The antler growth center histologically comprises three layers

[19] distoproximally: reserve mesenchyme (RM), precartilage
(PC), and cartilage (CA; Fig. 1D Left lower, Mid 1 and Mid 2). By
means of the BrdU labeling approach to pinpoint proliferation
cells in the antler growth center in vivo, Li et al. [20] found that
the RM layer can be further divided into outer (OR) and inner (IR)
two sublayers. The OR is essentially devoid of dividing cells,
whereas the dividing cells are very densely populated in the IR
(Fig. 1D Right). Therefore, it is the extensive cell proliferation in
the IR that constitutes the main force driving antler elongation to
that astonishing speed. Interestingly, the OR may constitute a
stem cell reservoir to replenish the gradually exhausting
proliferating cells in the IR [20].
The rapid proliferation of RM cells is stimulated by insulin-like

growth factors (IGFs), and the RM cells react to IGF1 in vitro in a
dose-dependent manner [21]. This stimulation may be achieved
through direct binding to the RM cells, as an abundance of both
type I and type II IGF receptors have been detected in the antler
growth center [22, 23]. Expectedly, fastest antler growth always
coincides with the highest peak period of circulating IGF1
[24, 25].

Underpinning genes. With the ability to achieve such an
astonishing elongation rate, antler growth must be underpinned
at the gene level. Indeed, Wang et al. [26] reported that gene
expression profiles of fast-growing antlers are more similar to
osteosarcoma (r= 0.67–0.78) than to normal bone tissues
(r= 0.33–0.47), showing similar patterns of developmental pro-
grams in antler growth and oncogenesis. In the study, Wang et al.
[26] found that 3 proto-oncogenes (FOS, FAM83A, and REL) were
under positive selection and 5 growth factor and receptor genes
(FGF19, FGF21, FGFBP3, PDGFD, and PDGFRL) were highly and
specifically expressed in growing antlers. In addition, a deer-
specific highly conserved element (HCE) was located in the 3ʹUTR
of NOVA1, a gene that is believed to activate telomerase and
promote tumor growth in vivo [27]. Analysis of differentially
expressed genes between antler and osteosarcoma revealed the
enrichment for cancer- and metabolism-related pathways. Accord-
ing to the findings of Wang et al. [26], it seems possible that in
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order to successfully complete the growth phase of such huge
appendages (up to 30 kg), proportional to their body size within a
limited timeframe (around 90 days), deer have adopted molecular
machinery that cancer cells use to drive their development.

The least cancer organ
Although the velocity at which antlers elongate far exceeds that of
most cancers, antlers are remarkably free from neoplasia. This
apparent absence of cancer in antlers may simply reflect the fact
that most tumors require more than a few months to develop.
During their limited growth period, antler cells form the bone
tissue that is identical histologically to their somatic counterpart
with proper Haversian systems [28, 29]. Revealing the mechanism
as to how can such extremely rapidly proliferating mammalian
cells stabilize their genome and avoid becoming cancerous would
undoubtedly help our understanding how some of the kinds of
cancer develop.
There would seem to be no reason why velvet antlers ought not

to become cancerous, for they are composed of many of the same
tissues which can develop tumors elsewhere [8]. A question, thus,
arises as to whether there might be a wider perspective on

whether deer themselves are protected from neoplasia. Interest-
ingly, the cancer incidence rates are ~5 times lower in deer than in
other mammals according to the records from both the
Philadelphia (0.4–0.8%) and San Diego (2.1–4.6%) zoos [30, 31].

Contrast of energy metabolism: TCA cycles vs glycolysis. Most
malignant cells utilize anaerobic glycolysis rather than aerobic
oxidative phosphorylation as the major metabolic pathway to
generate ATP [32]. The shift of energy metabolism from oxidative
phosphorylation (TCA cycle) to glycolysis is known as the Warburg
effect [33]. Glycolysis has now been known as one of the hallmarks
of malignant tumors [34]. Therefore, we sought to define the
energy pathway in the RM cells of fast-growing antlers compared
with mouse mesenchymal cells (non-cancerous) and Hela cells
(cancerous) using Seahorse XF Analyzer. The results demonstrated
unambiguously that the energy source of the RM cells was almost
entirely obtained from the TCA cycles (Fig. 2A), suggesting that
the antler is a type of normal tissue.
Tumors are heavily dependent on glucose for energy through

glycolysis, but are often in a glucose-deprived state. Surprisingly,
solid tumors are apparently resistant to glucose deprivation [35].

Fig. 1 Fastest growing tissue. A Antler growth cycle in red deer. a casting surface of a pedicle immediately after the hard antler drops off in
spring, note that the surface was still with fresh bleeding; (b) early-mid fast growing stage antlers in early summer, note antlers acquired three-
branches and enveloped in special pelage, the velvet; (c). fully calcified antlers in autumn, note that velvet shedding was nearly completed;
(d) exposed dead antlers firmly attached to their living pedicles in winter. B Antler regeneration in sika deer. Left, wound healing has
completed over the top of the pedicle (P), note that healing skin is the typical velvet and early regenerating antler bud (A) has formed; Right,
mid-late growing stage antlers with 3-branches, note that at this stage antler elongation rate can reach 10–20mm/day. C Farmed red deer
with huge multi-branched antlers. The weight of the antlers can be estimated around 30 kg. D Antler growth center localization in red deer.
Left panel: upper photo, mid growth stage antlers with 3-branches, note that tip of the antler was removed at the level of dotted line for the
investigation of histological makeup of antler growth center; lower photo, longitudinally cut surface of the antler tip from the upper photo,
note that three layers can be morphologically distinguished, i.e., reserve mesenchyme (RM), precartilage (PC) and cartilage (CA) (for detailed
classification, refer to Li et al, 2002); Mid 1: Higher magnification of the antler center from the left panel; Mid 2: Same tissue of Mid 1 but with
histological staining to show the differentiation of three layers, note that RM layer can be further divided into two sublayers based on the
staining: outer (no staining) and inner (blue staining) sublayers, PC is essentially no staining, and CA has heavily blue staining; Right panel:
BrdU labeled RM layer, note that RM outer layer is essentially devoid of BrdU labeled cells, whereas inner layer cells are intensively labeled, as
BrdU only labels dividing cells, thus antler elongation is mainly driven by the proliferation of RM inner sublayer cells.
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Wu et al. [36] subsequently discovered that lactic acidosis
constitutes a potent tumor microenvironmental factor that allows
cancer cells to strongly resist cell death induced by glucose
deprivation, thus significantly extending the survival time of
cancer cells under such conditions. Lactic acidosis arises as the
tumor exhibits abnormally high glycolysis and converts a

considerable amount of glucose to lactate [37]. Therefore, to
further examine glucose metabolism in the antler, we compared
lactic acid levels in the culture medium of RM cells of fast-growing
antlers and mitotically-quiescent pedicle periosteal cells (PP cells),
from which RM cells were derived; (Li et al. [9])with Hela cells
(cancer cells) as the control. After 48 and 72 h in culture, lactic acid

Fig. 2 Least cancer organ. A, B Energy metabolism pathway of the RM cells in the antler growth center, note that RM cells obtain their energy
were mainly through TCA cycles. OCR oxygen consumption rate, ECAR extracellular acidification rate, MO mouse osteoblasts, RM antler
reserve mesenchymal cells, HeLa cancer cell line. A Tested using Agilent Seahorse XF Analyzer, note that both RM and MO cells fell in the
quadrant of aerobic and quiescent; whereas, HeLa cells were within the area of the glycolysis quadrant (Sun et al., unpublished). B upper.
Production of lactic acids, note that lactic acid level generated by HeLa cells was highly significantly higher than those of M, PPP and DPP cells.
M, RM cells; PPP, potentiated pedicle periosteal cells; DPP, dormant pedicle periosteal cells. RM cells are initially differentiated from the PP cells.
B lower. Expression levels of the genes involved in either Aerobic respiration or Anaerobic metabolism, note that RM cells highly significantly
expressed genes related to TCA cycles compared to the quiescent pedicle cells; whereas, no general conclusion can be drawn from the
expression levels of the genes related to glycolysis among three deer cell lines (Guo et al, unpublished). C Tumor-like nodules on the castrate
antlers of fellow deer, known as “antleromas”. D Wig-like antlers grown by a castrated roe deer, known as “peruke”. E Tumor-like nodules on the
castrate antlers of reindeer. F, G Antlers grown by castrated sika deer, note that although these antlers were deviated from their species-
specific shape, they did not form tumor-like structures. F Three years after castration. G Four years of castration. H Antlers grown by a
castrated red deer, note that the specie-specific antler shape was pretty much retained.
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levels of both antler and pedicle cells achieved about half of that
of Hela cells, with no significant difference between the deer cells
(Fig. 2B upper) either in the state of mitotically active or quiescent.
Relevant TCA cycle genes were highly significantly expressed in
the RM cells than in the PP cells (Fig. 2B lower), indicating that fast
proliferating cells (RM) require more energy than the mitotically
quiescent cells (PP cells; Guo et al., unpublished). Overall, all these
results demonstrate that antler cells obtain their energies through
TCA cycles rather than glycolysis, therefore they are from normal
tissue. Interestingly, the differences in expression levels of the
glycolysis-related genes between the antler cells were negligible.

Tumor-like antlers are truly benign tissue. Cancers often require
long periods of development before becoming overt, but antlers
are transient structures and normally remain viable for only
3 months until their elongation slows down and the velvet skin is
shed from the fully calcified and dead bone [38]. Given this
constrained lifespan, one wonders what would possibly happen if
growing antlers are allowed to grow longer or indefinitely,
through suppression of circulating androgens by means of
castration, for example.
Castration has the interesting effect of prolonging the life of the

antler indefinitely. If carried out at the hard bone stage (in
autumn-winter), the hard antlers are cast within two weeks (owing
to the abrupt decline in circulating androgens) and new soft
antlers start to grow. These castrate antlers remain immature and
fail to peel off their velvet skin. If deer are castrated while their
antlers are at growing phase (spring-summer), such antlers remain
viable for deer’s life [39]. Although antlers of castrated deer are a
perennially living tissue, Goss [8] reported that these antlers do
not grow incessantly but stop elongating when their normal
dimensions have been attained (despite the continued absence of
androgens). However, they resume growth in the following spring
as the day length increases, but this growth mainly causing
increase in thickness rather than length, and eventually produces
tumorlike nodules in some species, such as fellow deer (Fig. 2C).
Again, growth is not continuous, but ceases until the following
spring when the nodules may mushroom into amorphous tumors
known as “antleromas” [40]. In castrated roe deer, antlers are
referred to as perukes because of the way they grow down over
the head like a wig (Fig. 2D). The castrated white-tailed deer, mule
deer and reindeer (Fig. 2E) have also been observed to produce
amorphous growths on the surfaces of their antlers. It would be
interesting to see if the soft tumors on the castrate antler can
survive the surge of circulating androgen hormones, which
naturally cause the demise of the entire antler via full calcification,
when dissociated from the antler maturation phase, such as being
ectopically transplanted elsewhere on deer body
The nature of antler tumors grown by castrated deer is not well

understood. They may not even be the same in different species.
Perukes of roe deer have been reported to contain bone although
overwhelmed by the skin component [38]. The antleromas of the
fallow deer were believed to be made up of quantities of
disorganized collagen fibrils with interspersed fibroblasts and
blood vessels [40]; but later on, antleromas were found also
contain bone tissue [41]. Thus far, members of the genus Cervus,
such as sika deer (Fig. 2F, G), red deer (Fig. 2H) or wapiti, are not
known to grow tumor-like nodules following castration [40]. Why
some species form tumor-like tissues on their castrate antlers
while others do not is not known and deserves further
investigation. Goss [8] stated that antleromas in fellow deer,
perukes in roe deer, and their counterparts in Odocoileus deer
may well represent abortive attempts to produce antlers in the
absence of the morphogenetic factors normally responsible for
prescribing shape, rather than the true neoplastic tissue.
The fact that such overgrowths in antlers of castrated deer in

some species exhibit annually recurring activation and cessation
suggests not only that control of growth is still effectively

operational in these tumor-like nodules, but also that this control
is exerted by some non-gonadal hormones (circulating steroids
are barely detectable in spring), such as IGF1 [24]. The even
stronger evidence for claiming that antler tumors are benign is the
response of these structures to treatment with high doses of
exogenous testosterone where they become totally calcified and
dead tissue [42]. Consequently, these so-called antler tumors or
antleromas are likely to be the true benign tissue, which may only
represent the example where growth is devoiced from morpho-
genesis. To substantiate their trade-off model, Boddy et al. [4]
used antleromas as an example. However, we do not believe this
is appropriate because (1) antleromas are truly benign as they are
still under the control of endogenous signals and do not go
metastasis; (2) antleromas are only confined to certain species
such as fellow deer and roe deer, but not to others, such as Cervus
genera, and antlers from some species of the Cervus genera
(wapiti and red deer etc.) are much bigger than fellow and roe
deer but do not undergo such neoplastic-like “transformation”.

The possible strategy for preventing neoplastic
transformation
To find the answer to the question of why the fastest-growing
antler tissue does not go cancerous is as challenging as it is
intriguing. Based on the currently available insights, deer have
evolved at least the three possible strategies that contribute to
this phenomenon.

Highly efficient cell apoptosis mechanism. Tissue growth and
remodeling, especially at the extremes of growth rate, require very
rapid cell proliferation, differentiation, and programmed cell death
[43]. The unprecedented rate of antler elongation is achieved
mainly through intensive cell proliferation in the IR sublayer of a
growing antler tip [20]. Interestingly, Colitti et al. [44] found that
the percentage of apoptotic cells was the highest in the IR (up to
64%) of the growing antler, and this was higher than that
recorded in any other adult tissue. Likewise, the ratio of
proliferation to apoptosis was also highest in the IR (up to 22%).
Furthermore, these authors detected high-level expression of both
Bcl-2 and Bax in the mesenchymal tissue, likely in the cells with a
precancerous state, which can be ascertained via single-cell
sequencing. It is known that one of the major intracellular
apoptosis cascades is the mitochondrial pathway [45] and that this
pathway is regulated by members of the BCL-2 protein family
including Bax for pro-apoptotic activity, providing further support
for the localization of vastly apoptotic cells in the IR. Colitti et al.
[44] postulated that this extensive cell death phenomenon
probably reflects the formidable rate of morphogenesis and
tissue remodeling that takes place in a growing antler. However,
this high rate of apoptosis would also be expected to prevent the
aberrant cells, being resulted from the fastest proliferating
process, to undergo neoplastic transformation.
In conclusion, the very high proportion of apoptotic cells must

be one key to the maintenance of a well-organized antler tissue, in
that a highly efficient apoptotic mechanism coupled with a short
period of active growth has resolved the problem of aberrant cells
surviving and going cancerous, at least as temporary expediency.
In this respect, understanding how apoptosis is triggered in the
antlers of castrated deer could be revealing, albeit that there could
well be variation between species.

Total calcification and an annual wholesale cast of the antler. An
apoptotic strategy, especially in those potentially transformed cells,
during the rapid antler growth phase, is very powerful in preventing
neoplastic transformation but may not be “once and for all”, so deer
invented another effective means, arguably the most powerful one,
to completely prevent this to happen by annually killing the tissue
through total calcification [46]. Each year in late summer/autumn,
growing antlers (Fig. 3A) become totally calcified and all cells died
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(Fig. 3B) due to a sharp increase in circulating androgen hormones
just prior to the starting of rutting season [39, 47, 48]. Initially dead
antlers are firmly attached to their living pedicles (Fig. 3C) but in
spring, these hard antlers are naturally cast due to robust activities
of osteoclasts along the interface between the dead antler and
living pedicle (Fig. 3D, E). It may be totally another question how
deer have evolved the mechanism of jettisoning the corpse in the
first place, but the phenomenon of seasonal demise and wholesale
casting of the antler may have served the purpose of the second
and the most thorough checkpoint for the neoplastic transforma-
tion during the deer’s life.

Positive selection of cancer suppressive genes specific to deer.
Besides efficient apoptosis [49–51] and annual wholesale casting,

positive selection of some strong cancer suppressive genes to
deer during evolution have been discovered recently through
transcriptomic and comparative genomic analyses [26]. The
positive selection of cancer suppressive genes may have
constituted the third strategy of cancer prevention in deer. These
genes include three p53 cofactor genes (PML, NMT2, and CD2AP)
and five p53 regulator genes (ELOVL6, S100A8, ISG15, CNOT3, and
CCDC69), all of which are strongly expressed in the growing antler
(Fig. 3Fa). Given these genes and cofactors have functions in the
p53 pathway [52–54], it suggests that deer may have evolved an
enhanced TP53 signaling pathway to constrain tumor growth.
Among these, the tumor suppressor gene PML is of particular

interest. It has 11 deer-specific non-synonymous changes and
carries the strongest signal of positive selection detected in deer.
PML is a transcriptional coactivator of p53, and its overexpression
enhances p53 transcriptional activation and leads to arrest of cell
growth [55]. The TP53 signaling pathway plays a central role in the
regulation of cell division and prevention of tumor formation
[56–58]. TP53 itself has also been identified as a rapidly evolving
gene in the deer lineage from the evolutionary analysis of 51
ruminant genomes [59]. Several other tumor suppressor genes
which appear to be under positive selection in deer are also
expressed in antlers; these include ADAMTS18 (Fig. 3Fb), a
member of the ADAMTS family. Several genes (TP73, TP53I13,
SLF1, RHNO1, and DDB2) involved in DNA damage response
pathways are also evident in deer-specific evolution. Of these,
TP73 and TP53I13 which suppress tumors through their roles in
the p53-mediated DNA damage response pathway [60] are
specifically expressed in antlers [26]. Recently, the team, who
discovered those tumor suppressor genes, led by Prof. Wang is
actively investigating the roles of these genes in human tumor
cells through the approach of gain-of-function analysis. The
preliminary results have been encouraging, particularly with the
overexpression of PML genes (personal communication). Overall,
the deer-specific expression and genetic changes in these tumor
suppressor and DNA repair genes may play important roles in fine-
tuning of the regulatory network of rapid antler regeneration, and
at the same time helping prevent the onset of cancers.
Now one wonders how such a thing can be possible for an

organ that has adopted the way of cancer metabolism in order to
form the tissue mass proportional to the body size of its carrier in
a very limited timeframe; on the other hand, the carrier evolved
potent ability to activate anticancer genes to counteract the
tendency of neoplastic transformation of rapidly proliferating cells
in the organ. One possible explanation would be that tumor
suppressor genes only selectively express in some cells, such as
pre-cancerous cells; but not in others in order for keeping these
cells in fast proliferation mode, which is evidenced by the
differential proliferation rate among these cells (personal observa-
tion).
Revealing the mechanism underlying the fine balance between

the unparalleled growth rate and maintenance of genome stability
in the antler model would undoubtedly help further under-
standing of the initial occurrence of cancer and devise more
targeted drugs for cancer treatment.

Applications in the clinic?
Although not being recorded and formally published in the
literature (but normally stated in the textbooks, such as Ma et al.
[61]), anti-cancer activities of velvet antlers have been frequently
talked about by folks. For instance, to deer themselves, people
who have long, intimate experience with deer, such as deer
farmers and hunters, would notice that deer are almost disease-
free, certainly including tumor-free, during the period of velvet
growing season, but not before (till early antler growing stage) or
after (artificially removed during the growth period for velvet
production or reach to the final calcification stage naturally). To
humans, people who live in deer hometowns in Northeast China

Fig. 3 Possible strategy for preventing neoplastic transformation.
A Huge size of velvet antlers grown by a red deer stag in summer.
B Huge size of hard antlers grown by a red deer stag in autumn,
note that the antlers were fully calcified and dead. C Interface
between dead hard antler (HA) and live pedicle (PE), note that
texture of hard antlers are dense and white, and live pedicles are
densely populated with blood vessels (red thread-like). D, E Process
of hard antler (HA) casting from its living pedicle (PE). D At lower
magnification, note that abscission line had developed between the
antler and pedicle. E Higher magnification to show the abscission
line, note that osteoclasts were densely distributed along the
abscission line (arrows). F Examples of positively selected tumor
suppressor genes in deer. A Gene models showing deer-specific
mutations of two positively selected tumor suppressor genes, PML
(a) and ADAMTS18 (b), note that PML genes has the strongest
selection signals detected in deer. (modified from Fig. 4A, Wang
et al. [26]; courtesy of Prof. Qiu Qiang).
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believe that the consumption of velvet antlers not only boosts the
immune system, anti-fatigue and enhances sexuality, but also
suppresses tumor formation. Thus, regular consumers of velvet
antlers are rare dead of cancer. Therefore, it would be very fruitful
to carry out a formal survey to register whether the inverse
relationship between antler and tumor is purely coincidental or
causal.
From the foregoing review of the relationship between the

fastest-growing speed and lowest cancer incidence in antlers has
inspired researchers to consider the antler model in addressing
some aspects of cancer treatment. One approach has been taken,
i.e., to treat cancer-bearing animals by directly applying different

types of antler preparations (such as extracts, powder, and slices).
The second, still speculative though, is to induce total calcification
of developing tumors. The latter is inspired by the phenomenon of
the annual demise of deer antlers through intensive
mineralization.

Effects of velvet antler preparations on different types of cancers.
Deer antlers have been used in traditional Chinese medicine (TCM)
for over two thousand years as tonics and for treating different
diseases [62]. To retain the maximum medicinal value, antlers are
harvested during their rapid growing phase; and as these antlers
are still enveloped in the velvet skin, so-called velvet antlers. After
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removal, velvet antlers are either dried in a traditional way (boiling
and air-drying) or by freeze-drying. Dried antlers are further
processed to final form as slices, powder, or extracts.
Given the evidence for the lack of neoplasia in the growing

antler and the positive selection for cancer suppressive genes
during deer evolution [26], the hypothesis is that some ‘gene
products’ (including downstream derivatives) of these tumor
suppressor genes would show anticancer activities. Therefore,
given some survival of active forms of these ‘gene products’
through processing, the interest is in the evaluation of processed
velvet antler extracts (particularly through freeze-drying) for their
anti-neoplastic properties.
The first relevant experiment relating to the anti-cancer effects

of velvet antler extracts (VAE) was reported by Fan et al. [63] in
mice inoculated with sarcoma180 cells. They showed that
administration of VAE via intraperitoneal injection significantly
prolonged the life of the cancer-bearing mice from 15 to 20 days.
Xiong et al. [64] achieved even more dramatic results by applying
VAE of the antler tip in the same animal model (sarcoma 180 cells)
via intraperitoneal injection. They found that VAE treatment
significantly reduced tumor weight (0.52 g vs 3.11 g in control),
and prolonged the life of tumor-bearing mice (42.2 d vs 19.2 d in
control). Fraser et al. [65] reported treatment of colon cancer in a
mouse model where oral administration of VAE effectively
decreased the severity of colon cancer, evidenced by a prolonged
the survival period and reduced the tumor weight of mice injected
abdominally with sarcoma 180 cells. Hu et al. [66] found a
polypeptide extract effectively inhibited the proliferation and
telomerase activity of the rat breast cancer cell line MA782 in vitro.
AVE has also been evaluated in prostate cancer (PC) by Tang

et al. [67] and Yang et al. [68]. They reported that VAE significantly
inhibited proliferation and formation of colony units of PC cells
(LNCap and PC3M cell lines, respectively); whereas, no adverse
side-effects were detected in the non-cancer cell lines; and even
with strong mitogenic effects on some of these cell lines (such as
HEK 293). Subsequently, Tang et al. [69] carried out a study on
mice and found that VAE was administered via gavage and
effectively inhibited tumor growth (Fig. 4A), evidenced by
significantly reduced tumor size (Fig. 4B) and weight (Fig. 4C) as
effectively as cisplatin for the PC, but did not show adverse
side-effects. Given cisplatin is one of the important chemother-
apeutic agents for the treatment of various cancers, but has severe
side effects [70]. Therefore, if the VAE is used to treat PC patients, it
would be predictably safe and effective.
In the last few years, we participated a project led by Prof.

Landete-Castillejos using VAE from growing antler tips to treat
glioblastoma cell lines T98G and A172 in vitro [71]. Glioblastoma is a
type of neuronal cancer that has a rather low survival rate. The
results convincingly demonstrated that VAE significantly inhibited

A172 proliferation (Fig. 4D); whereas, had strong positive mitogenic
effects on HEK 293 (Fig. 4E), indicating no adverse side-effects of
VAE on non-cancerous cells/tissues. Furthermore, VAE significantly
stimulated the formation of colony units of non-cancerous cell line
HACAT, but inhibited cancerous cell line T98G doing so (Fig. 4F).
Overall, VAE from the antler tip has the similar anti-glioblastoma
effect to TMZ, but no adverse side effects are detected. Therefore,
VAE contains bioactive compounds with tumor suppressor proper-
ties and might be developed as a valuable therapeutic drug for the
treatment of glioblastoma in the future.
Recently, our group investigated the effects of antler RM cells

(antler growth center cells) on the proliferation of human
osteosarcoma cell line U2OS via a co-culture approach. The
preliminary results showed that RM cells significantly inhibited
U2OS cell proliferation; whereas, significantly increased 3T3 cell
proliferation (Hu et al, unpublished). Suppression effects of the RM
cells/exosomes on human osteosarcomas in vivo are currently
under investigation. These results not only demonstrate that antler
growth center cells have suppression effects on a certain type of
cancers but also have a reasonable wide spectrum of anti-tumor
activities.

Antler full calcification gives insights into the treatment of prostate
cancer. The prostate is an unpaired (two halves) accessory
(parenchymal) gland of the male reproductive system; located
between the bladder and the urogenital diaphragm and
surrounding the root of the urethra (Fig. 4G). The occurrence of
PC is generally related to genetic factors. Although PC can be
treated successfully at an early stage by radical prostatectomy or
radiation therapy, most patients later experience local recurrence
and distant metastases [72]. Not uncommonly, after short-term
remission (18-24 months), surviving tumor cells recur, causing
castrate-resistant PC (CRPC) with inevitable progression and death
within 2–3 years in most men [73, 74]. In CRPC progression, tumor
cells acquire the ability to both survive in the absence of
androgens and proliferate using non-androgenic stimuli for
mitogenesis [75].
Calcification of prostate gland tissue in humans has been

reported particularly in aged men, but only in a very localized
manner (foci) under normal levels of circulating sex hormones
(Fig. 4H). Calcification is normally caused by chronic inflammation
due to the deposition of the calcium salts in the acini of the
prostate gland. If the mechanism of the total calcification of antler
tissue under high levels of circulating sex hormones can be
defined, PC tissue may be efficiently killed through targeted
administration of high levels of androgens, possibly preferentially
fully calcifying the interstitial tissue from which collagens are
secreted. In so doing, the life of the patients may be effectively
prolonged.

Fig. 4 Insights into clinic use. A Nude mice bearing human prostate cancer; note that VAE treatment significantly inhibited tumor growth
compared to the positive control (no treatment). VAE, velvet antler extracts; Cis, cisplatin; AEL, low concentration of VAE; AEH, high
concentration of VAE. B Tumor size from the different treatment groups; note that the size of tumors from the AVE treated groups are
comparable to that from the Cis treated groups (positive control). C Tumor weight from the different treatment groups; note that the weight
of tumors from the VAE treated groups are comparable to that from the Cis treated groups (positive control). (Figures A–C: Modified from
Fig. 2. Tang et al, 2018. Courtesy of Dr Yujiao Tang). D, F Effects of AVE treatment on glioblastoma cell line T98G and non-cancer cell line
HEK293. D VAE significantly inhibited T98G cell proliferation compared to the control, and in a dose-dependent manner; (E) VAE significantly
stimulated T98G cell proliferation compared to the control; and (F). VAE significantly reduced toxicity of TMZ to HEK 293 cells. TMZ,
temozolomide; 519L1, extract of a growing antler tip of #519 red deer. (Figures D–F: Courtesy of Dr Louis Chonco). G Schematic drawing of
prostate glands (arrows), note that the glands are located between the bladder (asterisk) and the urogenital diaphragm and surround the root
of the urethra. H A computed tomography (CT) scan of prostate gland, arrows point to the localized foci of calcification. I, J Cartilaginous
columns in the cartilage zone of the antler growth center, note that these columns were subjecting intensive calcification (black color) around
the lacunae of chondrocytes. I At the more distal end of the zone, note that the column was still forming and mature chondrocytes located in
the center that were initializing mineralization. J At the center region of cartilage zone, note that cartilaginous cells of the entire column had
matured and subjecting intensive mineralization. (Modified from Fig. 13 and 14, respectively, after Banks and Newbrey, 1982). K, L Cell
proliferation rate either singular or co-cultured with antler RM cells via CCK8. K Human osteosarcoma cell line U2OS (cancer cell line);
(L) Fibroblast cell line 3T3 (normal cell line). Note that when co-cultured with antler RM cells, proliferation rate of U2OS was significantly
decreased; whereas, that of 3T3 was significantly increase (Hu et al., unpublished).
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