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Abstract

As mammals age, the cells of the immune system (I8¢cline quantitatively and functionally,
concomitant with which diseases such as cancer pmagsively increase in frequency. We have
previously demonstrated in normal, juvenile mice tlat a specific, proprietary extract of North
American ginseng, i.e., CVT-E002, is capable of sigicantly, quantitatively stimulating IS
cells. We have previously revealed that the mechams responsible for the low numbers of
immune cells seen in both juvenile and aging micaavery different. In the present study, we
assessed the ability of CVT-E002 to restore/stimutia the declining immune cell numbers of
aged mice. CVT-E002 (80mg in 6 gm chow/mouse) wagded to the chow daily of 22 month
old (= approximately 70 human years) normal, femaleC3H/HeN mice for 5 weeks. At 5 wk,
the spleen and bone marrow were analyzed quantitately for their content of lymphocytes,
NK cells (the first line of defense against develapg neoplasms), and “other” cells, i.e., those
of the various hemopoietic lineages. Since the bon@arrow is the central generating site of all
NK cells, the observed significant augmentation ithe numbers of these cells in that organ af-
ter consuming CVT-E002 for only 5 wk, necessarily eflects a CVT-E002-mediated stimula-
tion of the production of new cells in this important tumor defense mechasm.
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Introduction ourstudy as a model paralleling this phenomenorhuin
mans.
The immune system declines with advancing age in
mammals, and it is believed to be more than coemt&l We hypothesized that a derivative of the North Aozer
that various pathologies, not the least of whichascer, ginseng plant,Panax quinquefoliysi.e., CVT-E002,
concomitantly increase with advancing age. We h&ve would enhance the cells of the degenerate immustersy
ready demonstrated in a mouse model species, ltBat tof aged, normal mice. The product was developed and
cells of the immune systems of pre-weaned, juveait®  marketed as Cold fX ® by Afexa Life Sciences, Ifar.
young adult mice can be quantitatively enhan@®djvo,  hyman use in the amelioration of virus-induced irasp
when the animals are administered via the dietefjilg, tory ailments. CVT-E002 is the active agent in CRl@®.
young d)adult), o_rtvia i?trai)e][itﬁniﬁlAinje_ction _(pre This product has been shown,vitro, to exert its effect
weaned), a proprietary extract of North Americamsging - o o -
(Panax quinquefoliys i.e., CVT-E002 [1 — 4]. Specifi- ggnpgthg]gemc agents, indirectly, via immune déihsla-
cally increased in CVT-E002-consuming mice wereainat T
ral killer (NK) cells. These important cells actthg first ) ) ]
line of defense against developing neoplasms andeco However, in spite of the proven effectiveness ofTeV
quenﬂy’ any elevation in the numbers of thesescill EO002 as an immuno-stimulant mormal infant, juvenile
aged animals would be of potentially great sigaifice in ~and young adult mice [1, 4], andlgukemicjuvenile and
abating and/or preventing the development of canceradult mice [2, 3], CVT-E002 has yet to be showreeff
The C3H/HeN mouse which, in old-age, develops astive as a similar stimulant in elderly animals. Tieason
sorted cancers with high frequency relative tojtivenile  for this study, therefore, is to test our hypotedbat the
and young adult members of this strain was used ideclining immune cell numbers in aged, normal alima
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could be augmented by short-term, daily feedin@¥fT- At that time, the spleen, bone marrow and bloodewer
E002. taken for analysis of their content of lymphocytblK
cells and a third category consisting of all hemefc
Materials and methods (non-immune), cells.
Animals Preparation of the organs for analysis of immune and
. . hemopoietic cell content
Female retired breeders .Of the C3H/He_N strain \pere For each mouse, at the time of euthanasia, sirdjlesus-
chased from Ch_arles _Rlver Laboratories, St. Cons'[a”pensions of the spleen and bone marrow were prejbsre
QC, Canada. This strain was selected because asefem o, standard laboratory methods [8, 9, 10]. Eaubes,
age, they are prone to the development of assceed pon removal was pressed through a stainless retesh
cers, especially breast cancers. All mice were ta@ied  jnto medium (GIBCO Invitrogen Corp,, Burlington, ON
under controlled environmental conditions of terape®e  Canada). Both femurs (bone marrow source) fronh eac
and humidity, in microisolator cages on a 12 hntiidark  mouse were aseptically removed and transferrecteo i
cycle. In-house veterinary and technical servicethe cold medium containing 10% heat inactivated newborn
McGill University Animal Care Facility ensured, nger bovine serum (NBS — GIBCO). The bone marrow was
over, that all edicts issued by the CCAC (Canadlaon-  expressed from the femurs by repeated flushing mith
cil on Animal Care) were strictly adhered to. p#rson- dium. Free cell suspensions from both organs were o
nel involved in the handling of mice in this stuigve tained by gentle, repeated pipeting. Each suspesisi
passed the required training courses in rodentdmeslp.  Was then layered for 7 min onto 1.5 ml pure NB&ltow
Sentinel mice in the same Facility, regularly desitated the sedimentation of any remaining non-cellular rizeb

the absence of all common mouse pathogens. Euiaana$t0 the NBS. The aggregate-free supernatants there
was carried out in a GQchamber by methods fully ap- '€moved and centrifuged for 7 min (1100rpm, 4 CJ an
proved of by the CCAC. the resulting pellet was re-suspended in a fixddme of

A o fresh medium + NBS. The total number of nucleated
The dietary adaitive cells was obtained by means of a hemocytometer (Ame

C.VT'EOOZ is a pr_oprietary extract of North Amer_icancan Optical Co., Buffalo, NY, USA). The total nuentof
ginseng Panax Quinquefoliys produced by Afexa Life 1 ,rjeated cells in each spleen and in both fenfors,

Sciences, Inc., Edmonton, AB, Canada. CVT-E002 conyyery mouse (CVT-E002-consuming and control-diet)
sists of specific polysaccharides (poly-furanosyl-cap “then readily be calculated. Immediately prior t
pyranosyl-saccharides). Standard chemical anédidl  eythanasia in each mouse for extraction of theespéend

assays were applied in combination with consigt@mu-  pone marrow, blood was extracted from the latesdl t
facturing processes to ensure that both the comtiposi vein.

and the pharmacological activity of each lot of GE002

are identical [5, 7], and free of microbial contammts. Subsequently, from each organ (spleen, bone mardw)
The extract is a strong immune stimulamtvivo andin ~ every mouse, smears were made from the cleaniwcll s
vitro, resulting in the augmented production of severapensions, onto Superfrost Plus® microscope slides
lymphocyte-stimulating cytokines [5, 6]. CVT-EO02 a  (Fisher Scientific, Whitby, ON, Canada). Blood wdis
very effective stimulant especially of NK cellseeating rectly smeared onto slides at the moment of extnadh
their numbersn vivo to significantly super-normal levels all cases. All smears (spleen, bone marrow, blogete

[1, 2, 4]. then stained for morphological identification ofrlgho-
cytes, NK cells and “other” hemopoietic cells gredp
Treatment into a single category, using MacNeal's tetrachrdme

A homogenized mixture of powdered standard mousenatologic stain (Sigma-Aldrich, Oakville, ON, Caadd
chow (Lab Chow, Agribrands, Inc., Woodstock, ON,This stain provides a 4-color discrimination of tkey
Canada) was provided daily as follows. Mice weré fe cellular components (DNA, RNA, protein), as well as
daily 6 gm of powdered chow each to which was addegroviding a clear distinction of cells’ size, shap®l ana-
CVT-E002 (80mg/6gm chow/day/mouse). Since micdomical components, i.e., cytoplasmic granules, gGol
were housed 2/cage, each daily provision/cage stmuki zone, stage of mitosis, etc. Although NK cells identi-
of 12 gm chow + 160mg CVT-E002. Control cage matesal to other lymphocytes, i.e., T and B, only NKise
were identical in every way (strain, age, genders-h contain readily identifiable cytoplasmic granulédle
bandry) except that their daily chow did not comt@@VT-  have recently used this feature to monitor NK celis-
E002. tinct from other lymphocytes [4]. Each smear frath3
organs was then *“read” for its proportions of lyraph
Healthy, elderly female mice (22 mo. of age) weikeig  cytes, NK cells, and a third category composedlidiiex
chow containing CVT-E002 for a period of 5 weekd. A mopoietic cells. The latter category was composéd o
mice (CVT-E002-consuming and control-diet-consurping granulocytes, monocytes, and erythroid cells, iiclg
were euthanized when they were just over 23 magef their mature, maturing and precursor forms. Non-
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nucleated red blood cells and platelets were ndtidted  values of cells in each category. The effect otedie

or recorded. CVT-E002 in each group of mice was compared to the
appropriate control and the two-tailed Studentst-teas

From 500 total blood cells/smear, 1000 total spleempplied. Comparisons were considered statisticsilly

cells/smear and 2000 total bone marrow cells/snibar, nificant at probability (p) values of <0.05.

proportions (%) of cells in each of these cell gatees

were obtained from every smear from all 3 organfResults

(spleen, bone marrow, blood) of every mouse. NHKscel

were identified by virtue of their being small t@dium g 1 (a-c) indicates the effect of short terma§ daily
sized cells (7-9 microns in nuclear diameter andyot-  consumption of CVT-E002 by elderly (22 mo old), for
phocytic morphology, and bearing 2-5 stained cepl ma| mice when compared with identically aged, ndrma
mic granules [4, 11] clearly visible at x100 in thght  cage.mates on the control diet (no CVT-E002). Mi€e
microscope. Other lymphocytes (T, B) are morphielog thjs age correspond to the human age of 70 yearkgdn
cally identical to NK cells, but never contain gu&®s, | ahoratories, Bar Harbor, ME). In spite of theivanced
irespective of the developmental stage in thdir@ele.  5ge. all mice in this study were tumor-free as corgd at
All-hemopoietic cells after staining are morphot@dly  \yhole-body autopsy at the time of euthanasia,tes, wk
clearly distinct and discernable from lymphocyted &K 5, the CVT-E002-containing or control diet.
cells [8, 9, 10].

Lymphocytes, i.e., a group of immune cells consistf
Finally, theabsolutenumbers of cells in each of these 3virgin and recirculating B cells and re-circulatifigcells,
categories (lymphocytes, NK cells and “other” hewmiop were significantly elevated in CVT-E002-consuming
etic cells), were obtained for each mouse, forgpleen  mice,vscontrol, in both the spleen (Fig. 1a) and the bone
and bone marrow (both femurs/mouse), by convettieg marrow (Fig. 1b). The bone marrow is the birth sitéi)
percentage values obtained from the microscopiad¥e virgin (naive) B lymphocytes, (i) the earliest puesors
ing” of the smears from each organ, via the knoetalt to T lymphocytes (pro-T cells), as well as re-ciatimg,
cell content of each organ, the latter values tgpieen  mature B and T lymphocytes. The proportion (%)yorf
recorded from the hemocytometer at the time of mrgaphocytes in the blood (Fig. 1c) reflects the quatitie
extraction. In the case of the blood analysis feerg increase in these cells in both key organs whesg #ne

mouse, the percentage values of these 3 categbmedls  generated (Fig. 1a) and/or housed (Fig. 1b).
were recorded as relative (%) values, it not haviegn

possible to obtain the total blood volume of blgoetr In the spleen (Fig.1la), the absolute numbers ofdgks
mouse. in CVT-EO002-consuming, healthy, aged mice were sig-
nificantly higher than those in control-diet cagates.
Where cell population sizes are large, methodshwhie  Fig. 1b shows that the absolute numbers of theks ine
less labor intensive than those described abovebean the bone marrow (production organ of new NK cetif)
used for quantifying cell populations. Thus, therds- CVT-E002-consuming mice were also significantly-ele
cence activated cell sorter (FACS) can be usedvender, Vated over those of mice consuming the control-diet
FACS is inaccurate for enumerating very small papul the blood of these mice (Fig. 1c), the elevateg@riton
tions such as NK cells. Their numbers are usuatiyin (%) of NK cells reflects the transport of theiciaased
the error range of the sorter. Moreover, FACS setie a pr_oduction in the bone marrow, en route toward rthei
specified cell surface marker and assumes thangreer ~ Primary depot, the spleen. Unlike other lymphocytés
chosen is not present on more than one cell tyles is cells do _npt r(_a—mrculate. Inst(_aad, they transm_ ﬁne
certainly not the case with NK cells which sharekegs blood, unidirectionally, from their bone marro_vvtblslte,
with other immune and hemopoietic cells. Finaityma- to the spleen, [8, 12, 13], where the vast majaitshem

X RS reside in wait for offensive cells such as tumolisce
ture cells of several populations (hemopoietic amd which have metastasized from a primary tumor site |
m‘%”e) share the same markers. These phenome_na, WQ:%[Ped elsewhere in the body. NK-mediated, tumoo-cyt
using FACS analysis to sort for very small popeiasi of  tqyicity occurs in the spleen upon encounter witstas-
cells, confound the results such that the quavitatata  {5sized tumor cells.
are not accurate.

Fig. 1a reveals the absolute numbers in the sptéen
Statistical analysis “other” cells, i.e., hemopoiteic cells which areither
The mean = s.e. of trebsolute numbersf lymphocytes, NK, nor lymphocytic. Consuming CVT-E002 has signifi
NK cells and “other” hemopoietic cells in the spleend  cantly increased this population (nucleated readbloell
bone marrow were then calculated. In the case ef thprecursors, monocytes, and granulocytes, includioi
blood values, the mean + s.e. represent the pagent their mature and precursor forms).
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Figure 2 showsthat dietary CVT-E002 affects the body
N weight throughout the time of its availability. vEei week®f
] ! daily consumption of CVT-E002 by normal, healthgedly
female mice (just over 23 mo of age at euthandsis) re-
sulted in a progressive increment in body weightah +
s.e.: control diet N = 6; CVT-E002-containing di¢t: = 6.

T — == *p< 0.001
2.5
hemopoietic lineages are not found in the bloodeathy
001 [ - animals, i.e., immature/precursor cells do not detheir

cells X 108
o
°

Lyraphocytes e Orbers organ of generation — only the mature forms (prgyer

c = cVT-E002  these lineages are found in normal blood. CVT-ER&R

1005 I*_I ] Control elevated the production of the cells in these heietic
80 [;] - lineages, and it is the immature/precursor cell&wiac-
60 counts for the significant elevation in the abssloim-

= i bers of hemopoietic cells in the bone marrow areesp

5_: I I . . .
JI‘ Fig. 2 reveals that consuming CVT-E002 has restitied

Percentage (%)

an early and sustained onset in body weight galvis T
gain was significant, relative to mice on the cohttiet,
|-__| and was observed as early as 2 wk after begineiedjrig
Lymphocytes NK Others and remained elevated until the end of the studyk(f at
which time these mice were euthanized for tissepama-
Figure 1 shows that dietary CVT-E002 has a significanttion, to produce the data of Fig. 1 (a-c). In spiteveight
influence on the cells of the immune system. Tlhgr gain during the 5 wk period, CVT-E002-consuming enic
demonstrate the absolute numbers of lymphocytesceMlE  were clinically as healthy as their cage-mates wwrirsg
and hemopoietic (“other”) cells (nucleated erythocells,  the control diet, in all parameters assessed, i.e.,

granulocytes and their precursors, and monocytesihie  fooq/water intake, level of activity, fur qualityd social
spleen (a) and bone marrow (b) of elderly femaleengiiven behavior

either CVT-E002-containing chow or untreated (cobtr
chow daily. The relative numbers (%) of the 3 caliego-
ries in the blood of these same mice (CVT-E002tcoiryg

and control) are indicated in (c). Mean *s.eantrol diet: - . .
N = 6; CTV-E002-containing diet: N = 6. Spleen (&< The plasticity of the immune system has been redeal

0.01, **p<0.0001; Bone marrow (b):*p<0.0001; Blood this study wherein we have shown that the long-olese
(c):*p<0.04, **p<0.0002. and well known decline in the aged immune system ca

be significantly reversed. This is especially ralgvin
Similarly, in the bone marrow (Fig. 1b), the abselu terms of quantitatively augmenting certain key éfi-
numbers of cells in this group is also significargle- volved at the first line of defense against cancer, NK
vated over mice consuming the control diet. Howether  cells. To date, there is little or no informatioragable on
blood (Fig. 1c) of CVT-E002-consuming mice revealspossible methods of fortifying the aged immune exyst
that the proportion (%) of these cells, collectyyeis yet such studies would be of considerable impoganc
lower than the proportion found in the blood of mice ongiven the concomitant increase in assorted patiedpg
the control diet. The reason for this is readilpleable including cancers that accompany the age-relatetinge
given the fact that the immature/precursor formghese in immunity in mammals including humans.

Discussion
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Although this study is based on elderly female mige release immune cell-stimulating cytokines, i.e-2ILIL-
believe that similar observations would be founceid- 1, IL-6, IFNy, TNF-u [5, 6], some of which directly link
erly male mice. The reason is that far beyondbifeed- to NK cell receptors. Such stimulation with CVT{ED
ing stage, such as is the case in the femalesiosihis  releases a cascade of these and other cytokines whi
study, the likelihood of female hormones confougdime  rectly or indirectly influence NK cells and otheglls of
results is minimal. Indeed, elderly C3H femalesargd the immune system. Moreover, the cytokines IL-1-6IL
significant hair (fur) loss as they progressivelea- hair and TNFe (augmented in the presence of CVT-E002),
thinning being a condition common to both genders iare known to directly stimulate stromal cells thelwss
aging humans. It has been shown hothitro andin vivo  [20, 21]. Such stimulated stromal cells, in tusacrete
[1, 2, 4 - 6] that immune cells from both genders a factors which then drive thproduction of new cells of
stimulated by CVT-E002. Moreover, several years, #go the immune and hemopoietic lineages.

was demonstrated] that elevated NK celinbersdo in-

deed reflect elevated NK célinction i.e., tumor cytotox- It is reasonable, therefore, to conclude that fleegated
icity [referenced in 1, 2]. Furthermore, in ouceat stud- levels of NK cells, non-NK lymphocytes and “othéré-
ies [14, 15], we have showin vivo, an inverse relation- mopoietic cells in the spleen and bone marrow iInr€Vv
ship between NK cell numbers and the presence -of tlF002-consuming mice are thedirect result of stimula-
mors. Thus, when NK cells are quantitatively eledat tion by this agent of cells of the microenvironmeirg.,
tumors are simultaneously reduced or eliminated. the stromal cells.

Nevertheless, a search of the literature, togetfier the ~ The progressive increase in body weight in CVT-E002
findings of this study, may shed light on - andgegy consuming, elderly mice may indicate interferengetiis
possible mechanisms - by which the aged immunesyst herb in lipid physiology. Indeed at autopsy, CVUeR-
can be manipulated. It has been well establisheddo- ~consuming mice showed an increase in fat deposition
ades that the central generating site for both Bs@nd around the viscera, a phenomenon not seen in cagesm
B lymphocytes is the bone marrow. Thus, quaniati consuming the control diet. It is possible the C&0B2
increases in these 2 populations seen in the gresaly ~ may activate the fatty acid and lipid synthesishpaty via
necessarily means the production of new, naivegia)iB  acetylCoA carboxylase and malonylCoA. Moreover,
lymphocytes and NK cells. NK cells travel uniditeat =~ CVT-E002 may influence insulin secretion — also east
ally from the bone marrow and reside primarily et ureable phenomenon.

spleen — the organ in which they intercept bloodibp i i i

metastatic tumor cells. NK cells have no “memorgire It could be Ioglf_:ally spepulated that this welghtr_gcould
ponent and do not re-circulate They are rapidlyeveed be estrogen-driven. It is known that estrogerelated to

and replaced, and have a short life span of apmrately lipid depositionin vivo and like many herb®anax quin-
2 days [8, 12]. guefolius (from which CVT-EQ02 is derived), has phy-

toestrogenic properties [22, 23]. However, CVT-E@02
That this significant increase in the bone marrawdélls ~ specific extract containing only polysaccharides (poly-
has occurred is of fundamental importance sinceeallly ~ furanosyl-pyranosyl-saccharides), having no known e
generated NK cells, exit that organ, never to rereit.  trogenic properties.
Consequently, the quantitative elevation in NK seléc-
essarily means increased NK cell production hasroed  Another theoretical possibility could be that CVO@R is
in the presence of CVT-E002. This may be explaimgd stimulating the appetite of the mice which consuine
the following, previously defined phenomena. Theand this could explain the increase in weight gattaw-
mechanism by which CVT-E002 exerts its significantever, this too is not a defendable hypothesis ler fol-
stimulatory influence on NK cells for instancebidieved lowing reason. Every mouse (control diet and CVT-
to involve macrophages (the circulating, maturenfoiof ~ EO02-consuming) is provided daily with the identica
monocytes). However, potentially even more cruaia  quantity (6 gm, i.e., 6,000 mg) of chow (+ 80 mg GV
the stromal cells in the bone marrow microenvironme EO002). Consequently, no mouse “can overeat”. Indeed
and to a lesser extent, those of the spleen. Batketor- monitoring of the chow containers each morningieat
gans have been known for decades to govern thaiprod occurs during the dark hours since mice are noafyrn
tion of cells classified in the present study athéo’, i.e., revealed that no food remained in any containetha
the hemopoietic cells [16, 17]. Subsequently, is\watab- cages of either the mice consuming the control, diet
lished that the stromal microenvironment of the éon those consuming the CVT-E002-containing diet.
marrow also governed the production of new NK ci@|s
12, 13], and virgin (naive) B lymphocytes [18, 19]. Thus, the answer to this peculiar observation ofyms-
It has been shown that in the presence of CVT-EA02 sive body weight increase, with no clinical sigrfsilb
vitro, mixtures of spleen cells containing macrophageshealth, in mice fed CVT-E002, may only be revealed
stromal cells, and assorted hemopoietic and imneefle, the biochemistry lab. This latter feature (weigfatin)
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may also be of clinical significance for aged hunvati- 8.
viduals suffering from wasting conditions, i.e.claxia
during chemotherapy.

It would appear instructive to formally study thgsten-
tial, directly employing human subjects.

Once the mechanism responsible for CVT-E002-mediiate
weight gain is defined, it would then be reasonablas-
sess its effect in humans, especially since CVTZERO

the active ingredient in a product (Cold fX ®) whics

already in the marketplace. 11
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