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Background: Cytokines play an important role in tumor angiogenesis and inflammation. There is evidence in the literature
that high doses of ascorbate can reduce inflammatory cytokine levels in cancer patients. The objective of this
study was to investigate the effect of treatment by intravenous vitamin C (IVC) on cytokines and tumor markers.

Material/Methods: With the availability of protein array kits allowing assessment of many cytokines in a single sample, we mea-
sured 174 cytokines and additional 54 proteins and tumor markers in 12 cancer patients before and after a se-
ries of IVC treatments.

Results: Presented results show for our 12 patients the effect of treatment resulted in normalization of many cytokine
levels. Cytokines that were most consistently elevated prior to treatments included M-CSF-R, Leptin, EGF, FGF-6,
TNF-a, B, TARC, MCP-1,4, MIP, IL-4, 10, IL-4, and TGF-B. Cytokine levels tended to decrease during the course of
treatment. These include mitogens (EGF, Fit-3 ligand, HGF, IGF-1, IL-21R) and chemo-attractants (CTAC, Eotaxin,
E-selectin, Lymphotactin, MIP-1, MCP-1, TARC, SDF-1), as well as inflammation and angiogenesis factors (FGF-6,
IL-1B, TGF-1).

Conclusions: We are able to show that average z-scores for several inflammatory and angiogenesis promoting cytokines
are positive, indicating that they are higher than averages for healthy controls, and that their levels decreased
over the course of treatment. In addition, serum concentrations of tumor markers decreased during the time
period of IVC treatment and there were reductions in cMyc and Ras, 2 proteins implicated in being upregulat-
ed in cancer.
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Background

Cells produce cytokines in response to a variety of stresses,
including infection, physical trauma, and carcinogen-induced
injury. Cytokines stimulate a coordinated host response aimed
at tissue protection and healing. However, failure of the body
to resolve an injury can lead to persistent cytokine production
and tissue damage. Chronic cytokine production with angio-
genesis and inflammation during tumor growth is an exam-
ple of this. Cancer cells release various cytokines and growth
factors into their surroundings, recruiting and reprogram-
ming other cell types in order to establish a tumor microenvi-
ronment [1-11]. Tumor derived cytokines, such as Fas ligand,
vascular endothelial growth factor (VEGF), and transforming
growth factors o and B (TGF), may facilitate the suppression
of immune response to tumors [12,13]. The complex interac-
tions between tumor cells and various other cell types, such
as endothelial cells, fibroblasts, and leukocytes, involve cas-
cades of cytokines and growth factors that in turn can have
local and systemic effects [1-9]. Cytokines such as interleu-
kins 4, 6, 8, and 10 (IL-4, IL-6, IL-8, IL-10) along with TGF and
VEGF, may regulate tumor growth, promote angiogenesis, in-
duce (or inhibit) inflammation, or modify the antitumor im-
mune responses [6-11]. Some cancer patients exhibit chronic
low-grade inflammation that in turn can give rise to fatigue, de-
pression, anorexia, cachexia, pain, and poor prognosis [14,15].
This chronic inflammation is associated with elevated cytokine
levels observed in cancer patients. Interleukins 1, 6, 8, 12, and
13 (IL-1, IL-6, IL-8, IL-12, IL-13), granulocyte macrophage colo-
ny-stimulating factor (GM-CSF), monocytes chemoattractant
proteins (MCP-1), macrophage inflammatory proteins (MIP-
1 a, ), interferon o (IFN-ot), tumor necrosis factor (TNF-a), epi-
dermal growth factor (EGF), VEGF, and TNF receptor Il have all
been reported to be elevated in cancer patient serum relative
to that of healthy subjects [1-11].

Recent studies suggest that ascorbate (ascorbic acid, vitamin
C) therapy may reduce inflammation and angiogenesis in tu-
mors [16,17].

Intravenous ascorbate therapy is of interest as a potential ad-
juvant therapy, in part because of the potential for ascorbate,
at sufficient concentrations, to inhibit cancer cell growth while
serving as a biological response modifier. Ascorbate, at concen-
trations attainable via intravenous infusions, has been shown
to induce apoptosis in cancer cells [18], inhibit tubule forma-
tion and angiogenesis [17], stimulate collagen synthesis [19,20],
and reduce the production of pro-inflammatory cytokines [21].
Ascorbate may protect against activation of HIF-1 [22], an in-
flammation promoter that is upregulated in tumors [23] and
leads to increased production of the angiogenesis factor VEGF.
It also may inhibit the activation of NF-«B, a transcription fac-
tor that leads to an overexpression of inflammatory proteins
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and cytokines such as IL-2IL-1p and TNF-o [24-28]. Vitamin C
may also inhibit inflammation by blocking the inflammatory
activity of GM-CSF, a cytokine that induces an increase in re-
active oxygen species in response to tumor necrosis factor and
IL-1 [29]. The effects of ascorbate on inflammatory cytokines
is concentration dependent, in that doses typical of oral sup-
plementation (250 to 3000 mg per day) do not show any ef-
fect [30-35]. Hence, any anti-inflammatory effect of vitamin
Cis likely confined to situations where the antioxidant is ad-
ministered intravenously. Ascorbate may also be important in
supporting immune function, in part through its antioxidant
protection of immune cells [36] and its effects on phospha-
tase activity, transcription factors, and gene expression [37].
In vitro, T-cell maturation has been shown to depend on vita-
min C [38]. Ascorbate may increase phagocytic activity [39] and
have anti-proliferative activity comparable to that of IFN-o [40].

Given the role of cytokines in cancer, and the potential ability
of ascorbate to modulate cytokine production, we undertook
to measure cytokine production in cancer patients before and
after treatment with intravenously administered vitamin C.

The goal of the study was to demonstrate that ascorbate ther-
apy may alter cytokine expression in cancer patients in a way
that is favorable to tumor suppression.

The present manuscript describes measurements of over 170
cytokines in twelve patients with a variety of cancers. In a sep-
arate sample of 4 patients, we assayed a panel of over fifty
proteins and cancer markers.

Material and Methods

Serum cytokine and protein analysis

Serum samples from twelve cancer patients and 8 healthy vol-
unteers were obtained for analysis on a voluntary basis with
full HIPAA compliance. The research was in compliance of
the declaration of Helsinki and approved by the Institutional
Review Board of Riordan Clinic. All participants have provided
their written informed consent. The serum concentrations of
174 cytokines were determined. Information about the can-
cer patients is summarized in Tablel.

Most patients were late stage, had metastatic disease, and
had previously undergone surgery and/or conventional ther-
apy. Cancer patients were treated with intravenous ascor-
bate infusions at the Riordan Clinic according to the Riordan
IVC protocol. The details of this protocol have been described
elsewhere [41] and are available for download at the Riordan
Clinic web site: https://riordanclinic.org/research-study/vita-
min-c-research-ivc-protocol/. Briefly, new cancer patients are
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Table 1. Information about patients: disease state, type of cancer and previous treatments.

Chemo/

Metastasi -
E— radiation

Patient Classification

Stage (grade)

Primary cancer Surgery

Peripheral nerve

Cc1 4(4) T2 N1 M1 sheath sarcoma Lungs Yes Yes
”””””” 2 43 T3N2M1 Colon  lungsBran  Yes  Yes
”””””” G 4  T3aN2M1 lug  Bain  Yes  Yes
”””””” 4 33 T3N3IMI  Breast  Bin  Yes  Yes
”””””” s  Real  Pancess  Yes
”””””” 6 43 T3N2M1  Ovaian  lungs  Yes  Yes
”””””” ¢ 1 Best N N
”””””” ¢ 3@  TINIMO  Panceass  No  No
”””””” o 2 TINIMO  Breast  vasve  Yes  Yes

10 4(1) TINIMI Breast Lung, liver, bone

marrow, brain

C11 2(3) T1 N1 MO Prostate Bone Yes

”””””” 12 3@  T43NIMO  Coon  Imasve  Yes  Yes

given a 15-gram injection for their first dose, followed by a
25-gram injection the next day. Dosage is then adjusted by
the physician based on the patients’ tolerance and plasma
ascorbate levels attained post infusion. Patients in the pres-
ent study reached 50 grams per infusion by their sixth course
of treatment. Serum samples for cytokine analysis were tak-
en before the onset of each patient’s first IVC treatment and
after the patient’s sixth IVC treatment. Vitamin C concentra-
tions in plasma immediately after infusions were monitored
using standard protocols [40].

Serum concentrations of 174 cytokines were measured us-
ing a protein array kit (AAH-CYT-2000, RayBiotech). The assay
was conducted according to the manufacture’s provided pro-
cedure. In this assay, antibodies to 174 cytokines are bound
to a membrane support. After a sample is added and cyto-
kines are allowed to bind to antibodies, additional antibodies
tagged with chemiluminescent markers are added. The che-
miluminescent signal was imaged by the Biolmage system
(Alpha Innotech). The antigen-antibody spots on the image
were circled by Spot Denso of FluorChem SP software (Alpha
Innotech). Serum samples from 8 healthy volunteers were used
to establish normal ranges. Specifically the mean ¥ and stan-
dard deviation sd were determined for each cytokine, with a
+2 SD range being considered “normal”. Z-scores for each cy-
tokine in each cancer patient were computed:

_ (x—x)
2= T

Furthermore, cytokines were also scored based on their abili-
ty to promote (+) or inhibit (=) angiogenesis or inflammation.
An angiogenesis score and an inflammation score were then
computed for each sample by taking the sum of the z-scores
for angiogenesis (or inflammation) promotors and subtract-
ing out the z-scores of the angiogenesis (or inflammation) in-
hibitors. The result was then divided by the total number of
cytokines included in the sum.

Further tests were done on 4 of 12 cancer patients for IVC in-
fluences as measured by protein array assay. Serum concen-
trations of 58 proteins (a list is provided along with results in
Table 2) were measured by array, which is a label-based as-
say (with antibody spotted and analyte labeled) for 58 mark-
ers of cytokines and oncoproteins based on the principle of
Ray Biotech protein array kit (#AAH-BLM-1-2) and modified.

Serum samples from 8 healthy volunteers (35-60 years old,
4 males and 4 females) were used to establish normal rang-
es, and z-scores for each protein in each cancer patient were
computed as described above.

Vitamin C in serum of subjects was measured by high-pressure
liquid chromatography (HPLC) with electrochemical detection.

Statistical analysis

The data were analyzed by Systat software (Systat, Inc.) and
Kaleidagraph software. Graphs and curve fits were generated

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License




Mikirova N. et al.:

Modulation of cytokines in cancer patients by intravenous ascorbate therapy C LI N I CA L R E S EA RC H

© Med Sci Monit, 2016; 22: 14-25

Table 2. This table shows data for all of fifty-eight proteins measured in four patients: mean initial (I) and final (F) z-scores, and
change in mean z-score (A).

AFP -0.12 0.24 0.36 LEDGF -0.83 -0.21 0.62
Ak 099 o2 123 MAGEAL - o064 - o016 o041
B2 os1 024 026 MMP310 s6 ool 106
CBRCAL 083 005 o78 Nt om 027 o1
CBRCA2 o091 o1 110 NVESO-12  -046 018 064
CbCatenin 03 028 4 064 oty - 016 oo
s o059 008 ost P21 084 031 115
sz 729 158 71 PSS 009 025 034
a9 1049 036 013 pes 06 002 104
CCaspases o1l 024 035 PSAAST 080 030 10
o5 047 0l 056 PS94 03 o1 o051
o 079 042 03  Raspan 118 009 27
ok 03 02 124 sccAt2 007 - 020 035
CCempanHs 537 009 28 S 095 010 o8
e S/ 046 08 seklL 065 031 09
Cewn a2 03 08  sox2 - 046 009 037
CkPan 057 016 o041 ssEAl 042  oas  oss
Comye 0% o7 So1s ome2 192 o015 I
k2 073 053 020  higg - 203 178 377
CRas o082 o019 102 suvvin - 0s8 050 o018
CFeritn ss 025 og  Tal 051 018 03
W 052 012 o0et  TERT 063 023 o040
CHer2 o008 o010 001 TGFRL23 - 023 o2 0%
wse0 03 o016 o051 TP 033 o013 o046
CHseoo 076 020 09  TRAL60 2 o014 0%
CeRn 0% - 039 057 Tyosnase - 072 03 043
CGRR 083 - 07 o076  uwA 053 o0  on
o 066 - 040 02 P 075 003 o072
2 0s8 - 021 047 habumin 820 240 - 580

by Kalaidagraph (Synergy Software) and tests of significance Results

were carried out using Mann-Whitney non-parametric test.

Variables were presented as mean values + SD. Statistical The serum concentrations of 174 cytokines were determined

significance was accepted if the null hypothesis could be re- in each of 12 cancer patients before and after a course of in-

jected at p<0.05. travenous vitamin C therapy. Plasma ascorbate levels, shown
in Figure 1, ranging from 5 mM to 15 mM, were achieved
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Figure 1. Plasma vitamin C concentrations (mM) immediately
after IVC infusions (circles), for a typical dosing
regimen (dose given by boxes) under the Riordan
Protocol. Values are averages for twelve cancer patents
used in the cytokine study. Curve fit is carried out
using the Michaelis-Menton equation.

immediately after infusions, consistent with previous obser-
vations with the Riordan protocol [41]. Patients were treated
during 2 weeks by 6 IVC infusions.

The information on the 12 cancer patients is given in Table 1.
Our patients varied considerably in type of cancer, prognosis,
and treatment. Total treatment times ranged from less than
1 month to 52 months, with cancers of the breast, prostate,
colon, lung, sarcoma, and pancreas all represented. Data pre-
sented in article were measured at the beginning of patient
enrollment during first 2 weeks.

The comparison of initial samples (prior to therapy) and final sam-
ples (after the last of 6 IVC treatments) showed important changes
in cytokine levels. Cytokines that moved in the normal range and
those that moved outside the normal range are listed in Table 3.
The values presented in 2 columns for each patient show the cy-
tokines that were out of normal range (NR +2SD) and returned
to normal range or were in normal range and decreased or in-
creased to levels lower or higher than NR. Values are given in the
percentage of difference after treatment to pretreatment levels.

Generally, patients with elevated cytokines initially showed the
most dramatic changes over time. The overall effect of treat-
ment was to decrease most cytokine levels; whether this is
due to the ascorbate treatments or simply due to disease pro-
gression is not known, since we did not have untreated con-
trol subjects in this study, but as the period of treatment was
2 weeks, we suggest that all changes were due to treatment.
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There are several cytokines for which a variety of patients saw
decreases after IVC therapy. These include mitogens (EGF, Fit-3
ligand, HGF, IGF-1, IL-21R) and chemo-attractants (CTAC, Eotaxin,
E-selectin, Lymphotactin, MIP-1, MCP-1, TARC, SDF-1), as well
as inflammation and angiogenesis factors (FGF-6, IL-1, TGF-1).

Several improved cytokines were common for several cancer
patients. The cytokines that were increased after treatments
were TIMP (high concentrations are associated with good
prognosis in patients with breast cancer), Beta-NGF (stimu-
lates chemotactic recruitment of leukocytes), I-TAC (potent
chemoattractant for IL-2 activated T cells), IL-1R (antagonis-
tic to IL-1, a non-signaling decoy receptor, which functions by
capturing IL-1 and blocking IL-1R1), and Il-3 (enhances tumor
antigen presentation).

Several cytokines were decreased: MIP-1 (causes local inflam-
matory response, chemoattractant for T cells and monocytes),
IL-10 (inhibits antigen-presenting cells, inhibits cytokine pro-
duction), Lymphotactin (enhances T cell recruitment), IL-1 (co-
stimulates cell activation, inflammation, required for tumor
invasion and angiogenesis), BMP (regulates cellular prolifer-
ation and apoptosis), and IGF (promotes the proliferation of
many types of cells).

The cytokine profile in these patients was compared to the
normal range (determined from 8 healthy volunteers). We cal-
culated for each patient the percentage of cytokines (from all
measured cytokines) that were in normal range before and af-
ter treatment, percentage of cytokines that returned to nor-
mal range and percentage of cytokines that remained high-
er or lower than normal range. The cytokines that remained
in normal range before and after treatment were in a range
of 60-80%, the improved cytokines ranged from 1% to 9%,
with lowest value for the lung cancer patient, and the levels
of 7-9% for patients with prostate, colon, renal, and ovarian
cancers. The cytokines that were not changed and were out-
side the normal levels ranged from 3% to 23%.

There is quite a contrast, with 7 patients (all breast cancer
patients, sarcoma, lung and colon cancer) having cytokine
levels that are predominately below the normal range while
5 others (prostate, ovarian, pancreas, renal and colon can-
cers) had cytokine levels that were predominantly in the nor-
mal range. Interestingly, all 4 of the breast cancer patients in
our study fell into the first group, showing depressed cyto-
kine levels across the board. Only 28 cytokines had average
z-scores (mean of twelve patients) above zero, with BMP-4,
SDF-1, IL-1alpha, MCP-2 and LIGHT having the highest aver-
age z-scores before treatment.

Among the cytokines considered relevant to inflammation
and angiogenesis, the ones with positive mean (for the twelve
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Table 3. Changes in cytokines that moved to normal range (NR +2SD) or were in normal range and decreased (-) or increased (+) to
levels lower or higher than NR. Values are given in the percentage of difference post treatment to pretreatment levels.

% change % of change % change % of change
(out of NR to NR)  (in NR - out of NR) (out NR - in RR) (in NR - out NR)
Breast ca (C7) -67 Ovarian ca (C6)
"""" 31 BONF 37
"""" ENA7S -1 BMP4 -3
"""" Fas/TNFRSF6 46 ENA78 &
"""" FGF4 -9 Ft3lgad -3
"""" wi2ps0 -0 w4 oS8
"""" \-2kRa =57 5Ra 31
"""" w-6R  -e4 uGHT -4
"""" letn =75 mpC -3
"""" SNERH INFapha -3
prostateca (1) Pancreaticca(c8)
"""" iGrBP4 -1 ENA78 7
"""" w-iRN 4 -8 Endogln -6
"""" \-1R4/sT2  GmWwigmd -8
"""" I-talpha ~ -%  MPlapha  -sa
"""" lymphotactin ~ -47  TaAc =89
"""" wE =29 _Tme1 st
"""" MP-1-beta  -41 31 TmP2 a7
"""" MPFT _T®0 a5
"""" Osteoprotegerin ~ -72 44 uAR -6
 TGFbeta3 VEGF 86
Colomca(cty 0 Renalca(cs)
"""" BMPS  AdwvimA 53
"""" Eotain -1 37 BMP6 -4
"""" GONF _Gape2 o
"""" IFN-gamma -3¢  leptinR 4
"""" IGFISR -3 MPldetta -3
"""" -2Ra 57 SINFRO a3
"""" lymphotactin ~ -44  -s4  TGFbetal 38
"""" MCSFss Tel 31
"""" MP-3-beta e Te2 38
0 73 sacoma(c
COTRAILRS DR6 (INFRSF21) 45
"""""""""""""""""""""""""""""""""""""""""""""""""""""" Fotaxin-3 28
"""""""""""""""""""""""""""""""""""""""""""""""""""""" iR 32
"""""""""""""""""""""""""""""""""""""""""""""""""""""" w3
"""""""""""""""""""""""""""""""""""""""""""""""""""""" NAP2 -4
"""""""""""""""""""""""""""""""""""""""""""""""""""""" SNERNL 45
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Table 4. The table shows average score for angiogenesis and inflammation cytokine scores and change in mean z-score (A).

Inflammation score

Angiogenesis score

Patient

C1 (sarcoma) -0.07 0.04 0.11 0.4 -1.66 -1.66 0.00 0.2
. Qoonca) 004  -024  -020 02 -144  -161 017 00
. G3(ung)  -010  -014 004 03 -15  -1e7  -o11 04
 Cabreastca) 001  -017  -018 04 -147  -154  -008 02
 CS(emalc)  -037  -o11 026 o1 -013 011 024 05
. Cé(ovarianca)  -067 081 014 00 018 -024  -043 05
7 reastc) 020 010 010 02 59 -172  -o12 00
8 (pancreaticca) 021 043 065 00  -018  -165  -147 o1
. 9opreastc)  -017 006 023 04 -2 -159 002 0a
 Clo(reastc))  -021  —028 007 04 -7 -162 005 03
© Cll(prostate) ~ -076  -089 014 03 043 017 -026 04
 Cl2(colonc))  -051  -062  -om os 053 051 -002 02

cancer patients) z-scores are FGF-4 (0.33), SCF (z=0.1), MIP-
3-alpha (z=0.2), IL-9 (z=0.24), BMP-6 (z=0.54), TGF-beta 3
(z=0.78), CK beta (z=1.2), IL-1alpha (z=1.8), MIF (z=1.04), and
MIP-1-delta (z=1.1). All of these cytokines, it should be noticed,
decreased in concentration over the course of IVC therapy.

In an attempt to understand how these changes might affect
cancer, we separated the angiogenesis factors and inflamma-
tion factors. Angiogenesis and inflammation scores for each
patient, computed as described above, are shown in Table 4.

Table 5 shows cytokines from those categories that showed
the most change over the course of treatment.

Some, such as DR6, IL-1¢, IL1-R1, and IL-12, showed consider-
able variability without consistent trends, while others showed
more consistent decreases over time. Particularly striking were
decreases in the angiogenesis factors endoglin, EGF, and FGF-6.
Inflammation factors (or anti-inflammation factors) that de-
creased most dramatically were eotaxin, IL-4, IL-10, lympho-
tactin, MCP-1, MIP-1B, TARC, TGF-B3, and TGF- B1. There does
not appear to be any systematic decrease in pro-inflammato-
ry agents versus anti-inflammatory agents.

Overall, the inflammation and angiogenesis scores decreased,
suggesting that over time the cytokine mix for these patients’
moves toward a less inflammatory and less angiogenic state.
These trends are shown graphically in Figure 2A-2C. The de-
clines in values are more dramatic in subjects who started with
positive initial values. The changes in z-scores, angiogenesis

scores, and inflammation scores were especially dramatic for
the pancreatic cancer patient, a subject who showed cytokine
profiles characterized by normal to elevated levels before treat-
ment, and reduced levels after treatment. This patient was in-
teresting in that he did not undergo radiation therapy, che-
motherapy, or surgery.

Three of these 12 patients had positive results with IVC ther-
apy. Prostate patient had proved refractory to standard treat-
ment and was given a prognosis of death within 1 year; with
IVC treatments he survived for 6 years. The sarcoma patient
began IVC therapy after undergoing radiation and chemo-
therapy with poor prognosis. She was treated for 3 years, at
which point scans showed her to be clear of almost all metas-
tases. Finally, the breast cancer patient (who had an invasive
tumor with a recurrence score of 23) was treated with IVC af-
ter mastectomy. She was treated at the Riordan clinic for 2.5
years before moving to another location. Examining data in
Tables 3 and 5, we do not see much commonality between
these 3 subjects. Patients with breast cancer and sarcoma had
cytokine levels what were reduced during treatment, with large
reductions in angiogenesis and inflammation scores. The pa-
tient with prostate cancer, however, showed profiles with re-
duced cytokine levels and did not show much change in lev-
els during treatment.

To gain a different perspective, and perhaps narrow the fo-
cus a bit, we tested 4 of the 12 cancer patients for serum lev-
els of 58 protein markers. We chose the patient with sarcoma,
who came after radiation and chemotherapy with very poor
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Table 5. This table shows data for angiogenesis and inflammation cytokine that showed the most change, or were changed in the
most patients, during treatment: mean initial (I) and final (F) z-scores, change in mean z-score (A). Indication of which
cytokines are angiogenesis (Ag) or inflammation (If) factors are given.

Ang Inf | F A
Activin A If -131 -1.58 0.28
Angiogenin M 100 112 012
CDR6(NFRSF21)  If 095 -L10 015
eF e 143 163 019
CEotadin2  If  -074 085 011
CFoFa M 033 007 027
CkF6 o 143 -163 019
GMcsE Ag I 090 -112 022
CFNgamma Ag  If 008 -033 025
CwiRNf -107 132 025
SR f -167 178 o1l
Cw2p0 if -137 153 016
s Ag f 034 -055 021
Cltapha Ag f 184 171 013
et ff -013 043 031
2 Ag  f  -106 -133 028
e f  -074 —091 o017
e Ag f 024 —002 026
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prognosis; 2 patients with breast cancer (both after mastecto-
my, but 1 of them had metastasis and treated by chemother-
apy and radiation and another did not have metastasis and
chemotherapy); and the patient with colon cancer after con-
ventional treatment (surgery and chemotherapy). As indicat-
ed, these patients were subject to a series of 6 intravenous
vitamin C treatments prior to the final assay. The results for
4 patients of protein profiles and their average z-scores are
listed in Table 2.

Before treatment, all measured proteins except CEA pan H-8,
CA 15-3, h-albumin, CA 19-9, c-Myc and CA242 were in normal
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range +2SD. The most dramatic and consistent results involved
decreases in values of several tumor markers (CA 15-3, CA 19-9,
CEA, and CA 242) as well as decreases in the transcription reg-
ulator c-Myc. The gene responsible for producing this protein
is thought to be mutated in cancer cells, leading to increased
expression and increased cell proliferation. Decreases seen
in these markers during treatments are therefore encourag-
ing. Figure 3 shows a histogram to indicate how dramatically
these tumor markers decreased over the course of treatment.

For the average Z-score of Ras protein, we saw a return from
an overproduced state (Z=1.18) to normal ranges (Z=-0.08).
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Discussion

We are able to show that average z-scores for several inflam-
matory and angiogenesis promoting cytokines are positive, in-
dicating that they are higher than averages for healthy controls,
and that their levels decreased over the course of treatment.
Some of these results confirm previous reports, including EGF,
FGF, MIP, MCP, and TNF. Others elevated in our study, includ-
ing IL-4, 10, MCSF-R, and Leptin, have not been reported pre-
viously as being elevated. Of the cytokines that are thought to
be important in angiogenesis and inflammation, we saw dra-
matic decreases in EGF, FGF, IL-4, IL-10, lymphotactin, MCP-1,
MIP, TARC, TGF-a, and TGF-B. We computed 2 parameters,
the angiogenesis score and the inflammation score, to pro-
vide an ‘average’ z-score for cytokines involved in these pro-
cesses. These scores decreased noticeably during the period
of treatments, with changes being more dramatic in the can-
cer patients, who had elevated levels of inflammatory and an-
giogenic cytokines prior to treatment. Our small sample size
did not allow us to demonstrate differences pre- versus post-
treatment with 95% confidence, but we did have significance
near the 0=0.10 level in some cases, suggesting that further
measurements may be worthwhile.

Our encouraging finding may be the measurements of 58 pro-
teins and markers in 4 cancer patients. We found that serum
concentrations of tumor markers decreased during the time
period of IVC treatment. In addition to the marker decreas-
es, we saw reductions in c-Myc and Ras, 2 proteins implicat-
ed in being upregulated in cancer. We also saw increases in
some proteins that might be considered beneficial in com-
bating cancer, including c-Jun, which plays a role in differen-
tiation and apoptosis, and the DNA repair agents BRCA1 and
2. It should be noted that changes that occurred during the
course of therapy (1 or 2 weeks) may be due to the therapy
itself; however, there were no untreated controls for cancer
patients in this study.

The use of high-dose intravenous vitamin C as a possible ther-
apy for cancer has been revisited recently [41-48] and sever-
al trails of the use of IVC as adjuvant therapy are under way.
In our study we analyzed cytokines as the messengers for the
regulation of the inflammatory and angiogenic cascades. Our
data confirm the inhibition and positive regulation of the part
of cytokines responsible for angiogenesis and inflammation
after 6 IVC treatments.

Angiogenesis and inflammation share common pathways, and
both play key roles in the initiation and progression of cancer.
Inflammatory cells may facilitate angiogenesis and promote
tumor cell growth, invasion, and metastasis. The FDA has ap-
proved several angiogenesis inhibitors for anticancer therapy.

CLINICAL RESEARCH

While these drugs seem to have mild adverse effects, recent
studies reveal the potential for complications that reflect the im-
portance of angiogenesis in normal body processes. Research is
also under way to develop pharmaceuticals that reduce inflam-
mation. High-dose ascorbic acid therapy may also be a useful
strategy for reducing inflammation and angiogenesis. Phase |
studies show high-dose (10 to 100 grams) intravenous ascor-
bate therapy shows a good safety profile [45,49-53] while im-
proving quality of life as measured by cancer patient reported
scores in physical, emotional, and cognitive function. Patients
also show reduced fatigue, nausea/vomiting, pain, and appe-
tite loss after IVC administration.

Conclusions

Because intravenous ascorbate therapy is of interest as a po-
tential adjuvant therapy, we analyzed the levels of cytokines
before and after high-dose ascorbic acid treatment in cancer
patients. The IVC injections resulted in increased concentra-
tion of ascorbic acid in blood, from 5 mM after first 15 g IVC
infusion to 15 mM after last 50 g IVC. Given the role of cyto-
kines in cancer, and the potential ability of ascorbate to mod-
ulate cytokine production, we measured cytokine production
in cancer patients before and after treatment. It should be
noted that changes that occurred during the time of therapy
(2 weeks) may be considered being due to the therapy itself;
however, there were no untreated controls of cancer patients
in this study. We were able to show that average z-scores for
several inflammatory and angiogenesis promoting cytokines
that were higher than average for healthy controls decreased
over the duration of treatment. In addition, serum concentra-
tions of tumor markers decreased during the period of treat-
ment and there were reductions in c-Myc and Ras proteins
thought to be upregulated in cancer.

In conclusion, the present study suggests that vitamin C thera-
py can downregulate angiogenesis and inflammation promot-
ing cytokines in some cancer patients. Future studies should
focus on a larger sample of cancer patients, and perhaps a
greater variety of tumor types.
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