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Objective. Glutamine is proposed to protect bowel from radia-
tion. However, glutamine may decrease cancer’s radiosensitivity.
We evaluate glutamine’s effect on the growth rate and radiosen-
sitivity of two cervical carcinoma cell lines in vitro.

Methods. HeLa and CaSki cells were seeded at 3000 cells/well in
glutamine-free medium. An increasing amount of glutamine (0.4,
10, and 20 mM) was added to the respective plates, incubated, and
irradiated with a single fraction of 0.5, 1, 3, and 6 Gy. Using a
growth inhibition assay and photometric analysis, the viable cells
were counted on day 8. Cell counts represent a mean =+ standard
deviation from six experiments and are expressed in 10° cells.
Analysis of variance was performed.

Results. In nonirradiated HelLa plates, absence of glutamine
results in 5.7 = 1.2 cells/well. Addition of glutamine at 0.4, 10, and
20 mM to nonirradiated cells significantly (P < 0.0001) increased
growth to 79.1 = 10.0, 122.5 = 9.0, and 114.3 £ 13.9 cells/well,
respectively. In culture plates irradiated with 6 Gy, HeLa cells
supplemented with 0.4, 10, and 20 mM of glutamine showed lower
cell counts (P < 0.008). A similar significant growth suppression at
6 Gy in comparison to 0.5, 1, and 3 Gy was observed (P < 0.01).
CaSki cells showed similar patterns.

Conclusions. Growth of HeLa and CaSki cells in vitro requires
a minimum of 0.4 mM of glutamine in the medium. Supraphysi-
ologic glutamine concentration does not increase tumor growth or
radioresistance. Glutamine should be evaluated further as a po-

tential bowel radioprotector. © 1998 Academic Press

INTRODUCTION

complications that limits radiotherapy dose. Therefore, a
agent that may selectively protect normal tissue—but not tt
mor cells—may decrease the radiation morbidity while en
hancing tumor control.

Glutamine appears to be a promising agent because it pi
tects the gut from acute radiation injury. This nonessenti
amino acid, which serves as primary fuel to enterocytes [1] ar
lymphocytes [2], plays a crucial role in maintaining intestina
wall integrity and cellular immunity. In patients with severe
injury, tissue demand for glutamine may exceed supply. Th
glutamine deficit results in gut atrophy and immunosuppres
sion. Subsequently, bacteria may translocate from the gut |
men into the systemic vasculature and cause sepsis. Provid
supplemental glutamine to bone marrow transplant patients h
been shown to reduce infection rate, mortality, and hospit:
stay [3, 4].

Malnutrition is a common problem in gynecologic oncology
patients. It is very likely that any added stress (surgery, ch
motherapy, or radiation) may cause a glutamine deficit in the:
patients. This may explain the high incidence of acute enterit
in cancer patients treated with abdominopelvic radiation. Th
enterocytes that line the intestine may suffer from an inade
guate glutamine supply. Studies in rats that received who
abdominal radiation showed that supplemental glutamine pr:
tects the intestine from acute radiation injuries [5—7]. In con
trast, rats fed with regular chow suffered from a high episod
of diarrhea. Additionally, jejunal biopsy of the rats fed with
regular chow revealed denuded intestinal villi compared wit

_ The relationship between radiation dose and tumor cytotQsrmal mucosal histology in those receiving glutamine. Thi
icity provides the foundation for the most effective radiatioBnimal study suggested a potential role for glutamine as
dose in the treatment of cancer. However, a major limitation fwe| protector from acute radiation injuries.

radiation dose escalation is the increasing injury to normalpowever, glutamine may also enhance tumor growth an
tissue. Gastrointestinal toxicity has been one of many acy@rease tumor resistance to radiation therapy [8]. Souba me

1 To whom reprint requests should be addressed at Division of Gynecol
Oncology, Department of Obstetrics & Gynecology, The University of Tex

sured arterial and venous levels of glutamine in rats witl

a%grcoma and found a marked glutamine consumption by tl

Medical Branch, 301 University Boulevard, Galveston, TX 77555-0587. Fagmor [9]. Similarly, in vitro, the HeLa cell line utilizes glu-

(409) 747-0470.

359

tamine for 50 to 98% of its aerobic energy [10]. Therefore, th
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purpose of this study is to evaluate the effect of glutamine @me expressed in ¥@ells. Analysis of variance (ANOVA) was
the growth rate and radiosensitivity of two cervical squamoyserformed with post-hoc Scheffe multiple comparison at 0.0
cell carcinoma cell line# vitro. level of significance for the eighth day cell counts.

MATERIALS AND METHODS RESULTS

HelLa and CaSki, human cervical carcinoma cell lines HelLa and CaSki cells appear to grow from day 1 to day
(American Type Culture Collection, Frederick, MD), werdlast day of experiment) in the presence of glutamine. Th
propagated in glutamine-free DME-F12 and glutamine-fre@fowth of the cells did not exhibit evidence of density or
RPMI 1640 (Gibco, Grand Island, NY), respectively. Theseontact inhibition.
media were supplemented with 10% fetal bovine serum, anti-HeLa cell counts. The cell count at day 8 was significantly
biotics, and antimycotics. The cells were harvested using tryghifferent with various levels of glutamine (0 mM compared tc
sin and EDTA and centrifuged at 1200 RPM for 3 min. Th8.4 mM compared to the 10 and 20 mM) supplementatio
cell pellets were resuspended in fresh medium and counteztoss several levels of irradiation (two-way ANOVA test of
using a hemocytometer and vital stains. All harvests weigteraction;P < 0.0001). There is a direct correlation betweer
=95% viable. cell growth and glutamine supplementation from only the 0 an

The cells were then grown in a 96-well, flat-bottomed mi9.4 mM concentrations. Further glutamine supplementation d
crotiter tissue culture plate (Owens Corning, Toledo, OH) abt increase cell counts. At all levels of irradiation, absence ¢
3000 cells/well. Twenty-four hours later, the media (00 glutamine results in lower cell counts at day 8. However, in th
well) were aspirated and the wells were washed with 200 cases of glutamine supplementation, irradiation at 6 Gy resul
phosphate-buffered saline per well. Then, the media with im lower cell counts than at all other levels of irradiation (Fig.
creasing amounts of glutamine (0, 0.4, 10, and 20 mM) wel&. Scheffe multiple comparisons confirmed meaningful differ
added to their respective cells and plates. These media wenees resulting from these analyses.
prepared by obtaining basic medium (containing no glutamine)Caski cell counts. The cell counts at day 8 were signifi-
and adding commercial glutamine (Gibco) at a speciftgantly different comparing levels of glutamine (0 mM com-
amount. The cells were allowed to attach to the bottom of thgyred to 0.4 mM compared to the 10 and 20 mM) across tt
well and incubate in the new media for 24 h. various levels of irradiation (two-way ANOVA test of inter-

The next day, the cells were irradiated using fractions of 0.5¢tion; P = 0.008). Comparing cell growth across glutamine
1, 3, and 6 Gy using a 662 KeV self-contained Cesium-13dvels for each level of irradiation shows some level of signif
irradiator (Model Mark [-30, Shepherd & Associates, Sajtant difference in each of these five one-way ANOVA test:
Fernando, CA) at a dose rate of 2.4 Gy/min. During irradiatiof < 0.0001 each); however, differences across radiation le
the cells were kept at room temperature for less than 30 minefs for each level of glutamine are not uniformly significant
set of plates with specified glutamine concentrations was ngtiere are no significant differences in CaSki cell counts at de
irradiated and served as controls. The medium in each plgt@mong levels of irradiation when 0 or 0.4 mM of glutamine
was then changed for fresh medium containing the respecti@ added. When 10 or 20 mM of glutamine are added, ce
glutamine concentration daily. counts at 6 Gy are significantly different for 0.5 or 3 Gy, bu

At each time point (at .v.), media were drained from all not for 0 or 1 Gy. Regardless of the level of radiation, the ce
wells (both time point and nontime point), and the cells wefgunt without glutamine is lower than cell counts with glu-
washed with phosphate-buffered saline. Then, fresh megégnine—with no differences among the nonzero glutamin

were used to replace the 24-h-old media at each respecifgups (Fig. 2). This pattern of differences is similar to tha
glutamine concentration. Each day, a set of six wells witkeen in Hela cells.

different media and radiation plates was drained and stainedjn conclusion, both HeLa and CaSki cell lines demonstrate
Cell counts were done daily to rule out possible density inhg significant increase in growth associated with the addition «
bition from growing cells in the microtiter tissue culture platesgl4 mM g|utamine or greater concentrations in nonirradiate

The amount of viable adherent cells was determined by thgltures. Although the addition of glutamine in excess of O..
method of Yamamotet al.[11]. Briefly, after aspiration of the mMm to irradiated cultures increased growth rate over nonirrz
phosphate-buffered saline, the cells were stained with 1ffated cells with no glutamine present, both CaSki and HeL

crystal violet, washed, and dissolved in 95% ethanol/40 mpg|l lines showed radiosensitivity that did not change witt
hydrochloric acid. The absorbance at 595 nm for each welljicreasing doses of glutamine.

determined with a Bio-Rad 3550 microplate reader (BioRad,

Hercules, CA). Absorbance results were expressed as cell DISCUSSION

number by comparing absorbance of each well with a standard

curve prepared from known number of cells. Cell counts rep- Glutamine has been recategorized recently as a conditiona
resent a meart standard deviation from six experiments andssential amino acid [12, 13]. Since it serves as a primary fu
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FIG. 1. Hela cell counts at day 84 10°). The cells were incubated with varying concentrations of glutamine and irradiated at four different radiation d
(0.5, 1, 3, and 6 Gy) and one control (0 Gy). Cell counts values are mestandard deviation of six replicates.

for the gut, glutamine has been advocated as an adjuvant agesmh the host [16]. Cancer cells compete for nitrogen with th
to rescue bowel from acute radiation injury. Studies in rats [Bpst and act as a nitrogen trap. This causes a negative nitrog
6, 14] have shown that a glutamine-rich diet protects intestiriazlance in the host, which is characterized by weight los
cells from radiation-induced injuries. Indeed, glutamine is the main nitrogen source for tumor cell
However, glutamine may also promote tumor cell growtfiL7]. Consequently, any compounds which antagonize glt
[8]. There was a real concern that bowel protection comes witlimine are being tested for antitumor activity [17].
a high cost of tumor growth promotion. Furthermore, glu- Physiologically, the plasma glutamine level is between 0.
tamine concentration is inversely related to tumor growth [15nd 0.9 mM [18]. Intracellular glutamine concentration (4—¢
Study of Ehrlich carcinoma revealed glutamine concentrationM) is higher than that of plasma due to the active transpo
has been lower in ascites than in plasma, illustrating the avidi&ystem, which allows for a net accumulation of glutamine [19]
of tumor cells to glutamine [16]. Additional evidence of théDur present experiments attempted to repli¢ateitro condi-
tumor’'s preference to glutamine is an increase in glutamitiens and supraphysiologic states at multiple concentrations
synthetase and a decrease in glutaminase in kidney-tumgiitamine from O (control) to 0.4 (concentration in most com:
bearing mice. This ratio is reversed in the late tumor stageeercial culture media), 10, and 20 mM. With regard to radia
when the tumor cells are primarily consuming all glutamingon technique, the single dose of this experiment differs fror
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FIG.2. CaSkicell counts at day 8« 10°). The cells were incubated with varying concentrations of glutamine and irradiated at four different radiation d
(0.5, 1, 3, and 6 Gy) and one control (0 Gy). Cell counts values are mestandard deviation of six replicates.

the usual treatment with dose fractionation that lasted for 4bth tumor growth or the tumor’s resistance against radiothel
weeks. This single-dose radiation was chosen to maximallpy. Winters [13] reported growth-enhancing and radioprote
demonstrate tumoral capabilities for glutamine consumptiotive properties of glutamine in irradiated noncancerous ovaric
Rather than giving fractionated radiation to generate surviveglls. Our results demonstrate that cervical cancer cell line
curves, smaller total doses were given to allow the cell to grawquire a minimal concentration of glutamine of 0.4 miM
in varying concentrations of glutamine. Furthermore, it wastro for adequate growth. However, subsequent increases
technically difficult to replicate clinical conditions by main-glutamine of up to 20 mM did not affect the cell growth or
taining cell viability in vitro for 4-5 weeks. Heenemaet al. morphology. Furthermore, glutamine does not appear to pr
have shown that glutamine becomes unstable in medium aftect cell growth from radiation injuries. With 6 Gy of radiation,
48 h [20]. Consequently, fresh medium was added every dayarked growth suppression was seen in both cancer cell lin
Additionally, this practice eliminated the possibility of byprodregardless of the dose of glutamine concentration. CaSki ce
ucts of glutamine (glutamate and ammonia) that suppressowed some variability compared with HeLa cells with re
growth artificially. spect to their response to radiation levels. Since both HeLa a
Prior to our study, there was real concern about a line@aSki were grown and studied in exactly the same experime
correlation between the amount of glutamine supplementatital conditions, the variability may suggest differences in the



GLUTAMINE AND CERVICAL CANCER 363
nature of the cell lines. We are currently conducting a similar marrow transplantation and other clinical applications. JPEN 17:307-31
experiment in different cell lines to confirm this observation. 1993

Our study confirms the recommendation of other studie® EI"m?ergDX_SvP SO‘:]b"I" Vt\_’WvI?O'SF’” DJ'tS"’t‘”Ot‘r’]m_R:M’t _H‘T“tamak' ?Dv
[5-9, 16] to evaluate glutamine as a bowel protector in irradi- ragir;tﬁ){] injuryrogazcicr 'ggé’;?é”igg% ects the intestinal mucosa fron
ated pa_ltlents. Althoth g,IUIamme, has been fOL,md to_ be radl%._ Klimberg VS, Salloum RM, Kasper M, Plumley DA, Dolson DJ, Hauta-
protective to normal pva”ar_] C_e” lines [131 and intestinal cells maki RD: Oral glutamine accelerates healing of the small intestine an
[5, 6, 8], we do not find a similar pattern in squamous cancer improves outcome after whole abdominal radiation. Arch Surg 125:1040
cell lines in vitro. The possible protective mechanisms of 1045, 1990
glutamine to noncancerous cells are probably related to its rofe Souba Ww, Klimberg VS, Hautamaki RD, Mendenhall WH, Bova FC,
as a prlmary fuel for enterocytes and a precursor for free_ Ht?(\jNard RIJ dOraI glutamine reduces bacterial translocation fO”OWlnE
radical scavengers such as glutathione [13, 18]. In squamouys®Pdominal radiation. J Surg Res 48:1-5, 1990 o
cancer cell lines, we found that the possible mechanisms not&g Seuba WW, Klimberg VS, Copeland EM: Glutamine nutrition in the
above onlv work up to 4 mM glutamine concentration. We management of radiation enteritis. JPEN 14:106S-108S, 1990

lat >t/h t th p'[' ¢ Y i i ' 9.t Souba WW, Herskowitz K, Austgen TR, Chen MK, Salloum RM: Glu-

Speculate a .e active transport in cancer cell fines m_ay NOLamine nutrition’s theoretical considerations and therapeutic impact. JPE
be as effective in normal cells. Further study to explain the 14:2375-2435, 1990
biologic differences in normal and cancerous cell lines could. Reitzer LJ, Wice BM, Kennel D: Evidence that glutamine, not sugar, is th
be achieved by measuring intracellular glutamine levels in major energy source for cultured HeLa cells. J Biol Chem 254:2669-
these two different cells. At present, a study using glutamine as 2676, 1979
a gut protector in patients with gynecologic cancer should B& Yamamoto RS, Kobayashi M, Plunkett JM, Masunaka IK, Orr SL.
pursued. We are currently Coordinating a study in gynecologic Granger GA: Produ_ctlon and D_etectlon of Lymphothm in Vitro: MIC!’O&S-

ncol tients wh re r ivin lvic/abdominal radi say for Lymphotoxin. In Yoshido T (ed): Investigation of Cell Mediated
c_) cology palie . S O.a e rece g pelvic/a 0 al radia- Immunity. New York, Churchill Livingstone, 1985, pp 126-134
tion. These patients will be randomized to receive oral gly-

. . A . Lacey JM, Wilmore DW: Is glutamine a conditionally essential aminc
tamine supplementation versus placebo. We hypothesize thatacig? Nutr Rev 48:297-309, 1990

patients who receive .gl'Jtamine. SUpPIemem.at_ic.m may havg winters R, Matthews R, Ercal N, Krishnan K: Glutamine protects Chines
less acute and chronic gastrointestinal toxicities from the hamster ovary cells from radiation killing. Life Sci 55:713-720, 1994
radiotherapy. 14. Bartlett DL, Charland S, Torosian MH: Effect of glutamine on tumor anc
host growth. Ann Surg Oncol 2:71-76, 1995

Weber G, Lui MS, Seboldt J, Faderan MA: Molecular Targets of Anti-
glutamine Therapy with Avicin in Cancer Cells. In Haussinger D (ed):
Glutamine Metabolism in Mammalian Tissues. Berlin, Springer-Verlag
1984, pp 278-291
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