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Heat shock IzreatmentofhumanHep 3Bhepatom cellsledto the induction 
of ~IRNA for mi ~lhemeoxygenase.'Ihe~~inductionofhemeox~enase 
mRNA (%7-fold) was observed with treatment of cells at 43.5"C, for 60 min. The 
heat-mediated induction of heme oxygermse mRNA was blocked by simultaneous 
treatment of cells with actinmycin D or cycloheximide. In contrast to Hep 3B 
cells, cells of another human hepatcm line, Hep G2, shmed little induction of 
hemeoxygenasemRmbyheattreatmnt. 'Ihese findings suggestthatheatshock 
treatment induces heme oxygenase mRNA in certain human hepatom cells, but not 
in others. 0 1989 Academic PTf55, Inc. 

Microsmal heme oxygenase (EC 1.14.99.3) catalyzes the rate-limiting step 

in the oxidative metabolism of heme which yields biliverdin (1). Hen-e oxygenase 

activity can be induced inmny cell types by trs&nentwith hemin, the substrate 

for the enzyme, as well as with various other non-heme substances (2). Recently 

ithasbeenshmmthatheme oxygenaseis amjor 32-kDa stress protein induced 

in rathepatcma cells by treatment with arsenite and cadmium (3)‘ as well as in 

human fibroblasts by treatment with WA radiation, hydrogen peroxide, and scdim 

arsenite (4). In rat gliom cells, heme oxygenase was also shown to be a heat 

shockprotein(5).Similartotherathemoxygenasegene(5),thehumngene (6) 

also contains a potential heat shock element (HSE) upstream from the initiation 

site.Hcwever, thehumnenzymewasreportednottobe inducible inmacrophages 

(7), gliom (7), HeLa (8), or in HL60 cells (8), or only marginally inducible 

in fibroblasts by heat shock treatrrent (4). we have recently demonstrated that 

hemeoxygenasemRNAis inducible inhumnhepatcmcells inresponsetovarious 

stimuliincludiqheminardheavymetals (9). Inordertodeteminewhetherheat 

shockalsoconstitutesanotherstressleadingtotheinductionofhemoxygenase 

mRNA in human hepatcma cells, we examimd changes in heme oxygenase nW?A levels 

intwohmanhepatocazc inma cell lines, Hep G2 and Hep 3B, following heat 

exposure. 
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Cell cul~andheattreatment:Hep3Bcellswereobtainedfrmn~ican 
I&e Culture Collection, Rookville, MD, and Hep G2 cells were kindly provided 
by Dr. Parbara B. Knowles, The Wistar Institute, Philadelphia, PA. Both Hep 3B 
and Hep G2 cells were grum in 150 mm x 20 mm tissue-culture dishes (Coming, 
NY) in minimum essential medium with Farles salts supplemented with lO%(v/v) 
fetal-bovine serum, 100 units of penicillin/ml, 100~ of streptomycin/ml and 2 
mMglutami.ne. Cellswere seeded into culture dishes at12.5% confluence, followed 
bymadiumreplenishmentafter 4 days of incubation, amltheheattreatmentwas 
done 24 hours after the medium replenishment. To treat cells with heat, the 
grcwth medium was removed aml saved, the cells were replenished with Zarles 
buffer solution, and inoubated at various temperatures for 60 nun, or at 43.5"C 
forvariousperiods, as indicated intbe figure legends. Afterheatexposure, 
the growth medium was added back to the cells and incubation was continued for 
3 hours prior to the isolation of total RNA. 

Northern blot analysis: Fifteen w  of total RNA were applied to 1.2%[w/v] 
agarose/formaldehyde gels (lo), eleotrophoresed, and transferred to a sheet of 
Zeta-probe blotting membrane (Bio-Rad, Richmond, CA) for hybridization with 
appropriate probes. levels of mRNAs were guantitated by densitmetiy using an 
lKB Ultroscan XLlaser dens&meter. Eata were expressed as the ratio of the 
level in the treated cells to that in the untreated control. 

ccNAprobes: ProbesusedwerehumnhemeoxygenasecDNA (pHHO1) (6), and 
human FE970 (pH2.3) (11). Each clXiA was insert& into pGEX4z vector (Promega 
Biotech, Madison, WI) for the transcription of an RNA probe, according to the 
met&& of Melton et al. (12). 

Induction of heme oxvmnase mRNA bv heat treatment in Hep 3B cells: Fig. 

lshows the results of heattreatmenton the levels of heme oxyge.nasemPNA in 

Hep 3B cells. Heat treamt for 60 min at temperatures higher than 40°C clearly 
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Fiq. 1. Effect of heat treatment on hems oxygenase mRNA levels in Hep 3B cells. 
cellswere incubated for 6Omin atvaricus tenpzabxes as indicated. 
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Fiq. 2. Time couz~e of hen-e 0xygenasenEWA induction inHep 3B cells afterthe 
Canrmencement of heat treatment. Cells were incubatd at 43.5"C. 

induced heme oxygenase mFNA inHep 3B cells. Amaximal level of 5-fold induction 

was observed at the optimum temperature of 43.5"C. This finding was in strikimj 

contrast to that observed withHep G2 cells which showed little induction of hene 

oxyqenasenRNAinresponsetoheatexpmre (data not sham). Heat treatit 

of Hep 3B cells at 43.5"C for various time periods showed significant induction 

ofhemeoxygenasemRNAat30minoftreabmentorlonger, andmaximlinduction 

was observed when cells were incubated at 43.5"C for 60 min (Fig. 2). 

Blockade of the heat-mediated induction of hem oxvqenase mRNA by acti- 

nmvcin D and cvcloheximide: when actincmycin D, a specific inhibitor of WA- 

directed FWA synthesis, or cycloheximide, an inhibitor of protein synthesis, 

was added to Hep 3B cells at the beginning of heat treabnent, the heat-mediated 

inductionofhemeoxyge.nase TnRNAwas essentially abolished (Fig. 3). 

Cbames in the levels ofHSP70 mR?A in hmanhermtcm cells after heat 

treamt: HSP70 TS?NA was induced both in Hep G2 and 3B cells after heat 

treatment.Themaximalinductionresponsewasobservedwhencellswereincubated 

at 43.5-C for 60 to 90 min. Both Hep G2 and 3B cells showed a cmparable degree 

of induction of HSP70 mRNA (=50-fold) (data not shcwn). 
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Fiq. 3. Effect of actinmycin D and cyclohextide on heat-induced heme oxygenase 
Mona levels in Hep 3B cells. Cells were incubati at 43.5"C for 30 min. 
C: no addition: AD: actinmycin D (0.25jq/ml); CX: cycloheximide (l/q/ml). 

DISCUSSION 

The results of our experiments provide evidence for the induction of heme 

oxygenase mF?NA in human Hep 3B hepatcma cells in response to heat shock 

treatmnt. 'Ihe heat-mediated induction of heme oxygenase rnRNA in Hep 3B cells 

was temperature- ardtimdepe&ent. It also appeared to be exerted at the level 

of transcription, since the induction response was abolished by treatment of 

cells with actinomycin D. The full induction of heme oxygenase mRNAmay also 

require the synthesis of certain protein(s), since the induction was also 

abolished by treatment with cycloheximide. 

The heat-mediated induction of heme oxygenase n@NA in Hep 3B cells was in 

contrast to the findings with Hep G2 cells, which show~little induction of hem 

oxygenase mRNA in response to heat treatment. The refractory nature of hem 

oxygenasemRNA induction inHepG2 cellsbyheattmz&mentwasunigue inthat, 

in ccntrast, both Hep G2 axxl Hep 3B cells showed marked induction of hem 

oxygenasemRNAinresponsetohemin,cobdltp~~~yrin,~~~,arsenite, 

and IL-6 (9). In addition, I-EWO niRNAwas induced in Hep G2 cells to a ccqmzable 

degreetothatinHep3Bcellsafterheattreatment.l%sefindiqssuggestthat 
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thereisadistinctcontrolonthegenee~p~ionofhemeo~ygenaseandHSP70, 

tithatthe functionoftheHSE inthehemeoxygenasegene inHepG2 cellsmy 

be blocked, while it is not blocked in Hep 3B cells. 

Ithasbeen reported thatheme oxygenase mRNAwas not inducible by heat 

treatment in several human cell lines, including U937 mcrophages (7), HeLa (8), 

ardHL60 cells (8), or that it was onlymarqinally increased in human fibroblasts 

(5 2-fold) (4). Thus it is generally assured that human heme oxygenase is not 

a heat shockprotein (7,8). Our findings in this study, however, clearly indicate 

that heme oxygenase mRNAis inducible byheatshock in certainhuroanhepatom 

cell lines such as Hep 3B, although it is little inducible in other hepatoma 

lines, e.g., Hep G2. There may therefore be an additional mechanism for the 

regulation of the HSE, which may be different depending on cell lines, in the 

hunanhemeoxygenasegene. 
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