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Is the seasonal variation in cancer prognosis caused
by sun-induced folate degradation?
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Summary Recently, we have documented that the season of diagnosis affects the prognosis of Hodgkin’s lymphoma,
colon-, breast- and prostate-cancer patients in Norway. The relative risk of death was lower for the patients diagnosed
during summer and autumn when compared with the winter diagnosis. We here hypothesise that UV (ultraviolet)
induced degradation of folate may be the reason for the observed seasonal variations in cancer prognosis. It is known
that folic acid, a synthetic form of folate, is degraded by UV radiation. We have also found that the most common
folate derivative in the human body, 5-methyltetrahydrofolate, is UV sensitive.
c 2006 Elsevier Ltd. All rights reserved.



Introduction
We have found that prognosis of several cancer
forms varies with the season of diagnosis and therapy start [1–3]. The relative risk of death after an
18 month follow-up was 20–50% lower for the cases
diagnosed during summer and autumn compared
with winter diagnosis. A recent study from UK, looking at cancer prognosis by season of diagnosis in over
1 million patients, found similar results [4]. We
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proposed that this seasonal variation might be related to the variation in the UV induced vitamin D3
production. It is well known that the main source
of vitamin D3 in humans is exposure to sun. In Norway as in many other countries there is significantly
more (20–120%) calcidiol (25 hydroxyvitamin D3) in
human serum in summer and autumn than in winter
and spring [5].
We here propose an alternative explanation of
our cancer survival data, one related to folate
photodegradation. Solar radiation can degrade folate, a vital B-vitamin derivative [6]. Furthermore,
antagonists of folate, such as metotrexate, are
used in cancer therapy [7]. The rationale for this
is that all cell division (i.e. DNA synthesis) is
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dependent on folate and folate derivatives. Folate
antagonists slow down cell division, and since cancer cells often divide fast, tumours are presumably selectively affected. The synthetic form of
folate, folic acid, is known to be sensitive to UV
radiation [8]. However, the photobiophysics of organic derivatives of folate is hardly investigated at
all. Our preliminary experiments indicate that
these derivatives are UV sensitive. Scientists have
suggested that the evolutionary reason for the
brown skin colour of people living near the Equator is protection of folates in the blood from suninduced degradation [9].

Hypothesis
The observed seasonal variation in survival rate of
several types of cancer in Norway is due to photodegradation of folate by sun exposure. Thus, the
folate levels in the serum of these patients may
be lower in summer and autumn than in winter.

Evaluation of the hypothesis
(a) Folate-cancer connection
Folate is necessary for the biochemical formation
of thymidine, one of the four bases in DNA [10],
being therefore an essential factor in DNA replication and cell division. In tissues with rapidly dividing cells, such as cancer tissues, a low folate
level would be expected to alter the DNA synthesis
and to induce an inhibition of tumour growth and
an increase in the chance of survival. This has been
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the rational for using antifolate derivatives (such as
metothrexate) as anticancer agents in clinical
practice [11]. Clinically, it has been reported that
folate treatment of children with acute leukaemia
results in an accelerated evolution of the cancer
[12]. Animal experiments support this view, showing that folate deficiency delays tumour progression [13,14].

(b) UV degrades folate in vitro
Folic acid (FA), a synthetic form of folate, is sensitive to UV radiation [8]. We have also found that 5methyltetrahydrofolate (5MTHF), the most common
folate derivative in the human body (80–90%), is UV
sensitive (unpublished data). Upon UV exposure,
5MTHF is oxidized to 5-methyldihydrofolate and,
after continuous irradiation, 5-methyldihydrofolate
is broken down to p-aminobenzoyl glutamic acid and
a pterin moiety [6]. 5-methyldihydrofolate is probably not re-entering the folate pool in the human
body [15], so the first step of photolysis is enough
to degrade the folate.
FA is even degraded by UVA radiation (320–
400 nm), although 5MTHF absorbs little UVA,
mainly UVB (280–320 nm, Fig. 1). UVB is not penetrating deeply into the skin, and, therefore, very
little of the UVB reaches the blood stream. This
means that direct photodegradation of 5MTHF
may not be efficient enough to be of biological significance. On the other hand, indirect degradation
of folates may take place. 5MTHF has a high antioxidant activity [16]. We have found that 5MTHF is
quickly oxidized to 5MDHF during light exposure
in the presence of photosensitizers (unpublished
data). Therefore, reactive oxygen species (ROS)
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Figure 1 Normalized absorption spectra of 5-methyltetrahydrofolate (solid line) and folic acid (dashed line) in PBS at
pH 7.4. Folic acid absorbs both UVA and UVB, while 5-methyltetrahydrofolate mostly absorbs UVB.
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produced in human tissues by UVA radiation may
degrade 5-methyltetrahydrofolate. Possibly, even
radiation of longer wavelengths than those in the
UVA region may degrade 5MTHF. Such radiation
penetrates well to the blood vessels in the dermis.
Several photosensitizers are present in low concentrations in human serum: porphyrins, flavins, bilirubin and substances in food.
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of diagnosis in relation to subsequent death risk appear warranted.
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(c) Seasonal variation in UV fluences
In Norway, there is a large variation in solar UV
radiation. The daily UV-dose in Oslo (60 °N) averaged for the period 1995–2001 was 2232 and
82 J/m2 in summer (June–August) and winter
(December–January), respectively [17]. The corresponding values for Tromsø (70 °N) are 1550 and
19 J/m2.

(d) UV might degrade folate in vivo
The birth rate of children with neural tube defect
(NTD), a disease closely related to folate deficiency, varies with season [18]. A proposed mechanism of this seasonality has been the UV induced
folate degradation [19]. UV is even included in a
mathematical model for NTD incidence [20]. These
findings may certainly have other reasons than direct UV exposure. Van Rootselaar suggested that
the herpes virus might be involved in the connection between UV exposure and NTD [20].
In vivo photodegradation of folate has been seen
also in psoriasis patients undergoing UV treatments. We have measured a slightly lower amount
of erythrocyte folate in eight out of ten patients
after several UVB phototherapy sessions (unpublished work).
There are some indications of seasonal variations in the folate level. Hao et al. found that the
folate concentrations (both in serum and in erythrocytes) were lower in fall than in spring for people
living in the southern China [21]. The result was
opposite for the northern China, but this can be explained by limited supply of fresh vegetables during
winter and spring for the rural population in the
north. Ronnenberg et al. found a lower folate concentration during summer among Chinese women
of childbearing age [22]. One point that has to be
stressed is the fact that folate intake through diet
may vary with season, because of changes in vegetable intake.
If our hypothesis is correct, sun-induced degradation of blood folate might act beneficial with regard to cancer prognosis. Prospective studies
examining blood levels of folate at the moment
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2002:4. Østerås: Norwegian Radiation Protection
Authority, 2002.
[18] Marzullo G, Fraser FC. Similar rhythms of seasonal conceptions in neural tube defects and schizophrenia: a hypothesis
of oxidant stress and the photoperiod. Birth Defects Res A
Clin Mol Teratol 2005;73:1–5.
[19] Jablonski NG. A possible link between neural tube defects
and ultraviolet light exposure. Med Hypotheses 1999;52:
581–2.

185

[20] Van Rootselaar FJ. The epidemiology of neural tube
defects. A mathematical model. Med Hypotheses 1993;41:
78–82.
[21] Hao L, Ma J, Stampfer MJ, et al. Geographical, seasonal
and gender differences in folate status among Chinese
adults. J Nutr 2003;133:3630–5.
[22] Ronnenberg AG, Goldman MB, Aitken IW, Xu X. Anemia and
deficiencies of folate and vitamin B-6 are common and vary
with season in Chinese women of childbearing age. J Nutr
2000;130:2703–10.

